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Manufacturing organizations are the beating hearts of economical growth
and therefore also the quality of life in every country. This holds true evermore
today, with the continuing economical crisis and negative implications of the current
economical system becoming apparent around the world. Turbulent and dynamic
changes of the global environment are emerging, impacting operations of every
enterprise. In addition, the market environment surrounding these enterprises can
be well characterized as hyper-competitive. In such conditions, the companies are
forced to utilize all their back-up resources, inherent potential of their employees,
develop new technologies and intelligent solutions. Every new piece of knowledge
can become helpful as a support for improving this situation.

The present work is an outcome of research carried out at three specialized
departments specializing in the field of modern industrial engineering, lead
by the editors of this volume: Department of Industrial engineering, University
of Zilina, Department of Management and Computer Science, University of Silesia,
Katowice; and Department of Industrial Engineering, University of Bielsko-Biata,
Bielsko-Biala.

The monograph "New aspects of manufacturing organizations" is interdisciplinary
and consists of two main parts. The first part seeks to address selected areas
pertaining to manufacturing organizations. The second main section focuses on
the system environment indispensable to efficiency of any manufacturing
organization. Both sections present new pieces of knowledge developed by a wider
team of authors in their original research, organized into nine thematic units
(subchapters).

The introductory subchapter focuses on product lifecycle management
and technology in manufacturing enterprises. The focus is specifically aimed
at the examination of factors influencing this cycle and the emphasis placed
on innovation activities pertaining to products and technologies enhancing
the enterprises’ market value. To support the claims a case study from
the metallurgical industry is presented.

The next subchapter discusses the problem of flexibility of small businesses in
supplying products to the market. It points to possibilities of utilizing information
technologies to effectively manage large sets of product variants. The proposed
approach is documented and its merits justified by another case study.

The third sub-chapter deals with ergonomics, placing the human being in the first
place. It emphasizes the role of designers, who need to create the best possible
conditions for people in the actual manufacturing process. Here, progressive
approaches to designing workplaces are necessary, which require adoption of new
tools and suitable methodologies.



Possibilities of utilizing modeling and simulation techniques to successfully manage
production processes are discussed in the fourth subsection. The case study included
presents an analysis of a production system and its multi-criterial assessment
in the furniture industry.

The first main part of the monograph is concluded with a subchapter dealing with
managing and implementing innovations in industrial environments. This
challenging set of problems is divided into three parts. Emphasis is placed
on the fact, that no modern management systems can be developed omitting
the theoretical basis and methodological tools supporting emergence of innovation.

The second main part of the monograph focused on the system environment
sustaining the manufacturing organizations, begins with a subchapter on systemic
solutions and problems inthe area of occupational safety and hygiene
in manufacturing plants in Poland. Particular attention is given to unfavorable work
conditions and the role of clusters in the development of occupational safety
and hygiene.

The following subchapter elaborates on the impact of corporate social responsibility.
The theoretical part mainly discusses various rules applying to corporate social
responsibility. Next, these findings are confronted with the actual realities in a case
study from a steel mill environment.

The penultimate subchapter discusses clusters as possible sources for increasing
performance of organizations. It highlights the potential emerging from enterprise
networking and analyzes procedures that may be used to determine the effectiveness
of such clusters.

The last subchapter looks at the issue of training of experts for field practice.
It focuses on the methods of calculating costs related to preparation of skilled
personnel at the universities.

The publication is published as trilingual. This follows well established
communication practices of its Slovak and Polish authors. The editors wish to thank
all the authors of various parts of the monograph, as well as their reviewers. They
believe that the findings published herein will serve a wide spectrum of readers.

prof. Ing. Branislav MICIETA, PhD.
Head of Department of Industrial engineering, Zilina

prof. dr hab. Tadeusz WIECZOREK
Head of Department of Management and Computer Science, Katowice

prof. dr hab. inz. Jézef MATUSZEK
Head of Department of Production Engineering, Bielsko — Biata



Vyrobné organizacie su motorom hospodarskeho rozvoja a nasledne i kvality Zivota
v kazdej krajine. O to viac v stucasnosti, ked’ vo svete pretrvava hospodarska kriza
a prejavuju sa negativne dosledky svetového ekonomického systému. Do popredia
vystupuju turbulentné a dynamické zmeny globalneho prostredia, ktoré vplyvaja
na ¢innost’ kazdého podniku. Samotné okolie podnikov mozno charakterizovat’ ako
hyperkonkuren¢né trhové prostredie. V tejto situacii si podniky nutené siahat
na vSetky svoje rezervy, vyuzivat’ vnutorny potencial svojich pracovnikov, rozvijat’
nové technologie a inteligentné rieSenia. Kazdy novy poznatok moéze podporit
zlepSenie tejto situacie.

Predkladana publikacia je vysledkom vyskumu pracovnikov na troch
Specializovanych katedrach zameranych na oblast novodobého priemyselného
inZinierstva, ktoré si vedené editormi tejto publikacie. Jedna sa o nasledovné
pracoviska: Katedra priemyselného inZinierstva na Zilinskej univerzite v Ziline;
Katedra Zarzadzania i Informatyki, Politechnika Slaska Katowice; a Katedra
Inzynierii Produkcji, Akademia Techniczno-Humanistyczna, Bielsko-Biata.

Monografia ,,Nové aspekty rozvoja vyrobnych organizacii” ma interdisciplinarny
charakter. Pozostava z dvoch hlavnych casti. Prva cast’ je zamerana na riesenie
vybranych oblasti vo vyrobnych organizaciach. Druha hlavna Cast’ sa sustred’uje
na systémové okolie, bez ktorého vyrobné organizacie nemézu efektivne pracovat'.
V oboch castiach st prezentované nové poznatky SirSieho kolektivu autorov, ktoré
boli ziskané vlastnym vyskumom. Poznatky su ststredené do deviatich tematickych
celkov (podkapitol).

Uvodny tematicky celok je zamerany na problematiku riadenia Zivotného cyklu
vyrobku a technolégie vo vyrobnych podnikoch. Specifikom je skimanie vplyvov
na tento cyklus. Déraz je kladeny na inova¢né aktivity podnikov v oblasti vyrobkov
a pouzivanych technologii, ktoré zvysuju trhova hodnotu podnikov. Na podporu
daného tvrdenia je pouzity priklad z metalurgického odvetvia.

Nasledujuca podkapitola je prispevkom k rieSeniu problematiky pruznosti dodavok
produktov malych spolo¢nosti na trh. Poukazuje na moznosti vyuzitia informaénych
technologii pre efektivnu spravu velkého mnoZstva variantov produktov.
Opodstatnenost’ daného pristupu je dokumentovana na pripadove;j studii.

Tretia podkapitola je venovand ergonomii, kde na prvom mieste je clovek.
Zdoraziiuje ulohu projektantov, ktori musia vytvarat pre ludi Co najlepSie
podmienky vo vyrobnom procese. K tomu je potrebné vyuZzivat’ progresivne pristupy
k projektovaniu pracovisk, ktoré vyzaduji akceptovanie novych néastrojov
a vhodnych metodickych postupov.



Moznostami vyuzitia technik modelovania a simuldcie pri riadeni vyrobnych
procesov sa zaobera Stvrtd podkapitola. Je tu realizovana analyza vyrobného
systému a jeho multikriterialne hodnotenie na priklade nabytkarskeho priemyslu.

Prvt hlavnu ¢ast’” monografie uzatvara podkapitola venovand procesom riadenia
vzniku aimplementacie inovacii v priemyselnom prostredi. Tato naro¢na
problematika je rozdelena do troch casti. Kladeny je doéraz na skutoCnost,
ze nemozno budovat novodobé systémy riadenia bez vyuzivania teoretickych
zékladov a metodickych nastrojov podporujicich vznik inovacii.

Druha hlavna Cast’ monografie zamerana na systémové okolie podporujiice vyrobné
organizacie, zaCina podkapitolou venovanou systémovému rieSeniu a sivisiacimi
problémami tykajiicimi sa bezpecnosti a hygieny prace v priemyselnych podnikoch
v Pol'sku. Osobitna pozornost’ je tu venovana nevhodnym podmienkam prace
a ulohe klastrov pri rozvoji bezpecnosti a hygieny prace.

Nasledovna podkapitola rozpracovava vplyv spolocenskej zodpovednosti podnikov.
V teoretickej Casti su rozpracované hlavne pravidla o socialnej zodpovednosti
podnikov. Nasledne su tieto poznatky konfrontované so skuto¢nost’ou v pripadove;j
studii z prostredia oceliarne.

Predposledna podkapitola rozpracovdva moznosti klastra, ako jedného z potencidlov
zvySovania vykonnosti organizacie. Poukazuje na pozitiva, ktoré v sebe skryva
sietovanie podnikov a riesi postup zist'ovania efektivnosti klastra.

Posledna podkapitola je zamerana na oblast’ pripravy odbornikov pre prax.
Sustred’'uje sa na vypocet nakladov, ktoré si zviazané s pripravou kvalifikovanych
pracovnikov na vysokych skolach.

Publikéacia je pisand ako trojjazy¢na. Nadvidzuje to na zauzivané komunikacné
praktiky slovensko—pol'skych autorov podielajucich sa na jej priprave. Editori
d’akuju vSetkym autorom jednotlivych ¢asti monografie a recenzentom tohto diela.
Veria, Ze publikované poznatky uvedené v monografii posluzia Sirokému spektru
Citatelov.

prof. Ing. Branislav MICIETA, PhD.
veduci Katedry priemyselného inZinierstva, Zilina

prof. dr hab. Tadeusz WIECZOREK
kierownik Katedry Zarzadzania i Informatyki, Katowice

prof. dr hab. inz. Jézef MATUSZEK
kierownik Katedry Inzynierii Produkcji, Bielsko-Biala
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Chapter 1.1.

MODEL MANAGEMENT OF PRODUCT LIFE
CYCLES AND TECHNOLOGY LIFE CYCLES

IN MANUFACTURING ENTERPRISE TAKING
INTO CONSIDERATION PERIODS OF SECTOR
AND COMPANY LIFE CYCLE

MODEL RIADENIA ZIVOTNEHO CYKLU
VYROBKU A ZIVOTNEHO CYKLU
TECHNOLOGII VO VYROBNYCH PODNIKOCH
SO ZRETELLOM NA CYKLUS V SEKTORE

A ZIVOTNY CYKLUS PODNIKU

Bozena GAJDZIK', Andrzej WYCISLIK?, Tadeusz WIECZOREK’
Key words: sector life cycle, company life cycle, product life cycle, technology life cycle

Abstract

In this publication the issues of product life cycle and technology life cycle in
a manufacturing enterprise are presented, including the dependences occurring between
management of product life cycle and the application of the best technological solutions
available. A model has been developed, which is based on the innovative activity of the
enterprises in reference to products and devices. Their modernisation allows for maximising
the market value of enterprises. Moreover the development of product and technology is
connected with sector and company life cycle. For example metallurgical branch particular
periods were presented. Authors considered two models of economy for metallurgical sector
life. First model was central planed economy, second — market economy. Changes in
particular periods of the sector life were presented.

'D.Sc. Eng, Silesian University of Technology, Department of Management and Computer Science, 40-019
Katowice, street. Krasifiskiego 8, Poland.

’D. Sc. Eng. Ph. of Silesian University of Technology, Department of Management and Computer Science,
40-019 Katowice, street. Krasifiskiego 8, Poland.

* Ph. D. Sc., Silesian University of Technology, Department of Management and Computer Science, 40-019
Katowice, street. Krasifiskiego 8, Poland.



NEW ASPECTS OF MANUFACTURING ORGANIZATIONS’ DEVELOPMENT

1. Assumptions the development of management of product
life cycle and technology life cycle

In recent years the value of innovations management of all the functions
occurring in enterprises is underlined. The essence of this matter is
introduction of novelties into business practice. The actions which are
considered innovations are the introductions of new products or new
technologies, finding new sources of resources and new organisation
of enterprise functioning (1).

On the assumption, that:

e new or modified product is a key element of innovation
and the source of predominance in enterprise competition in present
market economy,

e the (basic) productive processes and service processes (auxiliary) of
enterprises are based on technologies, and thelevel of their
modernisation decides on the quality of the products and the influence
of the enterprise on the environment,

e innovation is the basic factor in construction of the market value
of the enterprise, it was presumed, that nowadays the management of
the product life cycle allows enterprises for fluent implementation of a
new technology in the best possible moment of their market strategy
realisation. It was also assumed that there is dependence between the
product life cycle and technology life cycle. The management of
cycles is an interactive process, in which the enterprises interact
with clients of products, the suppliers of modern technologies and
service companies or other entities in the surrounding.

It was stated, on the basis of literature analysis, that classic product life cycles
and technology life cycles go through the following stages: introduction,
growth, maturity and withdrawal from the market. Each phase has other
implications for the final user. The recipients of final products assess their
usefulness by their usability. The producers prepare a detailed analysis of the
income from product sales in each phase of the cycle.

In the economy based on enterprise knowledge, in order to develop
systematically and in a stable way, the enterprises must learn how to broaden
the scale and range of business activity by introduction of new products and
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technologies faster than competition. Enterprises should base their strategy on
development of modern products and new or modernised technological
solutions. In developed countries the customers expect products with highly
innovative qualities. The confrontation of the customer expectations with the
enterprise possibilities allows for identification of strong and weak points in
the interactive model of innovations.

The authors of the interactive model of innovation are R.Rothwellem
and W. Zegveldem (fig. 1). Process of product innovation is a sequence
of particular actions, which take place in the following areas (2): research and
development (R&D), production and marketing.

Scientific and technological
achievements

Technology

T ¢ “pushes”

A 4

Product
commercialisation

Idea of a new
product

Production Marketing

A

Market
“pushes” f ¢

Market needs and social needs,

including ecological needs

Fig. 1.: Interactive innovation model (2)

Interactive innovation model shows the connections between the introduction
of innovative changes in products and changes in manufacturing technologies
and the needs and expectations of the customers. The impulses for product
modification or introduction of new products are the technological changes and
new customer needs.

It may be derived from the presented assumptions that it is necessary
to connect the life cycle of a product with life cycle of a technology.
The authors of this publication agree on the fact how vital is the integrated
analysis of the management of each phase of product life cycle and technology
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life cycle in the enterprise management as a whole, and in particular in
management of product innovation. The aim of the authors of this publication
is to design a model of product life cycle and technology life cycle
management in the aspect of innovativeness for manufacturing enterprises.

2. Phases of product life cycle and their connection
with technology life cycle

Life cycle of a product is in a nutshell the whole history of its manufacturing
and application. It begins from natural resources and other production
materials, lasts during all stages of manufacturing and application of the
product and finishes in the form, in which the product or its elements come
back to manufacturing processes (internal or external recycling). Such system
of product life cycle may be presented in a form of a dependence loop:
environment — consumption- environment. This cycle is referred to as LCA
(Life Cycle Assessment). It allows for a comparison and assessment of inputs
and outputs of a manufacturing system and its potential influence on the
environment in the full cycle of existence (3).A simplified cycle structure is
presented in fig. 2.

Environment Consumption Environment
Primary input primary output
- natural resources —  emissions to the
proce.ssed mptft o Production > atmosphere, water,
- intermediate products d land
- materials processed output
—  energy carriers v —  products |
yy —  waste
Use
A 'y

Technology of: Analysis of product
gaining,
processing,

manufacturing

life cycle Technology of waste

management

Analysis of
technology life cycle

Fig. 2.: Flow diagram of input and output of product system (own study)
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“Product life cycle shows the phenomenon of product gradual getting
and losing the ability of satisfying the needs of a customer, as well
as the process of increasing the cost connected with product innovations,
their elaboration, introduction on the market and maintenance of their
presence on the market” (4).

In the model: environment — consumption — environment a multi-level use of all
the waste is assumed, which as a result gives zero waste and zero emission.
Some products influence the environment to a highest degree during the
production and some during use or utilisation. Before a product is put on the
market rigorous tests are conducted concerning its influence on the environment
in the whole time of use. The total analysis starts from the moment of output of
resources and accompanies the environmental aspects of production, distribution
(including packaging), use and utilisation of the product. Of course, for various
products the biggest influence on the environment occurs in different stages of
their life cycle. For example, the metallurgical products significantly influence
the environment mainly inthe process of production (metallurgical slag and
open-hearth slag, gas emissions into the air, mainly of carbon dioxide). That is
why the decrease of negative effect on the environment is mainly focused on the
decrease of harmful effect of those processes, which influence the environment
to a greatest extent (3).

Main factors which are taken into account in the assessment of product
and technology influence on the environment are:

e availability and renewability of the resources in nature,

e pollution emission during gaining, processing and creation
of products,

e use of energy, water and other media in the manufacturing process.

In table 1 the environmental aspects are presented in full ecological product
life cycle, taking into account two types of technology, which are the old-
fashioned one (decline phase of technology life cycle) and the modern one
(fully active phase of the technology).
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In the analysis of the market life cycle of a product (classic model, so-called
marketing model) there are four main phases (4, 5):

L. introduction (the product is put on the market),
II. growth (the number of buyers of the product increases, income
from the sales),
III.  maturity (the enterprise reaches optimum income from the sales of
the product, the market is glutted with the product),
Iv. decline (sales drops and the product disappears from the market).

Table 1.
Ecological aspects product life cycle and technology life cycle analyses (own study)
Phases of Type of technology
ecological life cycle .
of a product Old-fashioned technology Modern technology
limited access to resources, o easier access to resources,
Output of resources, . . . .
. intermediate products, intermediate products
access to materials . .
X ; materials and materials
and intermediate . s .
natural resources dominate o artificial resources dominate
products )
(primary) (processed)
high level of pollution emission o low level of pollution emission
to atmosphere, water, land,
to atmosphere, water, land,
. . . o low use of resources
Manufacturing static model of environment . .
. o dynamic model of environment
of products protection (second waste .
protection (based on
management) S
minimising procedure and
prevention of waste formation)
o low consumption of energy,
high consumption of energy, water and other reserves
Consumption water and other reserves (hlgh (demgnlng the product
level of energy-consumption in reference to energy
of energy and other . . .
. and material-consumption efficiency and aware
Media . . .
of the applied product consumption by the client may
manufacturing technology) minimise the negative
influence).
Consumption . small recycling and reuse o big recycling and reuse
after use — of side- e . A
possibilities of side-products possibilities (the product can be
products .
use easily fixed or recycled).
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First phase is a period of high costs and low sales of products. Such situation
causes losses or small profit for the enterprise. The risk of new product
introduction on the market is a big risk, because the product is unknown to
the customer (creation of needs). It is necessary to invest a lot in product
marketing (elaborated promotional campaign) (4, 5).

In the second phase the dynamics of the sales is big and of progressive type.
The company has big expenses on the production (preparation for mass
production). The number of customers increase and distribution cost rises.
Risk is still high, first competitors appear (4, 5).

Signals that the market is glutted with a product appear in the third phase.
Dynamics of sales growth has decreasing character, the enterprise profit also
decreases. The sales reaches maximum, market stabilises. Producers lower
the price of the product in order to gain additional customers (4, 5).

In the last phase (fourth) the sale drops. Cost of unit manufacturing increases,
as a result the profit drops and even a loss may appear. Executives in the
enterprise begin actions connected with withdrawal of the product from the
market or its modification (4, 5).

The length of product life cycle is different for various products and may last
from a few to a several dozen of years. With the development of the post-
industrial society the life cycles of products are gradually becoming shorter.
Each enterprise does their best to lengthen the product life cycle because it
causes lower cost of its development and better profitability.

Marketing specialists agree that each phase of product life cycle is
characterised by different speed of demand change, different number
of segments of product buyers, different number of competitors and different
profitability. In each phase of product life cycle the elements of marketing
actions are applied (mix marketing instruments), therefore the product
characteristics, its sales price, expenses on communication of the enterprise
with the surrounding as well as distribution channels. Details concerning
marketing influence of the enterprise on the course of particular phases of
product life cycle are presented in table 2.
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Table 2.
Elements of marketing actions in each phase of product life cycle (5)

Specification Introduction Growth Maturity Decline

Demand Growing Rap 141y Stable Decreasing
growing
Segments Few A lot A lot Few
Competitors Few A lot Some Few
Profitability Minus High High-low Low
Product New Better quality | Rationalisation | No change
Price From high to From' lower to Stabilisation Discount
lower higher

Communication Intensive Intensive Intensive Weakening
Distributors Few A lot A lot Few

The choice of tools for the product life cycle management is subjected
to, among other factors, the technological situation of the enterprise.
Technology life cycle analysis is a tool used to test the competitive abilities
of an enterprise in terms of technology. From the point of view of market
value there are four types of technologies (4):

L. Experimental

technologies

(new),

with a

small

range

II.

I1I.

IV.

of application, but promising that in the future they will become
key technologies; also very well protected against the competition.
Key technologies (developing) which are the basis
of competitiveness of the products, their mastering is a key
to success, they are highly protected.

Basic technologies (mature) widely applied in the sector, available
and of small or weakening competitive value

Decline technologies (outdated) — gradually withdrawn
from the enterprises due totheir economic and technical
unprofitable aspects.

Technology life cycle runs similarly to product life cycle. The company bears
the highest cost in the initial phases of the cycle and the biggest effects are
generated by the technology in the maturity phase. The knowledge of
the course of technology life cycle of a given company allows to prevent the
formulation of a technological gap and protects the company against
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overinvestment in new technologies without making the most of
technological possibilities used so far. In table 3 the types of products and
technologies were presented together, taking into consideration all the phases
of the life cycle.

Table 3.
Types of products and technologies in each of the phases of their life cycle
(on the base of analyse BCG)

Life cycle phase Introduction Growth Maturity Decline
Type of .technology New . Declining
(according . Key Basic

(experimental) . (old-
to market value (developing) (mature) fashioned)
of a technology)
Types of p roduc.ts New Developing Mature Old
(marked according | (problem
to BCG matrix) children) (stars) (cash cows) | (dogs)

Market life cycle of a product also forms a closed loop if we analyse it
in connection to management systems of the enterprise. The cycle begins
from the consumer through producer to consumer again (consumer —
producer - consumer cycle), as shown in fig. 3.

The model, presented above, is just an overall description of product life
cycle concept in connection with functioning of internal systems
in a manufacturing enterprise; its application requires suitable, detailed data
and economical and technological studies. The enterprises should, depending
on their production profile, conduct product life cycle analyses in reference to
the internal and external factors. Such studies are helpful in the design and
planning process of replacement of the existing products and technological
solutions with new ones. Additionally the range of the analysis should be
broadened by financial area, in order to assess the cost of development and
introduction of an innovation. The following stages should be mentioned in
the presented model of product life cycle:

L. Idea and concept formulation (thinking up),
II.  Designing a new product (project and planning system),
II1. Realisation (manufacturing of a new product based on new
or modernised technology),
IV. Re-use (internal and external recycling).
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Fig. 3.: Graphic illustration of the cycle and systems in manufacturing enterprise
(own study)

Formulation of the concept of a new product (thinking up) requires a deep
analysis of the customer needs and market situation. Therefore, the first stage
begins from customers, on the basis of their knowledge, by formulation of
their needs, preferences, likes and the end of product’s life occurs in case of
the user when product is fully exploited and after re-use after real
consumption. During the planning stage a directed scientific research is
necessary. Enterprises may use the intellectual potential of their own workers
employed in units dealing with research and development (R&D) or buy
ready-made solutions — know-how (licences and patents)(6). A stage of
detailed designing of a product occurs together with designing technological
modernisations (purchase of new machines, devices, additional service back-
up). Manufacturing of the products is more and more automated (high
technology) and that is why in the analysis the IT computer systems existing
in an enterprise are presented together with conceivable possibilities of
purchase of new solutions. Technology transfer in innovative economy is
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realised according to the assumptions of open innovation model (open
innovation) (7).

The characteristics of the open model is based on the exchange
of the knowledge and experience between the enterprise
and the environment, as well as the participation of the external organisations
in the R&D works which is bigger than the amount of work performed
internally within an enterprise. Time pressure and the cost of research and
development works cause that the enterprises decide to use services of highly
specialised units. In the “open” model the supply on the market with the
broadly understood services connected with research and development,
services connected with service of technology, counselling computer and
design rises steadily. The key factor of development of the “open” model is
globalisation of the markets of products and technologies. Global competition
forces the enterprises to introduce quick changes, which favour being open to
co-operation with the surrounding in terms of gaining innovations. The
following factors also influence the development of the open innovation
model: (7)

e casier access to knowledge and information exchange connected with

Internet development,

development and accessibility of innovations in many countries,

appearance of new organisations dealing with R&D,

growing competition on the market of manufacturing enterprises,

new needs (requirements) of the customers,

development of new outlets, including the developing countries and

regions,

e global problems of environment protection and limited access
to natural resources.

The most important stage of product management is the realisation
of the designed innovations. This stage requires an efficient service back-up
(maintenance service) and other back-up systems.

In the second stage there is a need of co-operation of three systems, which are
technology — set of devices and machines needed for production; production
capability — for creation of innovative products and service system;
and maintenance — necessary for the proper course of production process
and reliability of the applied technologies.
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Manufacturing system is based on the analysis of product life cycle, whereas
technological and service system on the analysis of technology life cycle.
Particular life cycles have different characteristic features in each phase,
the duration of them is different but their simultaneous analysis enables
to determine the mutual influences between them. Such approach allows to test
the market age of each product of a given enterprise and each technology used in
it. The result of such analysis is the rational planning of the range of production
and the costs connected with the introduction and creation of new products and
technologies. In table 4 the dependencies between three systems of a
manufacturing enterprise are presented - technological, manufacturing and
service, including the phases of the life cycle.

Table 4.
Phases of product life cycle and technology life cycle in the systems of an enterprise
(own study)
Phacs;c(l): life Introduction Growth Maturity Decline
increase continuation o
. limitation
of the production | of mass .
. . . . of the production
Production production size, a mass production, size
system in small amounts production first production >
begins limitations reduction
& of the assortment
appear
purchase of new full o not full
technology. preparation exploitation technology use
Technological =0 of technology, . ’
custem modernisation of technology first technical ageing
Y of machines to its full load S of technology
. limitations
and devices
appear
service actions service preparing
allowing the technology to
for a quick start maximum load mending
and technical (choice and repairing limited access
Service back-up of new of devices service, to repair services
system technology and their complex and to replaceable
(installation dimensioning, maintenance parts
and start, practical | service services
and theoretical of replaceable
training) parts)
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After long period of exploitation the technology goes into outdated phase. On the
basis of such technology the enterprise is not able to produce modern products.
The decline phase affects also the market products. A product is withdrawn from
use and a phase of its re-use of the whole product or a part of it follows. In life
cycle management this phase is significant and includes the issues of
eco designing, environmental balance and striving at the zero waste production.

A life cycle of a product and technology is a technique of strategic analysis,
enabling the application of the portfolio methods, the analysis of key factors
of success, the test of money flow as well as strong and weak sides of the
enterprise. On the basis of enterprise assessment results a decision is made to
introduce product and technology innovations. The process of novelty
introduction may encounter obstacles such as:

e high cost of product development and obtaining technology

or purchase of licence,

difficulties in access to the sources of resources,

lack of permissions to sell certain products,

lack of suitable experience in production or sales,

difficulties in access to loans on preferential terms,

complicated procedures of obtaining additional financial aids

for innovations,

e legal limitations and lack of tax relief for innovative enterprises,

e low diversification level of sources of gaining and financing
innovations,

e possible reputation loss, which may occur if sales of one product in a
given enterprise was stopped,

e cost of damage of technological synergy  existing
between the products.

3. Phases of a company’s life cycle and their correlation
to sector’s life cycle

Further and being under analysis are such cycles: company’s life cycle
and sector’s life cycle (trade). In this thesis there was a test of analysing the
interactions taking place between particular phases of these cycles. As a case
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study a steelworks sector in Poland was taken under consideration and other
companies that operate within it.

In bibliography of a company’s life cycle management the sequence of stages
is presented which apply to each company throughout its existence on the
market. These phases present particular differences both of a quantity
character (the amount of profit gained form products sale, the level of capital
invested, number of employees etc.) and a quality character (company’s
brand recognition). They are stimulated by various interior impacts
(availability and structure of human resources, finance, products and
information technology) and exterior of micro scale (market conditions) and
macro scale (further surrounding for company’s existence) (8,9).

In a company’s life cycle there are various stages (9,10):

e Birth (launch, entering the market) — main aim of a company
after entering the market is to realise the survival strategy in order to
maintain on the particular market; the structure of organisation is
simple because the company hasn’t got extended administration and
management department; in a business strategy it aims into immediate
opportunities spotting,

e youth (growth/development) — this stage is characterised by
the company’s development, if the company catches arising
opportunities and successfully and smoothly realises its strategy it
quickly gains significant position on the market and as a result raising
income from sale and profit’

e maturity — at this stage stabilisation of turnovers is observed,
the company’s position on the market is already worked out and is
profitable in long term; it possess surplus of capital which is dedicated
to further development; in this phase the companies have relatively
low costs of running business thanks to scale economics,

e decline — companies appear to be in the crisis which endangers their
further existence because of accumulation of many negative impacts
(e.g. loss of profits, higher debts); the reasons of crisis may be
external (e.g. drop of demand on particular products) and internal
(mistakes in management); to prevent this phase of a company’s life
cycle at the stage of maturity the companies should undertake repair
and preventative activities. Details concerned particular phases of a
company’s life cycle have been presented in the tab. 5.
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Table 5.
Features of a classic company’s life cycle (11)

Phase

Features

Birth

It is the time when a company enters the market. The phase of growth is
characterised by low or none cash flow, rapid growth and delays in production.
The company should start with the market penetration, firstly creating a clients’
database lately a production strategy. With the moment of settling the business
the company has permanent costs such as rent, salaries, insurance. These dues
the company must pay apart from the scale of sale. At this stage a company is in
need of large exterior sources — bank credit. In a business strategy a company
aims into using opportunities that are created by the market and its surrounding.

Growth

A company in the phase of growth notes rapid income growth accompanied by
raising number of clients. If the company feels the market gap other companies
clients become its clients as well as these who have already become conscious of
a new product or service. The clients database will grow unless it fulfils market’s
needs (it is to gather all possible clients), then the company passes to the phase
of maturity.

Maturity

In this phase the company has already got a worked out market position and is
able to forecast better its income and costs. The phase of maturity is
characterised by stable growth in income (probably 5-10% annually) and high
cash flow. Mature companies guarantee their shareholders permanent profit. The
companies remain In the chase of maturity as long as they don’t note the drop
which may result from the drop in demand or other changes that take place
outside the company.

Decline

The company slows down the growth speed, income begins to drop and again the
company faces troubles with cash flow. The customers tastes start changing or a
new technology is invented so the demand goes to new, substitute products.
Companies with a long term thinking may, at least for short time, postpone the
danger of decline by flexibility towards changes and offering new products or
services. Nevertheless, at some point new competitive companies will be settled
which take over part of clients. If the company doesn’t possess strategic plans or
overtake strategic actions it may be unaware of already being in the phase
of decline. Such company may remain at this stage ever for many years (at least
for as long as it has financial sources) and inquire why income is falling and
cash flow in danger. In the phase of decline the company may approach a radical
repair reconstructing or searching for the strategic investor because they are
aware of having resources which can appear attractive to new companies.
However other companies decide to broaden their activities and find new
investment paths.
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Table 6.
Phases of a classic sector’s life cycle (4).

Phase

Features

Launching
(birth)

o

uncertainty and risk of doing business;

high information needs about the sector in particular forecast analysis
(experts knowledge),

main meaning of technology and innovation;

limited competition;

high and changeable prices;

unprofitable business;

negative cash flow;

high capital needs to finance business;

searching for co-operation in order to lower costs of sector function.

Development
(vouth)

fast growing demand;

fast growth of profitability (lowering of unit costs and maintaining of high prices);
entering the market by new companies;

growth of competition;

sudden drop of prices;

business becomes more profitable but still negative cash flow;

still high capital needs,

tightening of co-operation,

preparing mutual business strategies.

Maturity

subsiding growth of clients’ demand;

harsh competitive battle (also international competition);

high importance of advertisement and other marketing activities,
reducing the products prices,

drop in production and sale’s profitability;

release of growth of productive capacity;

clients demand new products;

need of improving technology;

designing the new products,

capital aimed into reinvestment;

release of income,

searching the financial sources for innovation, repair, pro-development etc.

Decline

O O OO0 OO0 OO0 O 0O O0OO0OOO0O|J00 0O O0OO0OO0OO0OO0OOoO|loo O OoOOoOOoOOo

market stagnation;

sale at the level to guarantee survival of particular companies in a sector;
leaving the sector by the companies that do not possess a strategy o repair
and investing capital,

maintaining of a few companies operate within the market until there is no
surplus and service companies;

drop in competition;

sale of companies’ wealth;

low income, minimal cash flow, rather negative.
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Some similarities may be found between company’s life cycle and sector’s
life cycle (trade) where the companies function. In the sector’s life cycle
there are also phases of launch, development, maturity and decline.
The model of sector’s life cycle reflects the life cycle of companies, products
and technology (copying these phases on the sector) because the stages
correlate to already analysed development stages. The characteristic feature
of a sector’s life cycle (trade) is longer lasting period compared to already
mentioned cycles. The phases of a classic sector’s life cycle have been
presented in table 6.

Basing on scientific experience of the authors and researches made by
the article’s co-author (12) the steelworks sector life cycle has been defined
as well as the analysis of the life cycle of the biggest steelworks company in
Poland, it is ArcelorMittal Poland SA.

In favour of analysis the sector’s life cycle was divided into two key stages of
development:

e stage I this is a period of centralised economy,

e stage II this is a period of market economy.

e during analysing of central planning period in Polish economy such
phases of steelworks sector’s life cycle were defined:

e birth of steelworks sector — phase in 40s/50s of 20th century,

e youth of steelworks sector — 50s/60s of 20th century;

e maturity of steelworks sector — 60s/70s of last century and partly 80s
of last century,

e ccline of steelworks sector of centralised economy — 80s/90s of 20th
century, the phase began with introducing market economy rules, the

breakthrough took place in 1989 — the change of economic system
(table 7).

After the decline phase accompanied by realisation of the new government
programme of reconstruction of Polish steelworks of iron and steel (1992),
some of the steelworks companies managed to enter the market once again. It
was the starting point of another life cycle of companies and another life
cycle of the sector after implementing repair-reconstructive programmes in
particular companies. In chart.3. the phases of life cycle of polish steelworks
sector were presented by the year of 1992, up to implementing by
government the repair programme for steelworks sector.
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Table 7.
The life cycle of steelworks sector in Poland in period from 1940 to 1992
(self study on base of 12, p. 34-35).

Phase Period Characteristic features

1. Creating of steelworks companies mainly for interior economy
needs.
2. New companied are created by direct investments or by taking

40/50s over private companies by Polish government

Launching of 20th 3. Example steelworks companies that are settled in this phase:
(birth) cen o 1936 Florian Steelworks,
tury o 1949 — Cedler Steelworks,

o 1954 — Lenin Steelworks.
4. In 1950 steelworks in Poland produce 2,5 millions
of tons of steel.

1. More steelworks are set e.g. Huta Katowice — year 1976
2. Public enterprises are a dominant legal form
3. Big investment expenditures from government side
years on development of new enterprises
Development | 50/60 4. Expansion politics on employment (creation of employee
(growth) of the 20™ estates in aim to satisfy personnel needs)
century 5. Systematic increase in steel production and metallurgical

products, in 1960 — 6,7 mln tons of steel were produced
6. Gradual increase of the importance of steel export
and metallurgical products

1. Systematic increase in steel production, in 1970 — 11.8 min
tons of steel were produced

2. In the year 1980 Polish metallurgy reached the highest level in
steel production which was 19.5 min tons.

3. After the year 1980 steel production was gradually dropping

50770 and in 1990 was 13.6 mln tons.
of the 201 4. Together with a productiop decrease of steel and metallurgical
Maturity century products appeareq financial problems,. steelworks reponed‘ a
and first need for financial support from national budget financial
years after Tesources, . .
the 1980, 5. Decregse in production was not accompanied by.employment
reduction thus steelworks did no reported a drop in employees
performance (quantity of produced steel calculated for one
employee)
6. Increase of employee dissatisfaction about the government’s
politics in relation to metallurgical enterprises
years 1. Financial, personnel, technological, problems of steelworks.

80/90 2. Search for crisis solutions (sector restructuring programme)
of the 20" | 3. Systematic drop in production of metallurgical products —
Century. yearly average of steel production on the level of 10 mln tons.

Decline
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Table 8.

Periods of restructuring of metallurgical sector (works and steel) in Poland (12)

Phase Period Characteristics of restructuring changes
Introduction Period I Time of formulation and acceptance by a Polish government
of restructuring of the primary restructuring and repair programmes
principles into (1992- (Canadian stadium). Establishment of rules related to sector
the metallurgical | 1995) restructuring.
sector (birth)

Period of building new functional strategies in perspective of a
I.ncrease of Period II | free market. Main scope of restructuring programmes included:
importance E— . . -
property restructuring, technological, financial and personnel.
of sector . (1996- The first symptoms of crisis of all Polish metallurgies as a result
res.tru.cturmg 2000) unfinished programmes of restructuring and restructuring
principles (youth) delays, creation of New Programme and the beginning of going
out of the crisis situation.
Going out of the crisis situation of the metallurgical
enterprises, first positive effects of restructuring,
the enterprises show financial liquidity, the restructuring ally
was the increase of steel demand reported by Chinese
market, steel companies such as Mittal Steel Poland SA are
Maturity set up (concentrates 70% of production potential of Polish
of enterprises Period III | steel market), the strategic investor is found at: Steelworks
in realisation Zawiercie  (Swedish  enterprise ~ Commercial —Metal
of restructuring | (2000- Company), Steelworks Ostrowiec (Spanish Celsa Group)
plans 2006) and Steelworks Czgstochowa (Industrial Union of Donbas
(saturation) from Ukraine). The next fusions take place, takeovers, and
big global metallurgical companies are maintained. Mittal
Steel drew up an agreement with Arcelor (June 2006)
and ArcelorMittal Poland SA is set up. New investments,
investment value on a Polish metallurgic market in 2006
equalled 1 miliard Euros. Steel production remains at the
level of about 10 min of tons per year.
Further reduction in employment in steelworks, continuation
of technological restructuring, adjustment of technology to
environmental protection principles. The leader on a Polish
Decline — end ) steel market is ArcelorMittal Poland company. The UE
of sector Period IV Committee positively evaluates the effects of metallurgic
restructuring (2007 sector r@structuring in Poland. In 2OQ8 ther.e 'is a drop in s'teel
process 10 2009) production as an effect of a financial crisis on American
(saturation) market. Companies implement saving programmes based

on limitations in production (partial use of production
capabilities) and reduction of business costs (outsourcing
of unprofitable functions, reduction in employment, putting
the final touches on metallurgical furnace etc.)
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After the year 1992 all resources and functions of metallurgical companies
underwent restructuring. Example of an objective scope of introduced changes in
metallurgies (12):

proprietary-organizational (commercialization and privatisation
of metallurgies, reorganisation of enterprises into limited companies,
creation of holdings and concerns, capital and contractual
outsourcing),

productive-assortment (increase of importance of processed
metallurgical products, increase of the quality of products,
development of services associated with metallurgical products,
adjustment of metallurgical products to the standards of foreign
markets),

technical-technological (removal of excessive production capabilities,
liquidation of old production lines, changes in production technology,
a change to COS, purchase of licences and patents),

financial-capital (debt settlement of companies, maximisation
the floating capital, changes in the structure of expenses, cutting costs,
increase of importance of foreign capital also in financing the
activities of metallurgical enterprises in Poland),

personnel-payment (decrease in numbers of employees, changes
in the structure of employment — increased employment of workers
with a higher degree, improve qualification and competence of
employees by taking into account enterprise needs, goal management
system, increase the importance of non-financial motivation, improve
the level of employees engagement in enterprise management),
managerial-organisational (new organisational schemes of companies,
new methods and techniques of work organisation, enterprise
management ,e.g. Just in Time, Kanban, 5S, SMED, team work,
information-computerised systems supporting enterprise activity, new
organisational sections and new functions, e.g. market research,
marketing, distribution, customer service, quality assurance,
environmental protection).

In the restructuring process of metallurgical sector in Poland a few
phases can be distinguished, such as:

introduction of restructuring guidelines for companies

(1992-1995),
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e increase of the importance of restructuring for individual enterprises
(1996-2000),

e maturity that is a full implementation of restructuring strategies
in metallurgical enterprises (2000-2006),

e decline — finishing the most important stages of recovery programmes
in individual metallurgical companies (2007-2009) — positive
evaluation of EU Committee for the effect ofrestructuring
programme in metallurgic sector in Poland.

Table 9.

Life cycle of steel company ArcelorMittal Poland SA (12, p. 22-23).

Phase Period Features
Birth Polish Steelworks that is old steelworks: Katowice,.
(stage ) 2002-2003 T Sendiirlndi'ra, Florian i Cedler were consolidated
into one holding
. Polish Steelworks are overtaken by a foreign (British
Birth 2003- June capital LNM Group, which later w};s bough% by Indiar)l
(stage 1] 2006 ISPAT and renamed Mittal Steel Company.
. Capital agreement — Mittal - Arcelor. Organizational
Birth June 2006- chfnges ir% structure of the new company A%celorMittal
(stage I1I) to 2007 Poland SA.
Strategic programmes of adjustment of steel company
ArcelorMittal Poland SA to the directions of capital
Growth 2008-2009 | &roup development — gradual changes covering all areas
(stage I) of company functions. In January 2009 the company
overtakes the following production companies such as
Batory and Krolewska Plants.
The company plans to finalise the majority of adjustment
Growth 2009-2010 changes of overtaken industries to the politics of
(stage 1) ArcelorMittal group and to achieve world standards
(WCM) in different areas of activity.
Maturity According to prognosis for'm.ulated’ on the basis
(stage I) 2011-2015 of ArcelorMittal Poland SA political guidelines - TOP —

Teraz o Przysztosci (Now About the Future).

Details related to the process of restructuring of metallurgical sector
in Poland are presented in table 8.
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The leading company on a Polish market in metallurgical sector is
ArcelorMittal Poland SA. The company was founded on a base of Polish
Steel Works and as a result of key fusion of foreign capitals, these are Mittal
Steel and Arcelor. This company was used to analyse the business life cycle
(table 9).

Summary

Presented dependencies of product life cycle and technology life cycle enable the
formulation of the following conclusions:

analysis of interaction may run in a system: environment —
consumption — environment or in a system customer — producer —
customer,

concepts of new innovative solutions must concern the product

and the technology,

introduction of new solutions contributes to increase of enterprise
market value,

due to the efficient introduction of innovations an enterprise is able to
survive on the competitive and gradually more and more glutted
market,

there are no definite rules how long are the phases of life cycle
for example company’s life cycle are long and short, some companies
exist just from very beginning e.g. Krupa factories, others have been
settled recently and gradually strengthen their market position, e.g.
ArcelorMittal Poland SA, some have closed down e.g. T.KoS$ciuszki
Steelworks in Chorzow,

companies in metallurgical sector realized their functions in central
planning system (until 1989 s in Poland) and in market system (after
1989s),

in market system companies in metallurgical sector are interested in
analysis product and technology life cycle and implement new
solutions,

after the year 1992 all resources and functions of metallurgical
companies underwent restructuring and new functions were realized
e.g. product marketing.
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Chapter 1.2.

PRODUCTION MANAGEMENT OF
CONFIGURABLE PRODUCTS - CASE STUDY

OF ROLLER SHUTTERS.

RIADENIE VYROBY KONFIGUROVATEIENYCH
VYROBKOV — PRIPADOVA STUDIA ROLETY

Janusz MLECZKO*

Key words: configurable products , knowledge database, production planning, mass
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Abstract

According to requirements of the market a great number of small companies are forced to
offer a wide product variety and often to respond to the market with customized solutions. At
the same time, fast delivery of products is often a key to win orders. Recent developments
in Information Technology (IT) made available also for small companies a class of software
tools called product configurators which could be integrated with ERP systems. This paper
presents production management using a method of generating structures and bill of
materials for configurable product. Author focuses on data preparation and computer aided
systems. The method enables efficient management of a large number of product variants.
The empirical evidence suggests that, in order to exploit the full potential advantages of
product configuration, changes in the organization of process planning and support IT
systems are needed. This paper reports a case study of the implementation a product
configuration software in small and medium (SME) manufacturing enterprises. The case
study of ordering and production control of roller shutter is given.

* Janusz Mleczko, Ph.D., Production Engineering Department, University of Bielsko-Biata;
e-mail: jmleczko@ath.bielsko.pl
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1. Introduction

For a long time, firms operating in on the contemporary market have been
offering a wide variety of products, in order to fulfill the highly changeable
demands of their customers. In many industries competitiveness requires
efficient design and delivery of large numbers of product variants. One of
a kind products or a large number of fixed products often lead to excessive
amounts of design and customer specific engineering, or problems with the
management of a large number of product variants. In this paper author
presents a method for managing large product families as a configurable
product.

The utilization of configurable products requires a systematic sales-delivery
process and modeling the product family as a configurable product. Instead
of explicitly defining a set of product variants in aproduct family,
a configurable product has a configuration model that contains all (or almost
all) the information on the possibilities of adapting the product to customer
needs. Previously the primary source ofcompetitive advantage for
manufacturing companies in many industries used to be related with the
price. Therefore all manufacturing strategies were driven by approaches to
reduce the cost of products. Technological advances, in manufacturing as
well as information, have provided the impetus for changes in many
paradigms, including customer expectations. Customers have become more
demanding and want products that can meet their specific individual
requirements. Thus customization is turning out to be essential to maintain
competitive advantage in many industries (Tralix, 2001).

Producing customized products at a low cost, which seemingly is a paradox,
is the purpose of many enterprises. Instead of the mass production the mass
customization recently appeared. Mass customization relates to the ability to
provide customized products or services through flexible processes in high
volumes and at reasonably low costs. The concept has emerged in the late
1980s and may be viewed as a natural follow up to processes that have
become increasingly flexible and optimized regarding quality and costs. In
addition, mass customization appears as an alternative to differentiate
companies in a highly competitive and segmented market (Da Silveira et
al., 2001).
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This main purpose determined as fulfilling customer needs results production
in the unit and small batch. In the process of unit and small batch production
a very important aspect is the amount of time from production setup to
availability to the customer. In the that kind of production enterprises win
contracts playing with time of product availability for the customer. In such
conditions confirming orders is particularly important. Appearing the Internet
and the cooperation in B2B model was a next challenge for many enterprises.
Systems of the manufacturing became more opened and required intense IT
support. According to appropriate accuracy to confirm orders availability of
resources should be taken into consideration. For the correct production run
a company needs some resources. They are especially machinery, materials,
financial resources, information technology and human resources. One of the
main resource's attribute is its availability which is most often constrained
by many factors. In the production planning process, the main problem is to
allocate resources to orders and jobs in such way to maximize resource
utilization and shop-floor productivity as well as minimizing flow times, wastes
and costs. The full utilization of resources in practice is very unlikely by reason
of many constraints and unforeseen circumstances. So companies, particularly
SME, need IT tools efficient solving the above problem not optimal but in
the good enough way. This paper presents a case study of the implementation
computer aided management system in SME for the roller shutter
manufacturing.

2. Problem backround

Past research on product variety management explored multiple solutions to
overcome these difficulties: some scholars focused on integrated approach
for flexible manufacturing systems (Matta et al., 2001), others on product
structure and specification (Eynard et al., 2004), (Ball et al., 2008), mass
customization, part family manufacturing and group technology (GT). The
concept of Mass Customization (MC) producing customized goods for
a mass market has received considerable attention in the research literature
(Da Silveira et al., 2001). The fundamental modes of operation for mass
customization were given in (MacCarthy etal., 2003). A risk for mass
customization termed as ‘‘mass confusion”, which is a metaphor of the
burdens for the consumer as a result of attractive but probably overloaded
options was also considered (Huffman and Kahn, 1998). More and more,
small and medium-sized enterprises (SME) are using software to increase the
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functionality of their products and offerings. Variability management
of software is becoming an interesting topic for SME with expanding
portfolios and increasingly complex product structures. While the use of
software product lines to resolve high variability is well known in larger
organizations, there is less known about the practices in SME (Thorn, 2010).

Manufacturing based classification began to evolve in the 1940s. It is based
on the idea that parts do not have to look the same to be similar. Although
they may appear to be different, they can be manufactured in the same way. It
becomes possible to develop a classification system that groups parts
according to their manufacturing characteristics (Houtzeel, 2001), (Ben-
Arieh, 1998). The main problem in initiating a group technology based
manufacturing system is to group parts into families. Three methods for
accomplishing this grouping are (Tatikonda and Wemmerlow, 1992): visual
inspection, parts classification and coding, production flow analysis. As the
first step, the development of manufacturing groups requires some measure
of parts classification. There is a lot of coding and classification systems that
are now in the public domain.

Machine-part grouping problem was also considered in many publications
(Adenso-Diaz et al., 2005), (Jeon et al., 1998), (Kulkarni and Kiang, 1995 ),
(Owsinski, 2009). This issue is referred to as ” part family & machine cell
formation”, “machine part grouping”, “group technology manufacturing”.
The problem arises dividing the set of machines, into subsets and assigning to
these subsets operations, in order to optimize a production organization
quality criterion. In (Owsinski, 2009) the attempts to solve the problem with
clustering methods were outlined. Conception of product configurators are
described in literature among others in (Huffman and Kahn, 1998), (Bozarth
and McDermott, 1998). Some scholars focused on optimization data
preparing and modeling of product structure e.g. (Lamothe et al., 2006),
(Sinnema and Deelstra, 2007), (Elgh, 2008) by product configuration
process to the process through which the customer’s needs are translated into
the product information needed for tendering and manufacturing (typically
product cost, bill of materials (BOM), production cycle, etc.). The attention
management literature recently devoted to the issue of product configuration
is also related to the important software applications. Advances have been
incorporated in a new class of software products supporting the product
configuration process called product configurators. The software applications
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are dedicated to web side users, for customers collaborating in B2B systems
(Luo et al., 2008), (Slater, 1999).

To utilize commonality underlying product diversity and process variation, it
has been widely accepted as a practice to develop product families, in which
a set of similar variants share common product and process structures and
variety differentiates within these common structures (Jiao et al., 2000).
Conception of product configurators are destined for product families.

Fig. 1 illustrates the decision framework of product family design
and development along the entire spectrum of product realization according
to the concept of design domains. Based on such view, product family design
and development encompasses consecutively five domains, namely the
customer, functional, physical, process and logistics domains. Product family
decision-making involves a series of “what how” mappings between these
domains.

The customer domain is characterized by a set of customer needs (CNs)
representing segmentation of markets that demand for product families and
triggering downstream product family design mappings in a cascading
manner. The CNs are first translated into functional requirements (FRs) in the
functional domain, in which designers take into account engineering concerns
and elaborate these requirements based on available product technologies
(Jiao et al., 2007).

The mapping between the customer and functional domains constitutes
the frontend issues associated with developing product families. Such
a product family definition task is always carried out within an existing
product portfolio and manifests itself through those common practices
of order configuration and sales force automation.

Product family design solutions are generated in the physical domain by
mapping FRs to design parameters (DPs) based on the shared product
platform.

This stage involves typical decisions regarding product family design
and configuration. At the front-end, the product portfolio articulates detailed
achievement of customer satisfaction in the customer domain in the form of
specifications of functionality in the functional domain. On the other hand,
the main focus of platform-based product family design is the technical
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feasibility of DPs in terms of fulfilling the specified functionality (Jiao et
al., 2007).

Fundamental Issues

N e—

Front-End Product Family Back-End
Issues Design Issues

i i Logisti
Customer | . | Functional | o | Physical | p ... | Process Supply ogistic

Domain | portfolio Domain | piatiorm | Domain | piattorm | Domain | piatform Domain

Customer Functional Design Process Logistic
Needs i Parameters Variables Variables
(CNs)

Manufacturability ~Resource Allocation
Customer Satisfaction Functionality ~ Technical Feasibility Costs Y Supply Contracts

L )\ J \ J\
Y Y | Y

Product Definition Product Design Process Design Supply Chain Design

Fig. 1.: A holistic view of product family design and development
(Jiao et al., 2007).

The back-end issues associated with product families involve the process and
logistics domains, which are characterized by process variables (PVs) and
logistics variables (LVs), respectively. The mapping from DPs to PVs entails
the process design task, which must generate manufacturing and production
planning within existing process capabilities and utilize repetitions in tooling,
setup, equipment, routings, etc. Corresponding to aproduct platform,
production processes can be organized as a process platform in the form of
standard routings, thus facilitating production configuration for diverse
product family design solutions (Jiao et al., 2000)). Since then main concern
in the process domain is manufacturability and cost commitment, process
design is the de facto enabler of mass production efficiency. (Jiao et
al., 2007)

The paper is structured as follows. First, the studied problem is shortly
described, providing information about product customization, B2B
business. Then, a description of the products family and the logic that is
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followed in generating product variants is provided. Then, the main product
configuration-related problems faced by the company are discussed. Next
description of the main solutions the company envisaged in formalizing its
product knowledge and then the changes in the operational management
processes and in their performances are discussed. Finally, some concluding
remarks are made.

3. Problem formulation

In this case study conducted manufacturing in a small enterprise two goals
were included. The first goal is defined as data requirement for configurable
products in B2B. The second goal is defined as operational management inside
enterprise. The paper focused on the mapping of the activities affected by
product configuration before and after the implementation of the product
configuration software.

A process of the preparation and automation data for production
management of configurable products is also discussed.

To solve the problem a reply to the following question is performed:

e  What data for configurable products are needed ?

e What data and what algorithms are necessary for the automatic
process of generating production documentation for configurable
products?

e What knowledge bases to extend the ERP system for the production
of configurable products is necessary?

e Whether it is possible to create the operation production plan

for configurable products based on features of the family of products
?

Effective company management requires the right quality data that can be
provided by integrated information system. Therefore, the large number
of SME have decided to introduced ERP class system although they have
recognized that the implementation process is difficult and expensive.
However, the alternative solution cannot be easily found (Jacobs
and Bendoly, 2003). In the majority of companies the introduced ERP
systems were not fulfilling expectations in the area of operational production
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control. So, companies need efficient tools of decision-making process which
could work in “on line” mode.

Such the formulation of the problem serves to emphasize its decision-making
nature. Generating bill of materials and routes basing on features of the
family of the product is one of main purposes.

The product configuration problem can be formally described as follows:

Definition 1. A configuration problem (€P) is formulated as:

CP:={C,P,Cr,R) (1)
where:
c — set of components that may constitute a customizable
product;
P — set of properties of components;
Cr — set of constraints imposed on components due
to technical and economical factors.
R —  set of customer requirements, which are usually

specified in the forms of constraints.

Definition 2. A configuration Solution (£5) or a configuration is defined as:

C8 = {LV, 5} 2)
where:
I — set of individuals, which are instances of components.
4 — set of values, which are assigned to properties
of individuals.
S —  Boolean function defined as :
5:{Cr,R} = {T,F} 3)

The assignment of I and ¥ makes the expressions Cr and R true.

Definition 3. A configuration engine (C¢) is a function that maps
a configuration problem &P to a set of configuration solutions €s:
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Ce : {CP} — {a finfte set of CS} ()

Definition 4. A data preparation engine (2FE) is a module that maps
a configuration engine (Ce) to sets of BOM and route of production process.
It consists from two functions data preparation engine for BOM (DPEgowm)
and data preparation engine for route of production prosess (DPEgpp):

DPEggy ¢ {Ce) — {a finite set of BOM} 5)
DPEppp : {€e) — {a finite set ef RFP} (6)

Definition 5. Bill of materials (BOM) is a list of the raw materials, sub-
assemblies, intermediate assemblies, sub-components, components, parts and
the quantities of each needed to manufacture a final product (Reid et al.,
2002).

A BOM can define products as they are designed (engineering bill
of materials), as they are ordered (sales bill of materials), as they are built
(manufacturing bill of materials), or as they are maintained (service bill
of materials). For configurable products CBOM is applied. A configurable
bill of materials (CBOM) is a form of bill of materials (BOM) used by
industries that have multiple options and highly configurable products. The
BOM should involve three aspects:( Jiao et al., 2007)

1. Items: the way in which a product is built from purchased parts and/or
semi-finished products.

2. “Goes-into” relationships. A goes-into relationship is a relationship
between a particular parent and a particular component. A BOM may
contain several goes-into relationships, all with the same parent
product. All goes-into relationships, together with items, form a
hierarchy representing the product structure.

3. Employment: In practical applications, the BOM takes various forms.
From different perspectives of business functions, the content and
construction of BOM will be different.
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4. SOLUTION

According to Fig. 1. the solution of the problem is presented as three issues:
front-end issue, product family design and back-end issue. First,
an illustrative example is presented.

4.1. Ilustrative Example

The examples in this paper is the customization and production of product
families: roller shutters manufactured in SME.

The company’s offer includes dozens of window covers’ group products in
interior and exterior systems, including: horizontal, vertical, rolled
and pleated. Furthermore, the company as a producer of components
to window covers offers a wide scope of details made of plastic, aluminum,
steel and wood. Modern, fully automated machine park allows us to maintain
the highest, repeatable quality of ready-made element (www.anwis.pl, 2010).

Fig. 2.: Roller shutters (www.anwis.pl, 2010)
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“The care about the functionality, design, use of modern materials as well as
the realization of products made for individual order gives our Clients the full
comfort and unlimited arrangements possibilities”(www.anwis.pl, 2010).
Roller shutters are one among many of family products (Fig. 2). In Tab. 1. is
given technical specification of roller shutters.

Tab. 1.
Technical specification and features of roller shutters (www.anwis.pl, 2010)

PA 39 39,0 9,0 2,80 2800 3000 6,0
PA 41 41,0 8,5 6,83 3800 4200 8,5
PA 45 45,0 9,0 3,00 2900 3500 6,5
PA 52 52,0 13,0 3,50 3700 3800 8,0

4.2.  General conception of presented solution

Given a set of predefined components, the task of product configuration is to
find a configuration solution satisfying individual needs of customers without
violating all constraints imposed on components due to technical and
economical factors. Configuration models describing all legal combinations
of components include knowledge about the structure of products and
knowledge about technical and economical constraints. Additionally, user
requirements can be specified in the form of constraints, such as constraints
on properties of a component.
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Fig. 3.: General conception of presented solution

Using a problem-solving technology, configuration engines perform actual
inference processes with both configuration models and user requirements as
the inputs and then generate a configuration as the output. A configuration
(or configuration solution) consists of the component individuals, the
assignment of values to properties of these individuals and the connection
relations among components such that all constraints and customer
requirements are satisfied. The architecture of a product configuration system
and integration with management information system is shown on Fig. 3.
System consists from following elements: interface for B2B partners,
configurator model, configurator engine, data preparation engine, ERP
system and alerter software.

4.3. Front-end issue

Currently, the front-end issue mainly focuses on interface for B2B partners.
Think of configurable products as made-to-order products dynamically
developed last years. An Internet created new possibilities for submitting
orders directly by the customer. However, building the knowledge base for
configurator is a real challenge. Not all companies in the business of roller



NEW ASPECTS OF MANUFACTURING ORGANIZATIONS’ DEVELOPMENT

shutter managed to cope with that problem. A configuration of products
based on the customer's requirements and defining requirements “a priori”
are the point issue. The next problem constituted into the interface
for submitting orders. The interface must be clear, transparent, dynamic,
graphical and in correlation to changeable requirements. (see Fig. 4.)
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Fig. 4.: Interface of product configurator

For a better idea on how a product configurator works, imagine
at the following shopping scenario:

1.

A customer navigates through an electronics online catalog until finding
a roller shutter that he is interested in. At this stage a search engine of
products is needed.

Since the chosen product is a dynamic kit, it needs to be configured
through an configurator.

The customer selects the “Configure” link (or a similar link) to interact
with the configurator (see more in (www.rekord.com.pl, 2010)). This
interaction may be as simple as answering a series of questions or as
complex asmanually selecting detailed configuration options
for the product. At this stage interface of configurator plays an important
role.

When the customer has completed the interaction, the configurator
returns a bill of materials that represents the grouping of items that make
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up the fully configured shutter. The customer can then decide to add this

configured computer into the shopping cart.

The order is sent to the company by web page.

6. The company is confirming the order. The confirmation is visible on the
web page. There is also sent alert about confirming or rejection the
order.

e

4.4. Product family design
4.4.1. Configuration model

A configuration model is based on an analysis of the product to be modeled.
First thing what user need to do is specifying attributes for the configurable
products, like colour, size, kind of drive, etc. Therefore the modeler should
have a good understanding of the product. The product should be modeled by
product experts in the product development process. The configuration model
is an abstraction of the real world product family that is specifically meant
for configuration purposes. For example, it may suffice to model the different
types of electric motors for rolling shutters as simple phantom (configurable
module) and use it repeatedly in many structures. When kind of the drive
(manual or electric) is configured, it is enough to decide the type of the
engine.

Fig. 5.: AND/OR graph representation of configuration space
(Zhou Jeon et al. 2008)

A dependence of structures in configurator is a next problem. The main
requirement for modeling is subjective and requires both practice and good
understanding of the product to be modeled and of its usage. It is also
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evident that different needs lead to different models of the same product. So,
modeler must configuration space create.

In this case was implemented solution on the basis AND/OR graph
representation (Zhou Jeon et al. 2008). As shown on Fig. 5., configuration
space is represented as a AND/OR graph with the root indicating product
family (PF on Fig. 5.). The product family is composed of possible
configuration solutions P = {P,R,...F,] with AND relation. Each solution
F;|wie[1,N] could be derived through configuring the configurable modules,
M = {My, My, M)

Each configurable module A;|¥ie[1,K] may possess several available module
instances Mj, = {CAyy, CAygs ... CAg, ] With OR relation, among which, one and
only one instance can be selected for a certain configuration solution. While
customers always purchase products according to product performances, each
module instance is characterized with corresponding product attributes
A = {ag,), and their values p = {d, .} where &, indicates the " value of the ¢"
attribute associated with the £ module.

Besides the hierarchical relations among these compositions, there are other
relations needed to be considered due to their influence on product
configuration. They are exclusive and inclusive relations, which could be
used to check whether there are conflicts involved in configuration solutions
thus enabling to rule out the infeasible solutions in configuration solving.
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Fig. 6.: Implementation of “AND/OR graph” in PDM module for roller shutter
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In the configuration space, the inclusive relation between two compositions
implies that when one of the compositions is included in a configuration
solution, the other one should also be included. The inclusive relation can be
represented as the “if-then” rule: if €; = py then €; = p;y, where C; and C; refer
to modules (or attributes) while py and p,; module instances (or attribute
values) associated with Cand ¢, Inthe configuration space, the exclusive
relation between two compositions means that these two compositions are not
allowed to coexist in the same configuration solution if €; = py then €; = py,.
In this way, the configuration space provides a straightforward way of
combining module instances with higher efficiency and form the basis
of configuration design for roller shutters manufacturing.

4.4.2. Implementation in software

Implementation of “AND/OR graph” in REKORD.ERP is shown on Fig. 6. It
gives an example of product family structure for roller shutter. Because there
1s a many of possibility for modeling the family of products it is hardly
possible to choose the optimal variant. Unfortunately, in practice a big
experience of the modeler is required. He must divide what components will
be item, what will be configurator with “OR” relation, what will be
configurator with “AND” relation and what will be an exception (exclusive
relation). Additionally he should build the knowledge base for automatic
selections of some parameters e.g. automatic type of the drive depending on
the load. (Fig. 7.)
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Procedure
electric_motor_assortment

CREATE OR ALTER PROCEDURE
DP_SILNIK_SPREZYNA (
kategoria char(3),
rok smallint,
symbol varchar(10),
Ip char(3))
returns (
indeks_silnika varchar(32),
indeks_sprezyny varchar(32),
opis varchar(90))
as
declare variable producent
varchar(32);
declare variable rodzaj_napedu
varchar(32);
declare variable Spos_zabez
varchar(32);
declare variable szerokosc double
precision;
declare variable wysokosc double
precision;
declare  variable  kgm2  double
precision;
declare  variable z1_kg double
precision;
declare variable z1_obciaz double
precision;
declare variable rodzaj_spr
varchar(32);
declare variable profil char(3);
BEGIN
/* parametry pod elektryczne */
if (:profil = '390') then KGM2 = 2.8;
if (:profil = '410°) then KGM2 = 6.83;
if (:profil = '450') then KGM2 = 3 ;
if (:profil = '520') then KGM2 = 3.5;
if (:profil = '521') then KGM2 = 4.75;
if (:profil = '800') then KGM2 = 6.88;
if (:profil = '770') then KGM2 = 6;
select first 1 f_copymid(indeks,9,3)
from m_Zamobcepoz zk

where
zk. KATEGORIA=:KATEGORIA  and
zk.SYMBOL=:SYMBOL and
zk.ROK=:ROK and zk.LP=:LP
into :Profil;

if (:profil = '390') then KGM2 = 2.8;

select first 1 ind_zam from
m_ZamobKonfig zk join m_KimWsp
kw on zk.ind_zam=kw.indeks
where
zk. KATEGORIA=:KATEGORIA  and

zk.SYMBOL=:SYMBOL and

zk.ROK=:ROK and zk.LP=:LP and

zk.indeks like "VZG-1-17-4-PRODN%"
into :PRODUCENT;

select first 1 ind_zam from

m_ZamobKonfig zk join m_KimWsp

kw on zk.ind_zam=kw.indeks

where
zk. KATEGORIA=:KATEGORIA and
zk.SYMBOL=:SYMBOL and

zk.ROK=:ROK and zk.LP=:p and

zk.indeks like "VZG-1-29-0-SILOW%"
into :RODZAJ_NAPEDU;

select first 1 ind_zam from

m_ZamobKonfig zk join m_KimWsp

kw on zk.ind_zam=kw.indeks

where
zk. KATEGORIA=:KATEGORIA and
zk.SYMBOL=:SYMBOL and

zk.ROK=:ROK and zk.LP=:Ip and
zk.indeks like "VZG-1-13-%-SPZAB%"
into :SPOS_ZABEZ;

select first 1 wymiar_1 , wymiar_2
from D _ZamobKonfig zk where
zk. KATEGORIA=:KATEGORIA  and
zk.SYMBOL=:SYMBOL and
zk.ROK=:ROK and zk.LP=:Ip

into
:SZEROKOSC,:WYSOKOSC ;

Z1_KG =
WYSOKOSC*SZEROKOSC*0.000001
*KGM2;

if(SPOS_ZABEZ= 'VZG-1-14-0-
BRAK')

then Z1_OBCIAZ=Z1_KG*1.2;
else Z1_OBCIAZ=Z1_KG*1.2+5;

/* dobor silnika */

select first 1 IND_MAT, opis from
D_MATKONFIG where
Ind_zam_sil=:RODZAJ_NAPEDU and
Ind_zam_prod=:PRODUCENT and
:Z1_OBCIAZ < OBCIAZ_DO AND
:Z1_OBCIAZ >= OBCIAZ_Od

and :SZEROKOSC between
Szer_od and Szer_do and dostep='T'
order by kolejnosc into
:INDEKS_SILNIKA ,:opis;
suspend;

END

Fig. 7.: Example of knowledge

database procedure
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4.5. Back-end issue

The orders from customers have been divided into 3 groups: orders for not
configurable catalog products, orders for catalog configurable products,
orders for configurable products with the option of specific requirements.
Production management for the first group is in line with standard procedure
and is not usually a problem. For management in the next two groups, it is
necessary to use the configurator engine. Customization of the configurator
engine and data preparation engine are the point of the problem.

4.5.1. Orders for catalog configurable products

So, modeler’s task consists on determining what should be an identifier of the
product (ID) what configuration of "or/And" type and what components
should be exceptions. It is particularly essential because of a huge amount
of possible combinations at creating variants. So, inexperienced modeler can
cause the failure in implementing the method. In the general case the number
of the option is:

A" AT L AT (7)
where:
Ay.-4 —  are nodes of the configuration,
L — 1s an amount of nodes and
.. X — are amount of possible selection in individual nodes.

In the traditional approach product IDs for each of the selection options are
built. (Fig. 8). Then, for every of the ID documentation is prepared and
forwarded to the ERP system. In spite of practicing copying from models this
process is very laborious and slower delivery time for customer. In the case
of that kind of products such an approach isn't acceptable. The alternative
approach requires to apply the data preparation engine (DPE) (Fig. 10.).

The problem of denoting ID is particularly important because of integration
with widely used ERP systems. In the ERP class system ID is unfortunately
necessary both for sales systems, MPS and BOM and another modules.
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Pre?aréﬁiun
the manufacturing process
(BOM and route)

]

Standard ERF data

Conf_igurator_ Engine Creating e
(maping requirements identifier of the
into orders and ERP product for every

input data) configuration
BOM for the RouSiet e
manufacturing
order
Configurator data process

‘ j :
Manufacturing documentation

(Jobs)
Orders

Fig. 8.: The data flow for the catalog configurable product — scenario no 1.

If the company doesn't have ERP system adapted for managing
the production of configurable products then the only solution is to build
a unique product ID for chosen by B2B partner configuration options.

Creating the ID of the product takes place every time at accepting the orders.
Creating “a priori” databases of ID is practically impossible. It results from
the amount of possible ID. Let's try to count the number of ID for the roller
shutters. For the roller shutters parameters for configuration were shown on
Tab. 2.



Tab. 2.
Basic parameters for configuration (basic) for roller shutters.

PA System {39, 41, 45, 52} 4 Sytem  determines the width

of the profile.

Width dimension From 300 to about Maximum roller width depends on
3800. From 3500 the PA system. For example, for PA
technical reasons = 39 is equal to 2800 and for PA =
producing rollers 41 is equal to 3800.
with width every
1 mm are
possible.

Height dimension From 300 to about Maximum roller height depends on
4200. From 3800 the PA system. For example, for PA
technical reasons = 39 is equal to 3000 and for PA =
producing rollers 41 is equal to 4200.
with height every
1 mm are
possible.

Colour of profile {brown, dark About Parameter values depend on the
brown, blue,....}, 12 or supplier of profiles. It is possible
full range of RAL 1000 also to paint profiles to the any RAL

(for colour
painted
profiles)

Colour of box {brown, dark About Parameter values depend on the
brown, blue,....}, 12 or supplier of profiles. It is possible
full range of RAL 1000 also to paint profiles to the any RAL

(for colour
painted
profiles)
Kind of drive {manual  using 4 The kind of the drive has a very

the tape, manual
using the handle,
manual using the
twine, electric}

strong influence on the hierarchical
structure of the model
configuration.

After choice of the kind of the
drive the tree of the configuration is
separating in distinct branches
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Tab. 2. (continued)
Basic parameters for configuration (basic) for roller shutters.

7 Colour of visible | {brown, dark | Between | For electric drive there is no visible
elements of drive brown, blue,....}, 0 and elements,
100 For manual drive parameter values

depend on the supplier of elements.
For example the tape can have
practically every pattern.

8 | ...... Depending on the type of roller can
occur up to 18 nodes
of configuration

The amount of possible product ID has been counted (only for basic
options) according to formula 7, and is equal
to: 4x3500x3800x1000x1000x4x100 ~ 2,1 E+16.

Use so built ID would require a very expensive and efficient computer
system. In SME such an approaching is possible only for simple products. In
most cases, at accepting the orders options of choice are rather described than
a product configurator is used.

Another radically different approach is to use only one ID for the entire
family of products. Such an assumption significantly complicate
the formation of price list and structure of dependences on the configuration
hierarchy.

Considering above limitations the following structure of ID was suggested.
Denoting the representative of the family of the product was divided in 2
sections: typical ID and stored separately outside the ID configuration
features. For the roller ID consists from 4 sections.

(see Fig. 9).
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Section 1 Section 2 Section 3 Section 4

Xi| Xo | Xs|=| Y| Yo|=| Z1 | Z2|=| A1 | A2 | As | A4

X4 X2 X3 - type of product family A1 Az A; Ay — essential features
YiY2 -range of width dimension
212> -range of height dimension

Fig. 9.: Sections of product ID

Example
HBR-10-10-3900

means: HBR roller shutter type, dimensions: width from 990 to 1000,
height from 990 to 1000, profile 39, electric drive;

HBR-10-10-3901

means: HBR roller shutter type, dimensions: width from 990 to 1000,
height from 990 to 1000, profile 39, manual drive.

Other product features are included in the configuration table. In addition to
the configuration table, there is also the table of exceptions. Use the table of
exceptions simplifies the building of a hierarchical structure
of the configurator. Appearing cross-dependencies in the configurator are
eliminated by a table of exceptions.

Having the ERP system adapted to managing configurable products it is
possible to apply the solution presented on Fig. 10. Using data preparation
engine (DPE) is a crucial element the production management.
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Fig. 10.: The data flow for the catalog configurable product — scenario no 2.
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11.: Template report of manufacturing process
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The data preparation engine is used for the mapping of features
of the configuration to the BOM and the route of the manufacturing process.
Unfortunately, this approach requires a knowledge base. It is true that the
preparation of the database is laborious but manufacturing data are
generated automatically.

Preparation of production documentation is to build report templates
(Fig. 11.) and then fill them by the data prepared by the DPE. In the first
stage DPE calculates the value of BOM and route and in the next stage
inserts the value of the technological parameters to the prepared report
templates. On Fig. 12. report with manufacturing process with order’s data
was shown.
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Fig. 12.: Report of manufacturing process with order’s data.

Example implementation of DPE in the computer system is shown in Fig. 13.
There are 3 main sections: ID of raw material or semi-product section,
conditions and formula section and amount of raw material section.
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1 Edycja formuty do normy materialowej . | B =
“« <« » » + B - [ .fl. WidZ
Kod dormuty Zlecenie do testow
RYGIEL PS2-2009-12433-004
Opis formuty
Dobér rygla
Definicie parametiéw | Definicie pozycii surowcowych
Nazwa [ LZ Edycja pozycji formuly ==
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<] ¢ 2 Testy
[ |
Woynik makra
Fig. 13.: Implementation of DPE for BOM.
4.5.2. Orders for configurable products with the option of specific

requirements

For products from a group of configurable products with the option
of the specific requirements the production management process is more
complex (see Fig. 14.). The use of DPE is only one of the first stages
of production management. User of computer system operates on the results
of DPE. An operator makes changes to the pre-created by the DPE BOM or
route of the manufacturing process. The user also makes agreeing as for
technical possibilities and price of implementing specific requirements. Then
finally an order is confirmed. After making changes data is redirected to ERP
where the standard support follows.
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Fig. 14.: The data flow for configurable product
with the option of specific requirements

4.5.3. Resource constraints

Standard methods of planning and controlling the production may have
limited applying only. A lack of the appropriate quality of data is a reason of
limitations at the stage of accepting the commission. Since the BOM and
route data are provided by DPE so the standard procedure of balancing
resources has nothing to work with. In this case applying Theory of
Constraints (TOC) assumptions is a good enough solution. In TOC
monitoring the bottleneck is a key issue. Basing on the load of the bottleneck
scheduling dates of confirming orders and the realization of the
manufacturing process is possible (see Fig. 15.).
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Fig. 15.: Monitoring the bottleneck

Key to the whole planning process and confirmation orders is to monitor the
overload of a bottleneck (Fig. 16.). Data on loads are shown on this screen.

This screen is literally monitor 46" visible to all employees of the sales
department. It looks like the screen on the air terminal departure hall. On one
pivot are visible bottlenecks (group of manufacturing various products). The
second axis is the timeline. In this case, it is aggregated into the daily
arrangement. On crossing the pivot a daily load for the bottlenecks are
visible. Additionally with colours exploiting the availability was emphasized.
The colour red means exceeded availability, purple availability from 100 to
90 and so on. These limits result from the current availability and it is
possible to control them.
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Fig. 16.: Screen with the visualisation of loads for bottlenecks

In a bottom of the screen are given the contracts for which limits have been
exceeded. The order of viewing orders is not accidental, it is a set ordered
according to the date of the last request (final changes of the data in the
computer system). In view of such a setting, employees of the sales
department can quickly find the "guilty" of such excess. In this case operator
— the salesman must move dates of the order or split it to smaller fragments
or make agreeing with the production department. In the case of important
orders the work on the bottleneck takes place in overtime.
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Fig. 17.: Screen simplified for the B2B partners

Another issue is the screen for production control department. Head
of production department will use exactly the same screen, but it needs to put
the information about the realization of so far accepted orders. Such
an arrangement lets the configuration of parameters for shaping
the appearance of the window depending on needs for users. Considered is to
show the schedule for B2B customers in the web page with access
to separated information. Not always, the company will want to share
information about their current load. The client could use it as an argument in
price negotiations. Shown a productive capacity can find only these dates
which time offs have. Also can be blocked accepting of the term of the
contract with the date that the buffer is less than a preset time. It means that it
is possible to apply the principle of "up to 5 days we will process all orders
the target customer". It also may also be shown inthe B2B information
system. Does not allow to accept the orders of the dates below "today+ 5.
The appearance of the screen for B2B partners is showing Fig. 17.

4.5.4. Production control

Optimal arranging and scheduling tasks is one of the most important
problems of production control. The production cycle consists of, among
others: the processing time and setup time. Despite using modern
management techniques e.g. SMED (Single Minute Exchange of Die)
technique, in the conditions of unit production in SME, setup time is
significant. In the examined companies of the SME sector the relationship
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between setup time to processing time is still high and amounts from a few to
several per cent of the processing time. The above research inspired
the author to prepare a method of setup time based on the similarity
of the parts. In order to do this a classifier of a new kind was introduced — the
classifier works at the level of process in the operation production plan. The
objective of the classifier is to aggregate process into organizationally similar
groups. It allows production tasks inside groups: in sequences, without
changeovers or by significantly shortening the setup process.

[ Start )
ERP data } _[—> Identification of bottlenecks
\ Reduction bottlenecks by
[ The bottienecks | the method of the
| after the | - ; s,
\ ; | exchange of routes (_ Finish
reduction \ . =
variants
Parameters of | \} ’ . [ ) i
S [ Detailed analysis of the Simulation data |
machinesin | . i .
works in bottlenecks |
bottlenecks

o
l 1
Preparation data for

Dynamic classification of the'simulaticn

tasks in bottlenecks

.

Sequencing groups [ Operational ‘
organizationally similar | production plan | |

Fig. 18.: Conception of dynamic classification tasks.

The above classification is based on features of tasks having influence
on changeover times and optimization of tasks arrangement. Using
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the standard classifiers, used for Group Technology (GT), for this purpose
is not sufficient and in some cases can be harmful.

The principled conception consists of applying a computer system
consisting of three elements (see Fig. 18.):

1. ERP class system - collecting primary data about the product
and production plans (e.g. orders from customers, the database
of machines and devices, routes of production process, the workers
and their qualifications),

2. module of grouping and arranging tasks and operational controlling,
working in an ,,on line” mode,

3. module of the simulation being an element of the digital factory -
working in a periodic — “off line” mode. This module is destined
for the periodic verification of the method.

Focusing on the work bottleneck and improving it is the essence
of this approach. This approach corresponds with the assumptions
of the theory of constraints (TOC) (Goldratt and Cox, 2002), (Davies
etal., 2005). Increasing the productivity of the bottleneck follows
from the dynamic classification of tasks in the operational production
plan.

A periodic simulation of the bottleneck is an additional element providing
the effectiveness of the method. Using the tools of simulation
in the "on line” mode demands the purchase, by enterprises, of such
systems. At present costs of the license are too high for this approach. So,
applying the periodic mode is a good enough solution. Automatic data
preparation through the module of middleware is additionally improving
the method. Optimization of the daily production plans is based on two-
level division of scheduling and arranging tasks. The first step is
scheduling backwards without balancing the resources (Figure 2). It
allows the system to find bottlenecks. The next step is to focus
on the bottlenecks. It is possible to reduce bottlenecks through
the exchange of process’ alternatives. The third step is scheduling
backwards with balancing the resources. As a result of this action we
receive our daily work plan. The further processing is applied to operation
plans from the nearest period in the sets of tasks for the given workstation
group — the machine group. The length of the period depends
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on the production type and on the articles produced. In the examined
enterprises, in regard to the conditions of unit and small batch production,
the period of processing assumes values from 1 to 5 working days. Tasks
of the operational production plan were subject to grouping. As a criterion
of grouping the most crucial features from the perspective of changeover
time were assumed. After task grouping the group is manufactured
without a division into fragmentary tasks. With such an arrangement
the preparation-finishing times are shortened.

This results not in the effect of implementing tasks in the first day
of the next day round but in the arranged groups. As a limitation
to the assignment to groups the organization parameters were assumed,
such as the delivery time, the task priority, customer code and operation
release. The assumption of limitation disturbs the schedule of tasks
in a way which does not give side effects in the form of lengthening
the cycle of some orders — while the effect of aggregation results
in a reduction of work consumption mainly on the side of changeovers
times. The fact of introducing the positive feed-back into the system leads
to fast consideration of disturbance (in plus or minus) in the next day
schedule.

The basic element of the above method is defining features of the article
which have an impact on the changeover times. The above features are
defined from the perspective of workstations and process production
operations.

For example, for the varnishing line, the major influence
on the changeover time is the colour of the varnished elements.
Regardless of shape (which does have an influence on the processing
time) if in the set of tasks there are elements painted the same colour then
the line will not be rearmed. Using the standard construction classifier
in this case — where the subject of classification is an element and not
the operation can have unwanted effects. The groups would be created
for elements of the same kind.

When designing the production process we do not know in what sequence
the elements will be made and as a result we assign the full setup time
in the base. While, if we arranged the tasks properly we could lower
the setup times to a greater extent. Preparation setup times cannot be
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lowered to zero but let us assume that we are able to assess the lowering
of setup times for the remaining elements which constitute such
a prepared group.

The assignment into the groups is not limited. The basic limitation is
the demanded production time. The group cannot consist of too many
elements because while performing the tasks for the whole group we
perform them faster than is needed and we absorb the resources. Although
we shorten work consumption we lengthen the unit production time. We
are searching for an optimum in a multi-criterion optimization
of the length of cycles, work consumption and production costs. In fact,
the process of classification itself has a dynamic character which depends
on the organizational conditions. Creating such groups in a manual way
would not be useful either, which is why it requires IT support.
This method could even be named as semi-automatic one.

5. Conclusions

Managing product families consisting of a large set of product variants
as configurable products requires defining a configuration model.
The author presented a conception for configuration models and gave
short guide on using the concepts. The concepts and modeling guidelines
for them were validated with success in SME for roller shutter.
Information system support is necessary for modeling products,
particularly for configurator available in the Internet for B2B partners.
Modeling sets new requirements for the designer. In addition to having
a good understanding of the product, a designer should be familiar
with object oriented modeling. The main benefit there would be improving
communication within the product development team and to other
functions of the company, e.g. salesmen. The benefits also include the use
of the knowledge database additional functions, structure and the related
design constraints during the product development. Product configurator
adapted to the ERP system management and B2B partners interface is
the key to success in the implementation of the method in the production
practice.
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Chapter 1.3.

PROGRESIVNE PROJEKTOVANIE PRACOVISK

PROGRESSIVE WORK PLACE DESIGN
Branislav MICIETA', Cuboslav DULINA?

Klucove slova: ergonomia, detailné projektovanie pracovisk, clovek, praca

Abstrakt

V Struktiure predmetu skumania ergonomie je na prvom mieste clovek. Z toho vyplyva, Ze
ergonomické zdsady projektovania pracovisk a pracovného prostredia su zamerané na
vytvorenie ¢o najlepsich podmienok pre zamestnanca v pracovnom procese. Detailné
projektovanie pracovisk je v priemyselnych podnikoch stdle viac Ziadané. Vyplyva to nie len
z dovodu zlepSenia pracovnych podmienok, ale aj z dévodu prepojenosti zdravotnych
aspektov pracovnej cinnosti na ekonomické faktory a produktivitu. V ¢lanku je popisany
komplexny postup pre ergonomické projektovanie pracovisk tak, aby boli pri zvysovani
produktivity prdace reSpektované zasady jej humanizacie. Zvladnutie komplexného
ergonomického pristupu v projektovani pracovisk nasledne otvara priestor aj pre aplikaciu
progresivnych ndstrojov v oblasti digitalneho podniku, ktoré pomoézu tento postup zrychlit,
zefektivnit ale tiez lepsie vizualizovat z pohladu propagacného ale aj vyznamového (detekcia
kolizii a pod.)
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1. Projektovanie pracovisk

Proces projektovania pracoviska je mozné zhrnut do Siestich zakladnych
okruhov ¢innosti (Obr. 1).

Stanovenie optimalnej velkosti
pracovného priestoru

Urcenie optimalnej hodnoty
zakladnych rozmerov pracoviska

Navrhnutie optimalneho usporiadania
pracoviska

Navrh prvkov ovplyviujtcich
mikroklimatické podmienky na
pracovisku a podmienky pracovného

Navrhnutie oznamovacov

a bezpecnostnych prvkov pracoviska

Estetické rieSenie pracovného
priestoru

Obr. 1.: Okruhy projektovania pracovisk
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V suvislosti s projektovanim pracoviska ajeho celkového pracovného
priestoru v zmysle ergonomickych zasad ovplyviiuji jeho tvorbu najmi
nasledovné faktory:

rozmery l'udského tela, a moZnosti pohybu jednotlivych casti tela,
pocet zamestnancov,

faktory tykajuce sa uzivatel'a (vek, pohlavie, fyzicka zdatnost’ ...),
bezpecnostné a hygienické predpisy, smernice, nariadenia,
psychologicko-fyziologické informécie,

nutna dizka pobytu v priestore,

Castost’ pouzivania priestoru (vplyv Skodlivin na ¢loveka),
charakter vykonéavanej pracovnej ¢innosti v priestore,

pracovna poloha,

vybavenie pracoviska.

2. Stanovenie optimalnej vel’kosti pracovného priestoru

Pracovny priestor je definovany ako vymedzena Cast’ priestoru, v ktorom
zamestnanec alebo pracovna skupina vykonava svoju &innost. Cim lepsie je
pracovny priestor prispdsobeny predpokladanej praci Cloveka, tym vysSia je
aj kultara a produktivita jeho prace.

Velkost' atvar pracovisk su obvykle velmi rozmanité. Zavisi to od
konkrétneho charakteru vyrobného procesu.

Z hladiska velkosti, tvaru a usporiadania rozoznavame a posudzujeme
v pracovnom priestore tieto kategérie ploch:

zékladnu strojovu plochu — plochu na ktorej je umiestnené strojové
zariadenie,

plochu na skladovanie materialu,

plochu na dopravu materidlu (dopravné cesty),

plochu na manipulédciu (najmé na medziopera¢nit manipulaciu),
plochu na pripravu pripravkov a nastrojov,

plochu na udrzbu a opravy.
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RieSenie pracovného priestoru a pracovného zariadenia musi byt také, aby
nedochéadzalo k zbytocnému alebo nadmernému namahaniu svalov, kibov,
viazov, dychacieho aobehového systému. Silové poziadavky musia byt
vo fyziologicky prijatelnych hraniciach. Telesné pohyby by mali mat’
prirodzeny rytmus. Poloha tela, uplatiiovanie sily a pohyb tela by mali byt
vo vzdjomnej harmonii.

Pracovné miestnosti musia mat’ dostatocnti podlahovu plochu, vysku a volny
priestor, aby sa zamestnancom umoznilo vykonavat’ pracu bez ohrozenia ich
bezpe¢nosti, zdravia alebo pracovnej pohody. Rozmery vol'ného
neobsadeného priestoru sa musia vypocitat tak, aby umoznovali
zamestnancom dostato¢ntl vol'nost’ pohybu pri vykonavani ich prace. Ak to
z osobitnych dovodov nemozno dosiahnut na pracovisku musi mat
zamestnanec zabezpeCeni dostatocni volnost’ pohybu v blizkosti svojho
pracoviska. Jednotlivé plosné vymery nemozno vzdy jednoznacne ohranicit’,
pretoze v priebehu vyrobného procesu nastava prelinanie jednotlivych
¢initelov a prvkov celkovej plochy pracoviska. Minimélna vymera velkosti
plochy a priestoru pracoviska je stanovend v normdach a hygienickych
predpisoch (d’alej uvadzam hodnoty, ktoré st v zmysle platnych noriem na
uzemi SR). Pre jedného zamestnanca ma byt’ na pracovisku vol'na podlahova
plocha minimalne 2 m* okrem zariadeni a spojovacej cesty. Sirka volnej
plochy na pohyb nema byt v ziadnom mieste z(Zzena na menej ako Im.
V zévislosti od vyrobnych pochodov mdze hygienicka sluzba urcit aj
poziadavku na vac¢si vzdusny priestor a va¢siu vymeru podlahovej plochy. Na
jedného zamestnanca musi pripadnat’ vzdusny priestor najmenej podla
tabulky 1. Velkost vzdusného priestoru pripadajuceho na jedného
zamestnanca zavisi od zvolenej pracovnej polohy.

Tab. 1
Velkost’ vzduSného priestoru pripadajiiceho na 1 zamestnanca
praca v sede 12
praca v stoji 15
tazka telesna praca 18

Svetla vyska pracovisk na ktorych sa vykonava dlhodobé praca, v zavislosti
od velkosti plochy je uvedend v tabulke 2. V pripade, ze miestnost’ ma
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v

miestnosti so Sikmymi stropmi ma byt asponi nad polovicou podlahove;j
plochy 2,3 m. Svetld vyska pracovisk, na ktorych sa vykonava praca po dobu
krat$iu ako 4 hodiny za pracovnil zmenu, alebo obfasna praca, nema byt
nizsia ako 2,1 m.

Tab. 2
Vyska a plocha pracoviska

do 50 najmenej 2,6
51—-100 2,7
101 - 2000 3,0
nad 2000 3,25

Pracovny priestor, jeho usporiadanie, tvar avelkost st ovplyvnené
predovsetkym:

e obsluhovanym technickym zariadenim a pracovnymi podmienkami,
e cClovekom samym, teda jeho rozmermi, pracovnou polohou tela,
pohyblivost'ou koncatin a poctom 0s6b.

Hospodarenie s pracovnou plochou a iné ekonomické hl'adiska posobia Casto na
ist¢ obmedzenia pohybovej volnosti pri praci. Kritérium pre navrhovanie velkosti
pracovnej, prip. podlahovej plochy, alebo pre ist¢ obmedzovanie priestoru pre
potrebnu ¢innost’ ¢loveka, bude hlavne poziadavka bezpecnosti a hygieny prace
pri pracovnom vykone a potrebné pohodlie pri pohybovych ukonoch.

3. Urcenie optimalnej hodnoty zakladnych rozmerov
pracoviska

3.1. Vyska pracovnej roviny
Velkost avyska pracovnej roviny nemusi byt rovnakd ako vysSka

pracovného stola. Je urCend miestom na stroji, alebo pracovnym predmetom,
ku ktorému sa vztahuje vd¢sina ru¢ne vykonavanych préc.
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Pracovna vyska, v ktorej ¢lovek vykondva pracovnu Cinnost, sa definuje ako
vertikalna vzdialenost’ pracovnej plochy od podlahy. Vyska pracovnej plochy
nemusi byt totoznd s vySkou pracovného stola (obr. 2).

a pracovne] roviny

Obr. 2.: VySka pracovnej roviny

Vyska pracovnej manipulacnej roviny musi zodpovedat’ telesnym rozmerom
zamestnanca, zakladnej pracovnej polohe, hmotnosti predmetov, bremien
a podobne, ktoré sa pouzivaju pri praci, ako aj zrakovym narokom na pracu.

Vyska pracovnej roviny musi byt nastaviteI'nd, aby umoznila pracu ,,malej
zene™ aj ,,vel'kému muzovi‘.

Pri préaci, ktord vyzaduje zvySené naroky na zrak, napriklad praca s drobnymi
predmetmi, suciastkami a podobne sa vyska pracovnej roviny zvysSuje
priblizne o 70 az 20 cm, pricom treba zabezpecit’ podopretie predlakti. Pri
praci, pri ktorej sa manipuluje s predmetmi tazSimi ako 2 kg, pri praci v stoji
sa manipulacnd rovina znizuje priblizne o /0 az 20 cm.

V tabulke 3 st uvedené odporucané hodnoty pre vysSku pracovnej roviny
v zavislosti od pracovnej polohy a pohlavia zamestnanca.



Optimdlna vySka pracovnej roviny

Optimalna vySka pracovnej roviny (mm)

sed (nad sedadlom)
Mui 1120 — 1180 220310
Zeny 930 — 1080 210 — 300

Vyska pracovnej plochy stola je ovplyvnena charakterom pracovnej ¢innosti,
pracovnou polohou, vyskou tela zamestnanca azornou vzdialenostou.
Odporucané hodnoty pre vySku pracovného stola v zdvislosti od pracovnej
polohy a od pohlavia zamestnanca st uvedené na obr. 3

Praca v stoji
jemna praca  hrubd praca
Muzi 100-115 cm 220-310 cm
Zeny | 95-105cm 210-310 cm

Vgska stola

Obr. 3.: Vyska pracovnej plochy stola

3.2. Pohybovy priestor

Pohybovym priestorom na pracovisku rozumieme priestor, v ktorom mozeme
vykonévat’ pracovné ¢innosti. RozliSujeme:

e manipula¢ny (ru¢ny priestor),
e pedipula¢ny (priestor pre nohy).
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Manipulacny priestor je priestor, ktory je dany manipulacnou rovinou.
Manipulacné rovina je rovina preloZzena miestom najcastejSie vykonavaného
rucného pohybu, v ktorom sa vykonava vac¢sina ukonov.

Manipulacny priestor (obr. 4) je dosiahnutel'ny stredom dlane a je ohraniceny
gulovymi plochami o polomere funkénej dlzky hornych koncatin
a vodorovnymi rovinami prechadzajucimi vo vysSke ramien a laktovych
kibov.

7/

Obr. 4.: Pohybovy priestor hornych koncatin (13)

Z ergonomického hladiska rozozndvame (obr. 5):

e oblast’ A — optiméalny pohybovy priestor pre obe ruky: vhodny pre
umiestnenie vyrobkov, ktoré sa pouzivaju najCastejSie, pretoze
v tomto priestore obidve ruky pracuji v zornom poli,

e oblast B —vhodny pohybovy priestor pre obe ruky: vhodny pre
umiestnenie takych néstrojov a predmetov, na ktoré védcSinou siaha
iba jedna,

e oblast’ C — nevhodny pohybovy priestor pre obe ruky.
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Obr. 5.: Oblasti manipulaéného priestoru

Velkost jednotlivych pohybovych priestorov, sluziacich na umiestnenie
ovladaCov, naradia a miesta vykondvania pracovnych operacii stvisi s mierou
opakovania pracovnych pohybov, ktor¢ sa delia na:

e Casté, t.j. opakované najmenej 40-krat za zmenu (napr. pri obsluhe
stroja s ovlada¢mi pouzivanymi trvalo);

e obcasné, vykonavané menej ako 40-krat a viac ako 20-krat za zmenu
(napr. pri obsluhe stroja s ovlada¢mi pouzivanymi ¢asto);

e zriedkavé, ktoré sa opakuji menej ako 20-krat za zmenu (napr. pri
obsluhe stroja s ovlada¢mi pouzivanymi zriedkavo).

Zékladné rozmery pohybového priestoru hornych koncatin su uvedené
v tabul’ke 4 a orientacné zobrazenie pohybového priestoru hornych koncatin
v horizontalnej rovine je uvedené na obr. 6.

Rozmiestnenie zasobnikov, komponentov, ndradia a inych prvkov, s ktorymi
zamestnanec manipuluje by mali byt umiestnené v oblasti danej rozmermi
predpisanymi v tabulke. To znamend, Ze ak je zamestnanec muz, jeho
manipulaény priestor predstavuje plochu 25x70 cm avtejto zone,
v maximalnej vyske 35 cm nad manipula¢nou plochou, by mal mat’ ulozené
vSetky potrebné manipulacné prvky. Navrh optimdlneho usporiadania
pracovisk 1 funkénych Casti strojov a zariadeni musi prihliadat’ i na moznosti
dosahu ruk pri otacani vo vertikdlnej rovine. Obdobne ako v horizontalnej
rovine, iv tomto pripade rozozndvame normdalnu a maximalnu pracovnl
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zonu. Rozmery kruznic, ktoré opisuji ruky pri otacani, su zavislé od
pracovnej polohy, t. j. polohy cloveka v sede alebo v stoji. V pracovnej
polohe sed sa plecia podstatne t'aZsie pohybuju v kiboch ako pri polohe stoj,
a preto i kruznice, ktoré¢ opisuju ruky, maji mensi polomer ako v polohe stoj.

Tab. 4
Rozmery pohybového priestoru hornych koncatin

Casté pohyby

35 [ 33

obcasné pohyby

Najvicsia kolma vzdialenost’ od roviny MR smerom hore 53 0

zriedkavé pohyby

80 | 70

Casté pohyby

15 | 15

Najviacsia kolma vzdialenost’ od roviny MR smerom dole —
obcasné pohyby

25 20

Casté pohyby

25 [ 25

Najvicsia kolma vzdialenost’ od zamestnanca smerom dopredu —
obcasné pohyby

50 40

Casté pohyby

Najvicsia kolma vzdialenost’ od zamestnanca smerom 40 | 35

doprava (dol'ava) obcasné pohyby

75 70

Zékladné parametre charakterizujuce dosah rak vo vertikdlnej rovine na
pracovisku st maximalna vySka dosahu rik, minimalna vySka dosahu
ruk. Hodnoty tychto parametrov si pre pracovnu polohu sed odlisné od
pracovnej polohy stoj. Hodnoty charakterizujuce jednotlivé orienta¢né
dosahy ruk su uvedené na obrazku 6.

Pedipulaény priestor je priestor pre nohy, ktory je ur€ovany Sirkou, vyskou
a hibkou. Mal by vyhovovat pohodlnym polohdm noh, ktoré zamestnanec
zaujima v priebehu pracovnej doby. Nedokonalé rieSenie pracoviska z tohto
hl'adiska vedie k statickému zataZeniu tela a deformacii chrbtice alebo ntti
zamestnanca pracovat’ v stoji.
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Pracovny stol

40

t
|
8 |
~
v |
I

Casté pohyby

Ob¢asné pohyby

Obr. 6.: Orientacné hodnoty manipulacného priestoru v horizontdlnej rovine

Rozmery pohybového priestoru pre nohy st uvedené v tabulke ¢islo 5.
Vymedzuju ho vzdialenosti od podlahy a od zamestnanca. Jeho hornt Cast’
ohranicuje spodnd plocha pracovnej dosky stola, alebo spodna plocha
stolovej Casti stroja. Pri zvySenej manipulacnej rovine, nebudeme merat’
hodnoty od podlahy ale od hornej plochy opierky noh v strede podoprenych
chodidiel. Svojimi rozmermi musi umoznovat’ dolnym koncatindm zaujat’
polohy fyziologicky pripustné a striedat’ ich. TaktieZ obsahuje priestor
pre umiestnenie noznych ovladacov.

3.3.  Zorny priestor pracoviska

Primarnou poziadavkou vicsiny pracovnych uloh su vizudlne poziadavky.
Ak ma cClovek problém vidiet pozorovany objekt, automaticky sa nakloni
dopredu, natiahne krk a prizmuruje o€i. Predpokladame, ze tieto Cinnosti
zlepsuju viditeI'nost pozorovaného objektu, pretoze sa skrati zorna
vzdialenost’ a zvysi sa zaostrovacia schopnost’. Problém videnia moze nastat’
zdbévodu zlych vizudlnych podmienok na pracovisku, alebo zddévodu
osobného poskodenia zraku. Ergonomické projektovanie musi zabezpecit
také podmienky na pracovisku, aby nedochddzalo k poskodzovaniu zraku ani
k potrebe naklanat sa ¢i prizmurovat oci k lepSiemu zaostreniu zraku



na pozorovany objekt. Treba vSak pri projektovani brat’ do tvahy aj fakt, Ze
kazdy ¢lovek na pracovisku ma iné vizudlne schopnosti.
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Obr. 7.: Orientacéné hodnoty manipulacného priestoru vo vertikdlnej rovine

Tab. 5
Rozmery pedipulacného priestoru

Oznacenie Rozmer (cm)

najmensia kolma vyska nad podlahou 60

odportcana kolma vzdialenost’ Casti pracoviska pod spodnou plochou
stola, alebo pod stolovou ¢ast'ou stroja

najmensia kolma vzdialenost’ Casti pracoviska pod spodnou plochou
stola, alebo pod stolovou ¢ast'ou stroja

najmensia Sirka od zamestnanca smerom doprava (dol'ava) 25

minimalna vzdialenost’ roviny sedadla od spodnej plochy stola, alebo 20
stolovej Casti stroja

70

50

Pri projektovani musime v prvom rade brat’ do ivahy charakter pracovnej
¢innosti. DoOlezity je najmensi detail, ktory pri praci musime rozliSovat
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a tomu bude zodpovedat’ aj zorna vzdialenost’. Optimdlna zorna vzdialenost’
zavisi od velkosti pozorovaného detailu aod ostrosti zraku. Prehlad
pracovnych tried podl'a zrakovej narocnosti je zobrazeny v tabulke 6.

Tab. 6

Pracovné triedy podl’a zrakovej ndarocnosti

vyluéne sed

najjemnejsia praca vykonavana v sede,
s opretymi laktami, kladie vel’ky doraz
na zrak, montaz najjemnejsich suciastok
i s pomocou lupy, pracu moézu vykonavat’
len 'udia s dobrym zrakom, napr. jemna
mechanika, optika, hodinarstvo

sed, niekedy
stoj

jemné prace v sede i v stoji, montaz
drobnych suciastok, prace kresli¢ov, pisarov,
9 2

sed, vyhodnejsi
stoj

mensie naroky na zrakové rozliSovanie
detailov, prace v sede i v stoji, via¢Sina
beznych manualnych préc s naradim a pod.

stoj, niekedy
aj sed

zrakova ¢innost’ menej narocna na
rozliSovanie a presnost’ videnia, balenie,
montaz velkych dielcov, tazsie a hrubsie
rucné prace s naradim a pod.

A 120 - 250
B 250 - 350
C 350 - 500
D nad 500
E nad 500

vylucne stoj

praca s dlhymi pracovnymi predmetmi
(kladivo, klieste, a pod.), na pracovnom stole
sa nepouziva podpera hornych koncatin

Ak mé byt pozorovany objekt dobre videny arozoznatelny, potom pri
normalnej zrakovej ostrosti musi byt

e urcitd Uroven intenzity osvetlenia zorné¢ho pola,

e dostatocny jas objektu alebo plochy, t. j. pomer svietivosti a velkosti
objektu (svietiaceho alebo svetlo odrazajiceho),

e potrebny kontrast objektu vzhl'adom k pozadiu,

e dostato¢na vel'kost’ objektu, t.j. ¢as potrebny na rozoznanie objektu.

Ak nie je niektora ztychto podmienok splnend tak, aby jej hodnota
presahovala minimalnu hranicu, teoreticky nemoze byt videna.
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Ak ma cClovek dobre vidiet' a rozoznédvat, musi byt pri normalnej zrakovej
ostrosti:

umiestnenie predmetu v zornom poli,

vzdialenost’ zdroja informacie osi pohl'adu,

urcitd Uroven intenzity osvetlenia,

potrebny kontrast predmetu vzhl'adom k pozadiu,
doba pozorovania objektu (¢as nutny k rozoznaniu).

Pri rozmerovom projektovani s ohl'adom na vizudlne podmienky prace sa
bert do uvahy 4 hlavné faktory:

e zorna vzdialenost’,
e zorny uhol,
e zorny priestor,
e velkost sledovaného objektu.
Zorna vzdialenost’ — je to vzdialenost medzi ofami a pracovnym

predmetom, ktord je potrebnd na dodrzanie urcitej celkovej kontroly
pracovného pola a reSpektuje zdsady bezpecnosti prace.

Zorny uhol — je uhol, ktory zviera horizontdlna rovina vedend vo vyske oka
s priamkou vedenou od oka k pracovnému predmetu.

Zorny priestor — je priestor ohrani¢eny kuzelom vytvorenym uhlom
a vzdialenostou oka od predmetu prace. Zorny priestor povazujeme za
optimalny zorny priestor, ktory je vo vertikdlnej rovine (obr. 8) tvoreny
zornym uhlom 38° pre pracovni polohu sed azornym uhlom 30° pre
pracovnu polohu stoj. Maximalny zorny priestor je vo vertikalnej rovine
tvoreny uhlom /05° pre obidve pracovné polohy. V zavislosti od uhla sklonu
hlavy a, ktory je maximalne 20°, sa posuva aj zorny uhol. Uhol, ktory je na
obrazku posunuty pod zornym uhlom zamestnanca, je vychyleny prave
o uhol sklonu hlavy a. (Zorny uhol na obr. 8 pri sklone hlavy a = 0° je
znazorneny cervenou farbou, uhol pri sklone hlavy a = 20° je znazorneny
¢iernou farbou.)
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Na zaklade zornych uhlov rozliSujeme v horizontalnej rovine tri zorné polia:

A

optimalne zorné pole je dané uhlom 30°. Zamestnanec vidi objekty
vtomto zornom poli bez toho, aby musel ota¢at’ hlavou.
V optimalnom zornom poli je videnie ostré.

normalne zorné pole je dané uhlom 70°. V normalnom zornom poli je
videnie dobr¢.

maximalne zorné pole je dané uhlom 120°. Predmety eSte moZu byt
identifikované bez pohybu hlavy. Videnie v tomto zornom poli je uz
medzné.

sed stoj

Obr. 8.: Uhly zorného pol’a vo vertikdlnej rovine pre pracovnii polohu sed a stoj Chybal

Nenasiel sa Ziaden zdroj odkazov.

Na (obr. 9) je zobrazeny zorny priestor v horizontalnej rovine. Uhly zorného
priestoru st rovnaké pre pracovnu polohu sed aj stoj.
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120°

Obr. 9.: Uhly zorného pola v horizontdlnej rovine pre pracovnu polohu sed a stoj

Pri projektovani pracovisk sa zohladituju nasledovné poziadavky na zorné
pole zamestnanca:

e obmedzit’ zbytocné pohyby hlavy a o¢i pri praci, co ma vplyv na
opatovné zaostrovanie zraku a namahanie oci,

e umiestnit’ ¢asto pouzivané pracovné predmety v optimalnom zornom
poli A (objekty mézu byt lahko identifikované pohybom oc¢i bez
potreby pohnut’ hlavou),

e ak je to mozné, neumiestiiovat’ pracovné naradie mimo maximalneho
zorného pol'a C (objekty mozu byt identifikované bez pohybu hlavy),

e umiestnit’ zasobniky v rovnakej vzdialenosti, o¢i zamestnanca tak
nemusia zakazdym zaostrovat’ rozdielnu vzdialenost’, meni sa len uhol
pohladu.

4. Navrhnutie optimalneho usporiadania pracoviska

Pracovisko, rozne pracovné predmety v fiom, ako ipracovné prostriedky
musia byt’ priestorovo usporiadané tak, aby fyzickd namaha pri manipulacii
s nimi bola ¢o najmensia a aby efekt z l'udskej prace bol ¢o najvacsi.

Vsetky komponenty, nastroje a prisluSenstvo pracoviska maji byt
umiestnené¢ v manipulacnom priestore zamestnanca. Ak s montdZne
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komponenty v manipulacnom priestore 'ahko pristupné, zabrani sa otaCaniu
tela zamestnanca, natahovaniu rik, ohybaniu a otacaniu kibov zapéstia pri
uchyteni a vyberani dielcov zo zasobnika, o redukuje naméhanie a pripadné
poranenie, ktoré moéze byt vyvolané v dosledku jednostrannych a
opakujucich sa pohybov.

Pri rozmerovom rieSeni pracoviska musime vo vécSine pripadov pocitat’
stym, Zze ho budi vyuzivat rozmerovo isilovo rozdielni zamestnanci.
V praxi sa pri navrhu pracoviska a pracovnych zariadeni vyuzivaji rozmery
muza priemernej postavy, ¢o nevyhovuje mensim postavam (muzov, zien)
alebo vy$Sim postavam.

Na pracovisku, kde budu striedavo pracovat muzi a Zeny, je potrebné
prednostne reSpektovat’ rozmerové, tvarové, fyziologické a funkéné
odliSnosti Zenskej postavy.

Vyska pracovnej plochy by vSak mala vyhovovat’ zamestnancom s réoznymi
telesnymi rozmermi. Moznym rieSenim dané¢ho problému st stavebnicové
pracoviskd, ktoré umoZznuji variantné prispdsobenie pre vyskova Skalu
zahriujucu 95 % rozmerov dospelych muzov a zien (obr. 10).

Fixna vyska pracovnej plochy Variabilna vy$ka pracovnej plochy

900 alebo 1000 mm
250 - 300 mm
720 - 1070 mm

Obr. 10.: Optimalna vyska pracovnych stolov pre prdacu v sede a stoji

Ak je technicky mozné, aby pracovisko bolo v niektorych rozmeroch
flexibilné (napr. ak je pozadovana nastavitelna vyska sedadla, vyskové
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prisposobenie pracovnej plochy alebo podlozky), je mozné vytvorit
optimalne priestorové podmienky pre najSirsi okruh zamestnancov.

Pracovny stdl, stolicka, opierka noh, zdsobniky, drziaky nastrojov,
zasobnikové voziky apod. maji byt prispésobené telesnym rozmerom
zamestnancov a ich pracovnym uloham. Spravne nastavené pracovné
pomocky redukuji namdhanie a c¢asové prestoje astcasne zvysSuju
produktivitu a vykonnost’. Vyzaduje sa:

e umiestnit komponenty a nastroje do spravnej vysky a vzdialenosti;

e vybrat’ k pracovnému stolu vhodnu stolicku a umiestnit’ opierku noh
(obr. 11a);

e umiestnit’ manipulacny vozik so zasobnikmi materidlu v dosahovom
priestore a v takom uhle, aby sa zlepSila pristupnost’ ruk k stciastkam
(obr. 11Db).

a.) b.)

Nastavenie podla |
individualnych
poziadaviek:

1 - vyska,
2 - hibka,
3-uhol.

A

=(2)mp

Obr. ¢ 11 a) Upravenie pracovnej pozicie v sede b) nastavenie zdasobnikov
manipulacéného vozika
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Pri rieSeni rozmiestnenia pracoviska je potrebné zabranit umiestneniu
vybavenia pracoviska nad vyskou srdca zamestnanca, pretoze méze dojst’ k
redukcii cirkulacie krvi, z ktorej vyplyva pokles vykonnosti zamestnanca
(obr. 12).

Spravne Nespravne

Obr. 12.: Vhodné a nevhodné rozmiestnenie komponentov na pracovisku pod tiroviiou
vy$ky srdca zamestnanca

Ovladacie prvky, naradie, nastroje, vyrobné pomdcky a zasobniky maju byt
ulozené tak, aby umoziovali ¢loveku G¢inné pracovné pohyby. V priestore
pracoviska nesmu byt Ziadne prekdzky, ktoré by zatazovali vykondvanie
pracovnych pohybov alebo zbyto€ne predlZzovali drdhu pohybu. Tvarové
usporiadanie pracoviska musi umoziiovat’ pohodlnti vizualnu kontrolu
vSetkych informacnych zdrojov a sledovanie vyrobného procesu.

5. Navrh prvkov ovplyviiujicich mikroklimatické podmienky
na pracovisku a podmienky pracovného

Pracovné prostredie je definované ako subor podmienok, v ktorych sa
vykonava praca. Pracovné podmienky st fyzikalne, chemické, biologickeé,
psychologické a sociologické faktory, ktoré posobia na zdravie a pracovnu
vykonnost’ ¢loveka v pracovnom procese. Pracovné podmienky su
ovplyvilované rezimom prace, odpo¢inkom ako aj technickym vybavenim
pracovného prostredia. O zdravych Zivotnych a pracovnych podmienkach sa
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da hovorit’ vtedy, ak nepdsobia nepriaznivo na zdravie I'udi, ale naopak ho
chrania akladne ovplyviuju. Prostredie posobi na cloveka svojimi
fyzikédlnymi,  chemickymi, biologickymi a socialno-psychologickymi
faktormi. Tieto faktory komplexne pdsobia na nervovu sustavu a psychiku
Cloveka, ovplyvinuju jeho vykon a limituji celkové podmienky prace.
Interakcie pracovného prostredia a ¢loveka st zobrazené na obr. 13.

Pracovné prostredie

tvoria faktory:
- fyzikélne
- chemické
- biologické
- socialno-psychologické

Obr. 13.: Interakcie pracovného prostredia a ¢loveka

Vytvorenie optimalnych pracovnych podmienok, zohladnit vSetky tieto
faktory a dbat’ na to, aby navrhnuté prostredie bolo o najmenej zdraviu
Skodlivé, je neoddelite'nou sucast’ou projektovej pripravy vyroby, a to nielen
pri novych stavbach, ale aj pri rekonstrukciach existujucich priemyselnych
prevadzok. V praxi sa ukazuje, ze nie je doceneny vyznam kvality
pracovného prostredia, nie st dodrziavané technické normy, hygienické
poziadavky, ergonomické parametre a pod. Vyznamny podiel zodpovednosti
za pracovné prostredie pripadd okrem projektantov aj investorovi
a prevadzkovatel'ovi organizacie.

6. Navrhnutie oznamovacov a bezpecnostnych prvkov
pracoviska

6.1. Navrhovanie oznamovacov

V zlozZitych pracovno-organizaénych systémoch musi ¢lovek reagovat’ na
urcity signdl vel'mi rychlo, asponl tak, aby pracovna cinnost prebiehala
v optimdlnom tempe. Preto treba zistit, aki ma signal kvalitu, intenzitu,
rozmery a dobu trvania, aby zamestnanec mohol reagovat’ ¢o najrychlejsie
a najpresnejsie. Ide najmé o problematiku urcenia reakénych €asov.
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Rychlost’ reakcie alebo odpovede zamestnanca zavisi nielen od charakteru
podnetu, ale aj od vonkajSieho okolia, t. j. celkovej zlozitosti situdcie. Preto
systém cClovek - stroj treba aj z hl'adiska oznamovacich zariadeni sledovat’
komplexne. Druhou podmienkou, ktora vplyva na rychlost’ a presnost’ reakcie
Cloveka, je totiz stav zmyslovych organov a celkovej nervovej sustavy
zamestnanca.

6.2. Navrhovanie displejov

Displeje st zariadenia, ktoré informujii zamestnanca o priebehu a stave
vyroby, stave sledovanych parametrov, chode stroja a technologie prace.
RozSiruju oblast’ vnimania zamestnanca o udaje, ktoré by bud’ z technickych
alebo psychologickych dovodov inak unikli jeho pozornosti, ale st pre chod
zariadenia dolezité. Prvoradou poziadavkou na vSetky druhy displejov je
podanie zrozumitelnych, presnych a rychlych informacii. Displeje uvadzaju
informdcie, ktoré sa moézu menit’ tak, aby boli tieto informécie viditeI'né,
pocutelné alebo rozlisite'né na dotyk.

Displeje sa musia volit, konStruovat' a usporiadat’ tak, aby zodpovedali
moznostiam l'udského vnimania. Musia vyhovovat poziadavke na jasné,
rychle a spolahlivé rozliSenie poskytovanych informécii a rozpoznanie ich
vyznamu.

6.3. Bezpec¢nostné prvky

V organizacnej Struktire kazdej organizdcie je zodpovedné za riadenie
bezpecnosti a ochrany zdravia pri praci vedenie spolo¢nosti (top manazment).
Povinnosti, zodpovednost' a pravomoci st d’alej definované organiza¢nou
Struktarou s poverenim konkrétnych osdb v oblasti starostlivosti o BOZP,
kde tieto ulohy st povinny zabezpecovat vedlci zamestnanci na vSetkych
stupfioch riadenia v rozsahu uloh vyplyvajacich z ich funkcii. Tieto ulohy st
rovnocennou a neoddelite'nou stucast'ou ich pracovnych povinnosti.

Zékladné interné riadiace dokumenty st vydavané napriklad formou prikazov
¢irozhodnuti generdlneho riaditela, kde st urcené konkrétne terminy a
zodpovednosti za prijaté opatrenia v oblasti BOZP. Spdsob zabezpecCovania
zakladnych uloh organizicie je rozpracovany v organiza¢nych predpisoch
spolo¢nosti. V nich je konkrétne uvedena zodpovednost a  spdsob
zabezpecenia tychto loh.
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Ulohy  bezpeénostnotechnickej  sluzby  u zamestnavatela  vykonava
bezpec¢nostny technik a autorizovany bezpecnostny technik a podla potreby
aj iny odbornik na prevenciu a ochranu v Specifickej oblasti bezpec¢nosti a
ochrany zdravia pri praci.

6.4. Estetické rieSenie pracovného priestoru

Délezitou sucastou optického prostredia je farebnd uprava pracovného
prostredia a pracoviska.

Farebné rieSenie pracovisk ma spliat’ nasledovné poziadavky:

e celkové farebné ladenie ma byt harmonické, prijemné zraku,

e vyber farebnych odtienov sa riadi hlavne ucelnostou a vSeobecnou
estetickou pdsobivostou.

Vyuzivajl sa predovsetkym jemné farebné odtiene, menej syte farby tlmené
bielou alebo svetlo Sedou farbou.

Zivé syte farby sa vyuZzivaju tam, kde je to nutné z funkénych dévodov
(upozornenie na nebezpecné miesta a predmety, oznaclenie unikovych
vychodov, poziarnych zariadeni).

Kazda farba ma psychologicky a vizudlny G¢inok na ¢loveka a jej uplatnenie
musi mat’ spojitost’ s ostatnymi podmienkami prostredia.

Pri volbe farebnych odtietiov (stien, stropu, konstrukcii a pod.) je nutné
zvazit tieto okolnosti: druh prevladajucej ¢innosti, velkost’ a tvar priestoru,
farbu  spracovavanych  predmetov, farbu aintenzitu  osvetlenia
a mikroklimatické podmienky. Farebné rieSenie strojov a technickych
zariadeni musi zodpovedat bezpecnostnému vyznamu farieb. Pri névrhu
farebného rieSenia pracovného priestoru je potrebné, aby sa brali do uvahy
nasledovné vplyvné faktory:

1. Povaha a trvanie ¢innosti vykondvanej na pracovisku.

Je potrebné zohladnit’, ¢i ide o pracu fyzick, dusevnl, monotdénnu,
namahajlcu zrak a pod. Pre konkrétne situdcie platia nasledovné zasady:
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v pracovnom priestore pri praci v sede s malym fyzickym zatazenim
sa odporacaju teplé farby,

pri praci vstoji apri chodzi sa steny astrop odporucaju farbit
Pahkymi tonmi studenych farieb,

pracovny priestor pre prace vyzadujuce si koncentraciu pozornosti sa
vyzaduju odtiene zelenej a modrej farby,

pre monoténnu pracu sa odporuca kombindcia teplych farieb s bielou
farbou,

v kancelarskych priestoroch st vhodné harmonické farby: ZzIta,
7ltozelena, Zltohneda, svetlohneda,

priestory pre veducich pracovnikov je potrebné farebne riesit’ tak, aby
boli vhodné na vysoké sustredenie a zarovenn v sebe zahfnali
reprezentativnost’ a individualitu pracovnika.

tvar a velkost’ priestoru:

uzky a dlhy priestor sa da opticky rozsirit ak sa na kratSie steny
pouzije syty odtien pestrej farby a na dlhSie steny jemny odtieni svetlej
farby,

nizky priestor sa da zvysit’ pouzitim svetlého odtiefiu na strope,
vyznamné prvky na pracovisku by mali byt zvyraznené sytymi
odtienmi pastelovych farieb abezvyznamné prvky by mali byt
potlacené pouzitim jemnych odtiefiov svetlych farieb.

2. Teplota na pracovisku.

3.

Vhodnym pouzitim farieb je mozné psychologicky zmiernit' nevhodné
teplotné pomery na pracovisku:

v studenych priestoroch sa pouzivaju teplé farby,
v teplych prevadzkach sa pouzivaju studené farby.

Intenzita osvetlenia.

Vhodnym farebnym rieSenim sa daju cCiasto¢ne riesSit problémy s nie
prave najvhodnej$im osvetlenim. V takomto pripade sa volia farby podl'a
ich schopnosti odrazat’ svetlo:

v malo osvetlenych priestoroch sa odporuca biela farba,



NOVE ASPEKTY ROZVOJA VYROBNYCH ORGANIZACIi

e vpresvetlenych priestoroch sa pouzivaji odtiene zltej alebo
zltohnedej farby a odtiene modrej a zelenej farby.

4. Zlozenie pracovnikov podla veku a pohlavia:

e pre starSich pracovnikov alebo prevazne muzov sa odporacaju svetlé
odtiene studenych farieb,

e pre mladsich pracovnikov alebo prevazne zeny sa odporucaju pestré
pastelové farby.

V praxi nie je mozné zohladnit' vSetky uvedené faktory sucasne. Podla
priorit konkrétneho pracoviska je potrebné citlivo zvolit’ tie faktory, ktoré
mdzu najviac vplyvat’ na pracovny proces.

Tab. 7
Prehlad aktivit moderného ergonomického projektovania pracovisk
Ergonomicka
Analyza . Technicka analyza pracovného
, Rozmerové parametre .. . )
pracovného . ) dokumentacia priestoru z pohl'adu
. celého priestoru . 1
priestoru stavby plosného a
priestorového
E icka analy Lo
reonomicka ana'yza Technicka .
Tvorba pracovného priestoru dokumentacia Vytvorenie
. . z pohl'adu plosného, priestorovych
priestorovych . ; stavby -
v priestorového . Standardov pre
Standardov o . s ergonomickou L
a fyzikalnych vlastnosti , pracoviska
. analyzou
prostredia
Kapacitné prepocty
pre rozmiestnenie
L troj isk
K, . . S s Dokumentacia SHOJOV, pracovis
apacitné Priestorovych Standardy . , a zamestnancov.
. . A k priestorovym g
planovanie pre pracoviska y Komplexné udaje
. Standardom
pracoviska pre tvorbu 3D
modelu pracovného
priestoru.
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Tab. 7 (pokracovanie)

Prehlad aktivit moderného ergonomického projektovania pracovisk

Druh pracovnej

Technologické

Urdenie ¢innosti, pocet postupy, konstrukéné
zakladnych operatorov, pracovné rieSenie pracoviska, Zakladné rozmery i-
rozmerov i-teho | polohy, technické technicka teho pracoviska
pracoviska vybavenie, $pecialne dokumentacia
poziadavky k strojom
Ceni . A icky o
Urcenie . , Charakteristiky ntropometric y Komplexné udaje pre
dosahovych zon , atlas, Ergo softvér pre
. operatorov, . : tvorbu 3D modelu
i-teho SRR projektovanie S
. antropometrické udaje , pracoviska i-teho
pracoviska pracovisk
. Technologicka
Jednotlivé druhy eehnofogicka o
. . “ a konstruk¢éna Komplexné udaje pre
Navrhnutie manipulacnych P
., . . . dokumentacia vyroby. | tvorbu 3D modelu
optimdlneho jednotiek, nastrojov, L .
. X , Technické parametre | pracovného postupu.
usporiadania na | pracovnych predmetov, . ) A
. . . od dodavatel'ov Vstupné udaje pre
pracovisku pomocného materialu . . (o ,
manipulacnych zat'azové analyzy.
a pod. . .
jednotiek

Navrhy rieSenia
Sfyzikdlnych
parametrov
pracovného
prostredia -
svetlo

Namerané hodnoty
osvetlenia

Platna legislativa,
vysledky merani

Navrh zdrojov
umelého osvetlenia
pracovisk.
Vypracovanie mapy
osvetlenia

Navrhy rieSenia
fyzikalnych
parametrov
pracovného
prostredia —
hluk, vibrdcie

Namerané hodnoty
hluku a vibracii

Platna legislativa,
vysledky merani

Néavrh
protihlukovych

a protivibracnych
opatreni.

Vypracovanie mapy
hluku

Navrhy rieSenia
Sfyzikdlnych
parametrov
pracovného
prostredia -
mikroklima

Namerané hodnoty
mikroklimatickych
charakteristik (teplota,
vlhkost, pradenie
vzduchu)

Platna legislativa,
vysledky merani

Navrh opatreni pre
optimalizaciu
mikroklimy,
ohrievace,
klimatizacie,
zvlhcovace a pod.
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Tab. 7 (pokracovanie)

Prehlad aktivit moderného ergonomického projektovania pracovisk

Navrhy rieSenia
Sfyzikdlnych
parametrov
pracovného
prostredia -
mikroklima

Namerané hodnoty
mikroklimatickych
charakteristik (teplota,
vlhkost, pradenie
vzduchu)

Platna legislativa,
vysledky merani

Navrh opatreni pre
optimalizaciu
mikroklimy,
ohrievace,
klimatizacné
jednotky,
zvlh¢ovace a pod.

Navrhy rieSenia

Néavrh opatreni pre

Sfyzikalno - Namerané hodnoty optimalizaciu
chemickych obsahu Skodlivin Platna legislativa, | fyzikalno -
parametroy v ovzdusi, intenzity vysledky merani chemickych
pracovného ziareni a pod. parametrov
prostredia. prostredia.
Parametre vyroby,
vizualiza¢né udaje Informacny Néavrh obsahového
, z oblasti vyrobného systém, odd. a priestorového
Ndvrh Y s . . S
Y manazmentu, udrzby, 5S, | priemyselného rieSenia
oznamovacov . . y
technologické inZinierstva, oznamovacov na
obmedzenia, BOZP BOZP pracoviskach
a pod.
Informacie
rozpracovanosti vyroby, | Informaény Navrh obsahového
, . . lanu vyroby, 3D systém, odd. a priestorového
Navrh displejov P Vyroby , Y \  priestorovenc
vizualizacie pracovnych | priemyselného rieSenia displejov na
postupov, vizualizicia inZinierstva pracoviskach
BOZP
, BOZP, Navrh
Navrh " , , N ,
\ . Zoznam bezpec¢nostnych | Integrovany bezpecnostnych
bezpecnostnych ., . e
rizik na pracovisku manazérsky prvkov na
prvkov . -
systém pracoviskach
L Materialy odd.
Farebné standardy r?efrfligir?ého
Estetické rieSenie | podniku, materialy 55, | PT.°0Y Navrh estetického
, C Inzinierstva, S ,
pracovisk ergonomické Standardy rieSenia pracovisk

pre pracovnt pohodu

farebné rieSenia
v ramci BOZP
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PODEJMOWANIE DECYZJI PRODUKCYJNYCH
WSPOMAGANE TECHNIKAMI

SYMULACYJNYMI ORAZ LOGIKA ROZMYTA

SUPPORT FOR DECISION-MAKING
PROCESSES IN MANUFACTURING UTILIZING
SIMULATION/MODELING TECHNIQUES AND
FUZZY LOGIC

Stawomir KUKLA'

Stowa kluczowe: doskonalenie systemow produkcyjnych, techniki symulacyjne

Streszczenie

W pracy przedstawiono mozliwos¢ wykorzystania techniki modelowania i symulacji
systemow produkcyjnych w  zarzqdzaniu procesami wytworczymi. W ramach pracy
przeprowadzono  analiz¢  usprawnien  systemu  produkcyjnego  przykladowego
przedsiebiorstwa przemystu meblowego. Zastosowano narzedzia oceny wielokryterialnej
wariantow, w ktorych do oceny kryteriow oraz wariantow rozwiqzan wykorzystano
subiektywne oceny punktowe oraz oceny o charakterze rozmytym.

! Akademia Techniczno-Humanistyczna w Bielsku-Bialej
Katedra Inzynierii Produkcji
skukla@ath.bielsko.pl
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1. Wprowadzenie

W dobie globalizacji coraz wigksze wymagania, dotyczace jako$ci produkcji
oraz obnizenia kosztow wprowadzania nowych technologii, wymuszaja
na przedsigbiorstwach konieczno$¢ stosowania bardziej zaawansowanych
narz¢dzi pozwalajacych na wirtualne planowanie 1analizowanie zadan
produkcyjnych.

Odpowiednio zaprojektowane procesy wytworcze wymagaja, polaczenia
we wlasciwych proporcjach, w czasie 1 przestrzeni procesoOw podstawowych
1 pomocniczych, przygotowania produkcji i sterowania, a takze racjonalnej
organizacji zapewniajacej ciaglos¢ produkcji poprzez eliminowanie wszelkiego
rodzaju zaktocen. Do zadan racjonalizacji 1 optymalizacji proceséw
produkcyjnych nalezy podchodzi¢ indywidualnie. Przedsigbiorstwa, ktore chca
odnosi¢ sukcesy w swojej branzy, pozyskiwa¢ nowych klientow, zwigkszaé
asortyment 1 efektywno$¢ produkcji zmuszone sa do stosowania systemow
komputerowych wspomagajacych zarzadzanie dziataniami produkcyjnymi.

Konieczno$¢ skracania czasu przygotowania produkcji wymusza stosowne
dzialania majace na celu automatyzacj¢ poszczegolnych faz rozwoju produktu
poprzez ich komputerowa integracj¢ w oparciu o modele produktow, modele
procesow 1 srodkéw produkcji oraz w powiazaniu z problemowo i procesowo
zorientowanymi bazami danych.

Wigkszy zysk przedsigbiorstwo moze uzyska¢ oferujac klientom wyroby
o bardzo wysokiej jakosci 1z doskonalym serwisem oraz systematycznie
zmniejszajac ponoszone koszty i skracajac czas realizacji zlecen. Konieczne jest
wigc nowe spojrzenie na problem szacowania 1 rozliczania kosztow.
Przedsigbiorstwa zmuszone sa do manipulowania kosztami, a nie cena jak to
mialo miejsce w przesziosci. W dzisiejszych czasach cena jest wartoscia
wynikajaca z relacji na rynku konsumenta. Zysk, majacy wplyw
na funkcjonowanie i rozwoj przedsigbiorstwa, nie moze by¢ mniejszy od pewnej
granicznej wartosci. W zwiazku ztym nowoczesny producent moze
manipulowa¢ jedynie kosztami produkcji, na ktére ma on bezposredni wptyw.

2. Techniki symulacyjne w zarzadzaniu produkcja

Badania teoretyczne prowadzone na modelach dostarczaja istotnych informacji,
umozliwiajac dokonanie szerokiej oceny jakosciowe;j 1 ilo§ciowej wystepujacych
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zjawisk. Niewatpliwie warto zwrdci¢, zatem uwage na sfer¢ zadan, jaka
obejmuje¢ symulacja, i jej wptyw na osiagany wynik ekonomiczny firm.

Zebrane w trakcie symulacji komputerowych informacje pozwalaja poznaé
badane zjawiska zpominigciem budowania rzeczywistych systeméw
1 przeprowadzania kosztownych eksperymentow (rys. 1). Z kolei wiedza
zdobyta na etapie modelowania moze by¢ uwzgledniona podczas budowania
instalacji przemystowych.

wyniki eksperymentdw
dowodzg prawdziwosci teorii

TEORIA ESPERYMENT
teoria wyjasnia wyniki
1 eksperymentu 4
wyniki symulacji symulacja prowadzi do
dowodzg prawdziwosci rzeczywistego
teorii eksperymentu
wyniki symulacji sg symulacja czesciowo
zrédtem nowych zastepuje eksperyment
koncepdji
SYMULACIA

Rys. 1.: Powiqzanie miedzy teoriq, symulacjq i eksperymentem

Modelowanie 1 symulacja procesow wytworczych umozliwia ich oceng oraz
daje szans¢ przeanalizowania funkcjonowania wybranych obiektow
(stanowisk roboczych, operacji technologicznych, zabiegéw, czynnosci,
operacji transportowych, stanow magazynowych, zaklécen itp.). Pozwala
przeprowadzi¢ weryfikacj¢ przyjetych zalozen przed ich zastosowaniem
w praktyce, a takze okresli¢ nieprawidtowosci, jakie moga wystapi¢ w czasie
eksploatacji, w tym szczegolnie stabe punkty projektowanego lub
realizowanego systemu produkcyjnego. Metody modelowania i symulacji
stosuje si¢ wtedy, gdy uzyskanie rozwiazania metodami analitycznymi jest
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zbyt skomplikowane lub niemozliwe, a bezposrednie eksperymentowanie na
rzeczywistym systemie jest zbyt pracochtonne, niebezpieczne i kosztowne.
Modelowanie procesow wytworczych sprowadza si¢ do okreslenia
charakterystyki i zachowania poszczegélnych elementow procesu oraz relacji
zachodzacych migdzy nimi. Proces wytworczy moze by¢ przedstawiony jako
zbidr dynamicznych systemoéw sktadajacych si¢ z szeregu niezwiazanych lub
wspotpracujacych z soba proceséw, gdzie kazdy proces zdefiniowany jest
jako ciag dziatan (3).

Charakteryzujac zakres zastosowan modeli symulacyjnych, mozna wymienic¢
nastgpujace zadania, jakie najczg$ciej sa stawiane przy ich tworzeniu:

e sprecyzowanie opisu procesu, ktory moze by¢ w dalszej kolejnosci
usci§lany onowe informacje oraz wskazywanie napewne
wlasciwo$ci procesu, ktorych zbadanie na realnym procesie jest
utrudnione lub niemozliwe,

e wykorzystanie modelu symulacyjnego do badan efektywnosci struktur
zarzadzania czy tez sterowania, co powinno doprowadzi¢ do wyboru
najwilasciwszych struktur i algorytméw podejmowania decyzji,

e zastosowanie modeli w systemach sterowania ztozonymi procesami,
wspotudziat w zarzadzaniu, systemami technologicznymi,
ekonomicznymi, administracyjnymi.

Symulacja jest bardzo dobrym narzedziem wspomagajacym podejmowanie
decyzji na roznych poziomach zarzadzania przedsigbiorstwem (rys. 2). Dzigki
zastosowaniu tej techniki mozna przeprowadza¢ eksperymenty na ztozonym
systemie przed rozpoczeciem realizacji projektu w praktyce. W ciagu kilku
minut mozna przesledzi¢ przebieg ztozonych proceséw produkcyjnych, ktore
w rzeczywistosci trwaja kilka dni, tygodni czy nawet miesigcy. Symulacja
pozwala na zobrazowanie zachowania si¢ systemu po wdrozeniu planowanych
zmian 1 na wyltapanie ewentualnych problemow mogacych wystapi¢c w
przysztosci. Projekt symulacyjny nie stwarza mozliwosci znalezienia
optymalnego rozwiazania, ale jest narzgdziem wspomagajacym prace
projektanta 1 umozliwiajacym wybranie wariantu najlepiej spetniajacego
zatozone kryteria. Wiarygodno$¢ decyzji, opartych na badaniach
symulacyjnych, ogranicza si¢ do uprzednio sprawdzonych wariantow.
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Proces ciaglej poprawy
Doskonalenie
- analiza ograni
\ iichwplyw ) - ) czcn- <
na inwestycje - identyfikacja waskich gardet Catkowita
- testowanie narzedzi inwestycja

- eliminowanie waskich gardet
|

Analiza systemu ’ ‘ Projektowanie ’ ‘ Wdrozenie H Wykonanie |——
« badania wykonalnosci * projektowanie 1 dobor * pelne obcigzenie * monitorowanie
« alternatywne rozwiazania - Stanowisk ) systemu * prognozowanie
« strategic * sterowanie pomystami « szkolenie « udzelanie odpowiedzi
* pojecia « okreslenie i ocena ' pracownikow na pytanie., co sie stanie, jesli...”
« program produkji zaplanowanych parametrow + harmonogramowanie
erozmieszczenie stanowisk « strategie naglych dziala
Projektowe doskonalenie moZiwosc Operacyjne doskonalenie moAiwosci
e e

Poziom szczegdtowy

Poziom abstrakayiny i stopien wolnych decyzji

Rys. 2.: Wykorzystanie techniki symulacyjnej w ronych etapach przebiegu
racjonalizacji systemu produkcyjnego

Na etapie planowania produkcji symulacja moze by¢ wykorzystana zaréwno
do okreslania przepustowos$ci wybranych stanowisk produkcyjnych, jak i
szacowania sprawnos$ci 1 wydajnosci catych linii wytworczych. Zbudowany
model moze by¢ uzyty do okreslenia réznych algorytméw kontroli
projektowanego systemu wytwarzania. Ponadto modele symulacyjne moga
stuzy¢ jako pomoce dydaktyczne w szkoleniach personelu mogacych odbywacé
si¢ juz w trakcie budowy konkretnego systemu produkcyjnego.
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Glownymi obszarami zastosowania modelowania 1 symulacji systemow
produkcyjnych sa:

projektowanie systemow produkcyjnych,

poréwnywanie alternatywnych proceséw wytwarzania,

planowanie 1 sterowanie produkcja,

analiza  wykorzystania  dostgpnych  zasobow  produkcyjnych
(wykrywanie tzw. waskich gardet),

analiza efektywnosci zamierzonych inwestycji,

prognozowanie i planowanie zamowien,

ciagte doskonalenie proces6w 1 usuwanie marnotrawstwa (KAIZEN),
przeprowadzanie prezentacji i1 szkolen dla personelu,

prognozowanie wynikow finansowych przedsigbiorstwa.

Aby uzyska¢ mozliwie wysokie korzysci z zastosowania techniki
symulacyjnej, to musi by¢ ona przeprowadzona w odpowiednim etapie
realizacji procesu. Najwicksze mozliwosci poprawy parametrow systemu
uzyskuje si¢ w pierwszej fazie projektu na etapie analizy i projektowania. W
pOzniejszym  czasie realizacji projektu  pozostaje mniej swobody
na dokonywanie zmian, a przy ich realizacji pojawiaja si¢ dodatkowe koszty,
ktore moga spowodowac, iz poniesione koszty przewyzsza przyszte zyski
uzyskane dzigki przeprowadzonej racjonalizacji systemu (2, 8).

Do gléwnych zalet symulacji komputerowej, w pordwnaniu z innymi
metodami analizy proces6w, mozna zaliczy¢:

e clastyczno$¢ modelu rozumiana jako tatwo$¢ wprowadzania zmian w
modelu symulowanego procesu oraz tatwos$¢ uzupetniania go o nowe
zjawiska,

e latwo$¢ wprowadzania rdznego rodzaju wymuszen 1 zaklocen,
w szczegodlnosci o charakterze losowym (np. awarie),

e stosunkowo niewielki koszt 1 czas przygotowania oraz
przeprowadzania symulacji w poréwnaniu z przeprowadzaniem
eksperymentéw na systemie rzeczywistym,

e wiarygodno$¢ wynikow symulacji, zwlaszcza w  przypadku
mozliwos$ci porownania wynikow symulacji z danymi otrzymanymi z
pomiardw na rzeczywistym systemie,
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e zwalnianie 1 przy$pieszanie przebiegu symulacji pozwalajace
na doktadne przesledzenie zjawisk pojawiajacych si¢ w badanym
systemie,

e rozpoznawanie ograniczen umozliwiajace usunigcie skutkow
opdznien w procesie wytworczym, przeptywie informacji itp.,

e mozliwo$¢ wizualizacji planu zakladu oraz przebiegéw procesow dla
celow szkoleniowych,

e mozliwos¢ symulacji funkcjonowania systemu w warunkach
ekstremalnych.

3. Proces decyzyjny wspomagany logika rozmytg

Glownym celem wprowadzenia pojecia zbioréw rozmytych byla potrzeba
matematycznego opisania tych zjawisk 1 pojg¢, ktoére maja charakter
wieloznaczny 1 niedokladny. Na systemy rozmyte skladaja si¢ te techniki
imetody, ktore stuza do przedstawiania informacji nieprecyzyjnych,
nieokreslonych badz niekonkretnych. Charakteryzuja si¢ tym, iz wiedza
przetwarzana jest w postaci symbolicznej 1 zapisywana w postaci rozmytych
regul. Systemy rozmyte znajduja zastosowanie tam, gdzie nie dysponuje sig¢
wystarczajaca wiedza o modelu rzadzacym danym zjawiskiem oraz tam gdzie
odtworzenie modelu staje si¢ nieoptacalne lub w niektdrych przypadkach
nawet niemozliwe ze wzgledu naniewystarczajaca ilo$¢ informacji
o charakterze deterministycznym.

Zgodnie z zalozeniami logiki klasycznej, ktéra stanowi fundament teorii
zbioro6w rozmytych, element moze naleze¢ do zbioru lub do niego nie naleze¢.
Przynaleznos$¢ do zbioru jest, wigc zdefiniowana funkcja przyjmujaca dwie
wartosci: 0 lub 1. W odroznieniu od zbioru klasycznego funkcja
przynaleznosci zbioru rozmytego moze przyjmowa¢ dowolne wartosci
z przedzialu <0, 1>. Taki sposob klasyfikacji jest bardziej zblizony do
ludzkiego procesu myslenia, ktory jest z natury mglisty. Wprowadzajac pewna
doze niedoktadnos$ci, zyskuje si¢ odpornos¢ systemu, ktéra umozliwia
modelowanie ztozonych procesow (1, 4, 7).

Zgodnie z powyzszymi zatozeniami mozna zdefiniowaé zbidr rozmyty przy
pomocy rownosci:
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A=t{x,u (x):xe X, pu, (x)e[0,]} (1)
gdzie:
A —  zbidr klasyczny,
M, — funkcja przynaleznos$ci zbioru rozmytego.

W praktycznych zastosowaniach teorii zbiorow rozmytych czgsto korzysta
si¢ z kilku rodzajow funkcji przynaleznosci charakteryzujacych zmienne
lingwistyczne. Na rysunkach 3, 4, 5 oraz 6 przedstawiono najczgscie]
stosowane postacie funkcji w rozwiazywaniu zagadnien decyzyjnych
z zakresu zarzadzania produkcja.

'y
n
1
0,5 -+
12.09.2010 Termin realizacji zlecenia
produkcyjnego
Rys. 3.: Przykiad funkcji proynaleinosci klasy A
A
n

0,5 -+

0,68 0,92 1 OEE (wskaznik ogolnej
wydajnosci urzadzenia)

Rys. 4.: Przykiad funkcji prynaleinosci klasy T’
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A
n
1

0,5 —+

ki =54zt k, =62 zt Koszt wtasny
wytwarzania [z#/szt.]
Rys. 5.: Przykiad funkcji prynaleinosci klasy L

H A
1

05 4

0,86 0,95 1 Niezawodnos$¢ urzadzenia

Rys. 6.: Przykiad funkcji przynaleinosci klasy [ |

Podstawy wiedzy z zakresu logiki rozmytej znajduja roOwniez zastosowanie w
modelowaniu i symulacji komputerowej. Podstawa modelowania jest, bowiem
teoria prawdopodobienstwa rozpatrywana z punktu widzenia uproszczenia
modelu tzn. wyboru niezbgdnego i1 wystarczajacego stopnia jego podobienstwa
do obiektu modelowanego.
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W oparciu o kryteria o charakterze rozmytym mozna réwniez realizowac
procesy decyzyjne biorac pod uwage wiele kryteriow rdwnocze$nie
1 okreslajac ich waznosc¢ (6).

Znanych jest wiele sposobow 1 metod rozwiazywania zagadnien oceny
wielokryterialnej rozwiazan w §wietle wielu kryteriow. Jedna z metod oceny 1
wyboru rozwiazania preferowanego jest metoda Yagera (rys. 7).

Do danych wyjsciowych tej metody zalicza sig:ii

e liczbe kryteriow,

e liczbe wariantow,

e clementy macierzy waznosci poszczegdlnych kryteriow,

e clementy tablicy, ktore sa unormowanymi ocenami punktowymi
poszczegblnych  wariantow  wedlug  kazdego z  kryteriow
przygotowanymi przez wszystkich decydentow.

Do oceny waznos$ci kryteriow oraz oceny wariantow angazuje si¢ ekspertow
(decydentow). Kazdy z ekspertow jest odpowiedzialny za zbudowanie
macierzy ocen waznosci kryteriow metoda Saaty’ego, polegajaca
na porownywaniu kolejnych par przyjetych kryteriow a w dalszej kolejnosci
ocena wariantow wedtug przyjetych kryteriow. Wedhug innej metody oceny
wielokryterialnej rozwiazan wazno$¢ kryteribw oraz warianty przebiegu
procesu oceniane sa parami, a kazdej parze przyporzadkowuje si¢ oceng
punktowa z przyjetego przedziatu.

W przypadku wielkos$ci deterministycznych oceny czastkowe wariantow
okreslane sa w zaleznosci od kryterium 1 przyjetej skali wartosci (np. koszt w
zb). Wartosci ocen czastkowych mozna przetransformowa¢ wedlug
odpowiedniej funkcji do przedzialu charakterystycznego dla zbioru rozmytego
(rys. 8). Literatura nie podaje og6lnie obowiazujacych regut okreslania funkcji
transformujacych, poniewaz zaleza one mocno od rozwazanego problemu.
Funkcje te sa ustalane na bazie do$§wiadczenia ekspertow oraz dostgpnej
wiedzy literaturowej. Oceny wszystkich wariantow dokonuje si¢ oddzielnie
wzgledem poszczegélnych kryteriow metoda Saaty’ego. Mozliwe jest
okreslenie przez kazdego z ekspertow dla kazdego kryterium dwoch
granicznych funkcji transformujacych dajacych w wyniku dwie rdzne
wielko$ci  z przedzialu. Istnieje rowniez mozliwo$¢ przejscia z oceny
o charakterze probabilistycznym w przestrzen zbioro6w rozmytych.
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Planowanie zmian w systemie

janly

norzadzenie-planu-ekspervmentdw-svmula
porzgdzente pranu-exsperymentow symuiac

= 5

Sprawdzenie proponowanych wariantéw rozwigzan na modelu
symulacyjnym — przeprowadzenie eksperymentow

. U - NIE
CZy rozwigzani€ miesci Sig w zbiorze
rozwiazan dopuszczalnych 2
TAK
Utworzenie macierzy waznosci kryteriow metoda Saaty’ego U
Utworzenie zbiorczej macierzy waznosci kryteriow U

s

Wyznaczenie wag kryteriow za pomoca programu POWERMETHOD

&l

Ustalenie zakresu skali punktowej oraz ocena punktowa wariantow
w $wietle przyjetych kryteriow

- -

Sprowadzenie ocen punktowych do warto$ci unormowanych I/

- -

Utworzenie tacznych ocen unormowanych przez usrednienie ocen
podanych przez poszczegdlnych ekspertow

- -

Sporzadzenie decyzji unormowanych z uwzglednieniem wag kryteriow I/

- -

Utworzenie decyzji optymalnej I/

- -

Tnfprprpfnr‘jq W ynﬂn’\u — uc—'prpgn‘xmnip rozwiazan

w kolejnosci od najlepszego do najgorszego

NIE

Czy wyniki sa zadowalajace ?

TAK

Zastosowanie wynikéw projektu w systemie rzeczywistym

Rys. 7:. Zastosowanie symulacji komputerowej oraz wielokryterialnej oceny rozwiqzan
wedlug metody Yagera w zarzqdzaniu zadaniami produkcyjnymi
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Rys. 8. Transformacja ocen do zbioru rozmytego za pomocq funkcji transformujqcych
sporzqdzonych przez poszczegolnych decydentow

Biorac pod uwagg p ekspertow, n wariantow oraz m kryteriow otrzymuje si¢
mx pmacierzy o wymiarach nxn, na podstawie ktorych tworzy si¢ taczne
(dla  wszystkich decydentéw) oceny rozmyte wariantow wzgledem
poszczegblnych kryteridw o trojkatnych funkcjach przynaleznosci (rys. 9).

Kolejnym etapem oceny wielokryterialnej jest agregacja ocen czastkowych
przez tworzenie funkcji przynalezno$ci, okreslajacych calkowita oceng
rozmyta poszczegdlnych wariantow. Agregacja ocen czastkowych uzyskanych
wzgledem poszczegolnych kryteriow wraz z uwzglgdnieniem wazno$ci tych
kryteriow moze by¢ wyrazona dla i-fego wariantu na podstawie wzoru 2.

Z, =F(B,,B,,...B,, ,W,W,,...W,) (2)

> im o m

Z; —  zbidér rozmyty okreslony na przedziale <0,1>
F — funkcja agregujaca
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Rys. 9.: Wielokryterialna ocena wariantow wzgledem wariantu bazowego dokonywana przez
D decydentow wedlug m kryteriow

W dalszej kolejnosci nalezy uporzadkowac zbiory rozmyte zgodnie z przyjgta
relacja porzadkujaca. Przykladowa metoda porzadkowania jest metoda
przyporzadkowujaca kazdej z funkcji przynaleznosSci jej Srednia wazona
(wzor 3).

[ u, (2)dz
-0 3)

SW.

l

[ 1, (o

Wariant aj jest bardziej preferowany niz wariant a; w przypadku gdy sw ;<
sw;. Najlepszym wariantem, spos$rdd ocenianych, jest wariant najbardziej
preferowany zgodnie z przyjeta relacja porzadkujaca. Opisane powyzej
dziatania bgda pomocne przy planowaniu eksperymentdéw symulacyjnych
1 doskonaleniu systemow produkcyjnych zmierzajacym w kierunku obnizania
kosztéw produkcji oraz zwigkszania wydajnosci.
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4. Pryzkad wykorzystania symulacji oraz logiki rozmytej

w doskonaleniu procesow produkcyjnych

Ponizej przedstawiono projekt analizy systemu wytwarzania mebli biurowych
w oparciu o eksperyment symulacyjny na modelu komputerowym oraz

wielokryterialng ocen¢ wariantow rozwiazan (rys. 10, 11, 12).

Spawanie
konstrukciji

Magazyn, przygotowanie potfabrykatéw

-

Montaz

y Klejenie ]
/:grz:mw ) D A@ = =33 p
T ™ j = wjd T {Der
— ﬂ , ‘ o
e =
Wikretarka _{ Mijese .qupan
l >
- \m/i |
... ]
Wyroby gotowe

Rys. 10.: Model symulacyjny systemu produkcyjnego w pakiecie Arena

W wyniku przeprowadzenia projektu symulacyjnego proceséw produkcji krzesta

otrzymano raporty w postaci odpowiednich zestawien dotyczacych (5):

obciazenia poszczegolnych stanowisk roboczych,
wielkosci kolejek,

sredniego okresu oczekiwania przed wybranymi stanowiskami,
charakterystyki waskich gardet,
wydajnosci systemu produkcyjnego.
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W ramach projektu analizie poddano 4 warianty przebiegu procesu produkcji
mieszczace si¢ w zbiorze wariantoéw dopuszczalnych ze wzgledu na koszty
oraz czas realizacji zlecen. Dobierano wymagana ilo$¢ stanowisk
produkcyjnych, ich rozmieszczenie oraz stopien automatyzacji. Analizowano
rowniez mozliwos¢ podjecia kooperacji w ramach niektorych czynnosci. W
dalszej kolejnosci wyznaczano koszty stanowiskowe dla poszczegodlnych
rozwiazan.

Na etapie analizy opracowanych wariantow procesu produkcji krzeset
ustalono nastgpujace kryteria oceny stanowiacych wejscia do systemu:

e  koszty stanowiskowe (k1),
e obciazenie stanowisk produkcyjnych (k2),
e warto$¢ inwestycji w maszyny i urzadzenia (k3).

Wdrozenie racjonalnego
rozwigzania w systemie
rzeczywistym

Ocena wariantow
i wybor najlepszego
rozwigzania

Przyjecie kryteriow
oceny wariantow

Wyznaczenie
zbioru rozwigzan
dopuszczalnych

Rys. 11.: Racjonalizacja systemu — etapy projektu
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Rys. 12.: Ocena wariantow — okreslenie funkcji przynaleinosci

Na podstawie opisanej wczesniej procedury oceny wariantow w oparciu
rozmyta wyznaczono
dla poszczegolnych kryteriow:
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0,04 04 1 1
+——t—+— (6)
woow, Wy W,

ky =

W dalszej kolejnosci okre$lono funkcje decyzyjna w nastgpujacej postaci:

0,04 02 04 06
=
wow, Wy Wy,

(M

Z przeprowadzonej analizy wynika, Ze najlepszym wariantem wedlug
przyjetych trzech kryteriow oceny jest rozwigzanie W4.

5. Podsumowanie

Symulacja  jest zlozonym  procesem  wykorzystywanym  przy
projektowaniu,  planowaniu  isterowaniu  przedsigwzigciami = W
roznorodnych dziedzinach gospodarki. Stata si¢ jedna z wazniejszych
technik wspomagajacych zarzadzanie produkcja. Wiaze si¢ to z tym,
ze w warunkach gospodarki rynkowej przedsigbiorstwa zmuszone sa do
rozwigzywania coraz bardziej ztozonych problemoéw w coraz krdotszym
czasie.

Zastosowanie technik symulacyjnych w inzynierii produkcji pozwala
na racjonalizacj¢ przeplywoéw materialowych oraz zmniejszenie zapasow
produkcyjnych. Narzedzia symulacyjne daja mozliwo$¢ poznania
struktury i dziatania konstruowanych obiektéw, opracowania algorytmow
umozliwiajacych popraweg wskaznikow jako$ci procesoOw wytwarzania
oraz przewidywania wptywu zaktocen na proces produkcji.

Zastosowanie narzg¢dzi oceny wielokryterialnej wariantow usprawnien
w systemach produkcyjnych pozwoli w prosty i skuteczny sposob wybraé
racjonalny przebieg procesu produkcyjnego. Wprowadzajac zmiany
w funkcjonowaniu stanowisk roboczych nalezy brak pod uwage wiele
czynnikdéw, a efekty zmian analizowa¢ pod wzglgdem wielu kryteriow.
Dzigki ocenie znaczenia poszczegdlnych kryteriow oraz uwzglednieniu
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ich wag w dalszym postgpowaniu, bgdzie mozna oceni¢ poszczegdlne
warianty przebiegu procesu, co utatwi proces decyzyjny.
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PRODUCTION DECISION MAKING AIDED BY
SIMULATION TECHNIQUES AND FUZZY SET LOGIC

Abstract

This work presents the possibility of using technology of modelling and simulation
of productive systems in the management of manufacturing processes. Within framework
of the presented study one has performed analysis of rationalizations in production
system on the basis of enterprise in furniture industry. The tools of multi-criterion
evaluation were used where criteria and variants were assessed by means of subjective
point evaluation and fuzzy character evaluation.
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Chapter 1.5.

PROCESY RIADENIA VZNIKU

A IMPLEMENTACIE INOVACII

MANAGEMENT PROCESSES OF INNOVATION
INCEPTION AND IMPLEMENTATION

Branislav MICIETAI, Helena TUREKOVA?
Klucove slova: inovacny manazment, riadenie inovdcii, komercializdacia

Abstrakt

Organizacia, ktora chce existovat v konkurencnom prostredi globdlnych trhov, nemodze
ignorovat’ potrebu riadenia procesu vzniku a komercionalizacie inovacii. Riadenie inovdcit
(managing innovation) je strucnym pomenovanim procesov, ktoré umozZnuju vznik
a realizaciu inovacii. Takéto chapanie je dolezitym preto, Ze v skutocnosti neriadime
inovacie (kedZe inovaciou rozumieme vysledok usilia vytvarania novych veci), ale v
organizdcii riadime procesy umoznujiuce vznik a realizaciu inovacii. Treba zdoraznit, ze
vznik a realizacia inovdcii v sucasnosti nepatri k Standardizovanym podnikovym procesom.
Inak povedané, v zmysle procesného riadenia organizdcii, proces inovovania nie je zahrnuty
do map procesov organizdcii. Uvedené poznatky vyvolavaju nasledovné otazky: Preco tomu
tak je? Je vobec potrebné hovorit o procese inovovania ako o podnikovom procese? Ak ano,
tak preco? Ak nie, tak ako zabezpelit, aby vznik inovacii nebol len nahodnym javom?
Odpovede na tieto i dalsie otdzky s tym suvisiace si rozdelené do troch casti. Prvad cast je
venovand pomenovaniu suvislosti medzi zabezpecovanim chodu podniku a rozvoja podniku
prostrednictvom inovacii, pricom je uvedeny jeden z moznych pohladov na tedrie riadenia
inovdcii. Druhd cast je venovand popisu jednotlivych faz procesu inovovania z pohladu
riadenia vzniku inovdcii ako sucasti internych procesov podniku a tretia je prepojenim medzi
touto kapitolou a metodickymi postupmi rieSenia inovacnych projektov.
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1. Riadenie inovacii a rozvoj podniku

Inovacie su viditelnymi vysledkami navonok neviditeInych procesov, ktoré
musia byt’ riadené. Prax potvrdzuje, ze medzi rozvojom podniku a vznikom
inovacii je uzka vizba. Inovaciami mozno podporit’ rozvoj podniku a naopak,
rozvoj podniku spravidla vytvara vhodné prostredie pre vznik inovacii.
V nasledovnom bude blizsie objasnena dana vizba.

Urovne rozvoja podniku

Pre ziskanie komplexného pohl'adu na rozvoj podniku je vhodné vyuzit
model Siestich Grovni rozvoja podniku, zndzorneny na obr.1. Podl’a (4), tento
model umoziuje dobre Struktirovat vSeobecné 1 Specifické podmienky
rozvoja podniku.

Podnikova kultara, ktora je prejavom myslenia a spravania sa pracovnikov,
odraza aj ich pristup k zmendm a schopnost aktivneho zapojenia sa
do procesov inovovania.

Uroveti
podnikovej
kultary

/ Strategicka uroven \
Socio-psychologicka
uroven

Hospodarsko-finan¢na urover

/ Urover informaéného toku \

/ Uroveri procesov a materialového toku \

Obr..1: Sest’ tirovni rozvoja podniku podla (4)

Podnikova kultara je najvysSou urovitou v modeli rozvoja podniku. Buduje
sa dlhodobo na zéiklade spoluprice a vzidjomnych vztahov medzi
pracovnikmi podniku navzijom imedzi podnikom ajeho partnermi. Je
odrazom predstav, hodndt a pristupov vSeobecne zdielanych, v podniku
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dlhodobo udrziavanych. Konkretizovat’ predstavu podnikovej kultary je
mozné pomocou popisu jednotlivych prvkov nasledovne:

e predstavy o vlastnej praci, ojej zmysle, o uspechu firmy,
o odmenovani, atd’.

e pristupy k praci, ku spolupracovnikom, k cielom firmy, k inovéaciam,
ku konfliktom, atd’.

e hodnoty uznavané, reSpektované a rozvijaneé.

Pristup I'udi k cielom (podniku, pracovnej skupiny,... vlastnym), k zmenam
(k ich prijimaniu a aktivnej ucasti), inovaciam a ku spolupracovnikom, ma
znacny vplyv na dosahovanie uspechu v podobe zmysluplnych vysledkov
prace. Otazka pristupu k niekomu ¢i nieCcomu je otdzkou bytostne I'udskou, je
to ivec zauzivaného spravania sa. Zauzivané spravanie sa pracovnikov
podniku je bud’ v sulade s kultirou inovativnej firmy, alebo je pre vytvorenie
pozadovanej kultiry firmy potrebné vyvolat zmenu spravania sa l'udi.

Zmenit’ pristupy, zmenit’ zauzivané spravanie sa l'udi je nie jednoduché, ale
mozné. Okrem zmeny vlastného spravania, manazéri mozu v priebehu Casu
dosiahnut’ cielenil zmenu vytvaranim prostredia, v ktorom budi dodrziavané
pravidla podporujuce pozadovanu kultiru. Subor pravidiel bude vzdy
zavisiet' od konkrétnej spolo¢nosti, avSak je mozné urcit’ ramec takychto
odporuCani. Hierarchia urovni (obr.1) naznacuje uzku vdzbu medzi
podnikovou kultirou a konanim vrcholovych manazérov podniku, ktori
urcuju stratégie pre dosiahnutie dlhodobej prosperity, ateda vyznamne
ovplyviuju i postoj k otdzke inovacii.

Socialno-psychologickd troven sa tyka rozvoja pracovnikov a budovania
medziludskych vztahov. Rozvoj tejto Grovne je pre riadenie inovacii
klacovy, kedZe tvorivi jednotlivei su Zriedlom novych néapadov
a prostrednictvom spoluprace l'udi je mozné nové napady aj zrealizovat'.
Spolo¢nost’ a jednotliveil (I'udsky Cinitel’) ako nositelia vedomosti, zru¢nosti
a schopnosti uplatnit’ ich pri experimentovani st tym, ¢o umoziuje postuvat
hranice moZzného. AvSak je nesporné, Ze pre ziskanie, udrzanie a vyuZivanie
potrebného intelektudlneho kapitdlu je potrebné mat” vhodny systém
motivacie a dostato¢né zdroje.

Hospodarsko - finan¢nej urovni prindlezi ziskavanie a efektivne udrziavanie
vSetkych druhov  zdrojov. Otazka nutnosti tejto urovne nebyva
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spochybniovand. Skor sa stretneme so situaciou, ked je pohlad enormne
upriameny na ziskavanie ¢o najvdcSiecho mnozstva financii. Obstaranie
kvalifikovanych  pracovnikov, technologii a materidlneho vybavenia
produkénych systémov je vzdy spojené s nutnost'ou zabezpecenia finanénych
zdrojov.

Informacné a hmotné toky v podniku tvoria zaklad pyramidy. S ich podporou
su realizované nutné vyrobné procesy. Prax inovativnych podnikov
potvrdzuje, Zze ¢im viac sa dari zabezpeCovat rozvoj na vsetkych urovniach
podniku, tym st vytvorené lepSie predpoklady pre vznik inovacii.

Pre kazdodenntl prevadzku organizacii existujui Standardné postupy, ktoré ale
v pozadovanom rozsahu nezabezpecuju proces inovovania. Problém je v tom,
ze postupy, ktorymi je zabezpeCovany chod organizicie, nie su zamerané
na realizaciu zmien, ktorych vysledkom su inovacie. Vznika otazka: Co viac
alebo Co iné je potrebné vykonat pre zvySenie pravdepodobnosti vzniku
inova¢nych napadov a ich realizaciu v komercnej sfére?

Skusenosti ukazuju, Ze inovacie vyzaduji rozsirit' existujice Standardné
postupy o proces inovovania, ktory vyzaduje zvlastnu sadu riadiacich znalosti
a zrucnosti.

Teodrie riadenia inovacii

Nazory na to, Co povazovat’ za tedriu riadenia inovacii sa liSia prave tak,
ako sa liSia ndzory na obsah samotného pojmu inovacia. V suvislosti
s teoriou riadenia inovacie je mozné uviest niekol’ko pozoruhodnych
konceptov inovativneho myslenia a spravania, ktoré maju svoje Specifické
zameranie. Jednotlivé teorie sa odliSuji najmi tym, ¢o ich autori povazuju
za Ustredny problém vytvarania novych veci. Tak wvznikli tedrie, ktoré
prioritne rieSia riadenie vzniku a realizécie inovacii z pohl'adu:

a) zavadzania technologickych, trznych a organiza¢nych zmien,
b) vytvarania hodnoty pre zédkaznika,

¢) marketingu,

d) strategického manazmentu.
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Ad a)

Pohl'ad na riadenie inovacii, ako na zavadzanie technologickych, trznych
a organizacnych zmien ponukaji Joe Tidd, John Bessant a Keith Pavitt. Su
autormi knihy ,,Managing innovation* (8), ktord bola napisana pre potreby
postgradudlnych Studentov manazmentu, najmad ti¢astnikov programov MBA.
Tento koncept poskytuje jeden z najkomplexnejSich vykladov problematiky
riadenia inovacii publikovanych v poslednom obdobi. Vzhl'adom k tomu, Ze
umoziuje organické zaclenenie inovacnych projektov do procesu inovovania,
je vhodny pre vytvorenie predstavy o praktickych aplikaciach.

Adb)

Ucelenym konceptom, ktory je mozné povazovat za tedriu riadenia inovacii
je hodnotovy manazment. Hodnotovy manazment je Stylom manaZzmentu
zameranym najma na riadenie inovacii prostrednictvom motivacie, rozvijania
zruénosti a podporovania sucinnosti l'udi, s cielom maximalizovat’ celkovu
vykonnost’ organizicie. Je to koncept riadenia inovacii overeny pocetnymi
aplikdciami najmd v priemyselne vyspelych krajindch. Pre hodnotovy
manazment je vytvoreny spolo¢ny rdmec apravidla uplatiovania
prostrednictvom eurdpskych noriem (14,15) a je pomerne precizne popisany
v dostupnej literatare (10, 11). Uvedené fakty st dévodom pre vyuzivanie
hodnotového manazmentu ako metodickej podpory inovaénych projektov.
Ak porovnadme tento koncept s predchadzajucim mdzeme vidiet, ze oba
vyzaduju systémové myslenie. Vzajomne sa dopliaju tym, Ze koncept
zavadzania technologickych, trZznych a organizaénych zmien vytvara priestor
pre riadenie inovacnych projektov prostrednictvom aplika¢nych disciplin
hodnotového manazmentu.

Adc)

Vzhl'adom na prepracovanost’ obsahu a Struktiry inovativneho marketingu
moZeme tento uceleny pohl'ad na inovacie vznikajuce na existujtcich trhoch
a inovacie vytvarajice nové trhy povazovat za Specifickll tedriu riadenia
inovacii.

Ad d)
Specificky zameranym je koncept riadenia inovacii, ktory jeho autori
predstavili pod nazvom ,Stratégia modrého oceanu® . Prioritne sa

zameriavaju na tvorbu stratégii inovovania, pricom hovoria o umeni vytvorit
si zvrchovany trzny priestor a vyradit’ tak konkurentov z hry (3). Pouzivaju
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predstavu trzného priestoru, ktory tvoria dva druhy oceanov, cerveny
amodry. Cervené oceany predstavujii vietky dnes existujuce odvetvia, ide
o0 znamy trzny priestor. Modré ocedny su oznaCenim pre vSetky dnes
neexistujuce odvetvia apre trzny priestor, ktory nie je dosial znamy.
Myslienky, nastroje a systémové ramce ktoré predstavuji su popisované
pomocou terminoldgie, ktord sice zvySuje lahodnost’ Citatel'ského zazitku,
stazuje vSak zosuladenie tohto konceptu s praktickymi postupmi inovovania.

Vyssie uvedené poznatky slazia k ziskaniu objektivneho pohladu
na existujice pristupy k vytvaraniu teorii inovovania. Takyto pohl'ad médze
pomdct’ pri rozhodovani o inovaciach. Rozhodovanie o inovaciach je mozné
za predpokladu zakladnych znalosti o tedrii apraxi riadenia inovacii,
ako aj o spdsobe ich pouzivania vo vlastnej organizacii. Doévodom
pre uvedené tvrdenie je nasledovna skiisenost: pokial’ sa nebudeme snazit’
vedome prepdjat’ teoretické poznanie s redlnymi zivotnymi skiisenost’ami, tak
v inovaciach pokro¢ime vel'mi malo alebo vobec.

Pre zabezpecenie realizdcie procesu inovovania odpori¢ame v organizicii,
na zéklade doterajSich skusenosti, realizovat’ aktivity ktoré mozno rozdelit’
do troch skupin:

Prva skupina aktivit je zamerand na stanovenie pravidiel pre riadenie
inovacii. Je potrebné pomenovat’ zasady a pravidla pre dosiahnutie toho,
aby kazdy v organizacii mohol ndjst’ odpoved’ na otdzky tykajtce sa:

e samotnej inovacnej stratégie spojenej s preferovanym spdsobom
myslenia vedenia organizacie,

e organizacnych podmienok zapojenia sa do inovaénych procesov,

e zrozumitel'nosti vézieb vo vnutri i mimo organizacie,

e moznosti vlastného rozvoja a zapojenia sa do prace inovacnych timov,
e mechanizmu ucenia sa prostrednictvom zdiel'ania znalosti.

Druha skupina aktivit je zamerand na starostlivost’ o tvorivy ludsky
potencial, o znamena sustredit’ sa na:

e osvojovanie si navykov podporujucich rozvoj tvorivosti,
e ziskavanie l'udi pre zmeny,
e prekonavanie bariér,
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e  komunikaciu o inovaciach,

e rozvoj schopnosti vyuzivat’ metddy a techniky podpory inovativnych
rieSeni,

e zapojenie pracovnikov do rieSenia inovacnych projektov.

Tretou skupinou aktivit je zabezpeenie aktuilnych informacnych tokov,
ktorych vysledkom je ziskanie relevantnych informacii a vedomosti,
ku ktorym patri:

e prieskum a zachytdvanie signalov vonkajSich zmien (trh, veda
a technika),

e zdielanie znalosti v siet’ach,
e riadenie inovécii, resp. riadenie inovacnych projektov.

Existuje viacero sposobov, ako konkretizovat’ a realizovat’ v podnikovej praxi
vysSie uvedené aktivity.

Klasicky pristup k procesu inovovania

V minulom storoc¢i bol u nas pomerne rozsireny vyklad procesu inovovania,
ktory bol popisovany ako proces vzniku vyrobkovej inovacie. Vychéadzal
z poznania, ze napady iniciuji proces inovovania a podla (26) je mozné
napad povazovat’ za sicast’ inovacného procesu tak, ako to ilustruje obr.6.

NAPAD PRILEZITOST

>Potreba >Realizovatelnost
>Definovanie >Efektivnost
>Sposob riesenia

PRIPRAVA VYROBY VYVOJ
>Technoldgia >KonStrukcia
>V/yrobné zdroje >Prototyp

>Testovanie

Y

A

OBCHODNY PLAN IMPLEMENTACIA
>Marketing » | >Vyroba
>Financovanie 7| >Vstup na trh

>Rozvoj

Obr. 6.: Schéma inovacéného procesu (26)
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V zmysle uvedenej schémy, je to logicky jasny proces, ktory mozno opisat’
nasledovne:

1. Inovécia Startuje z inova¢ného napadu, ktory identifikuje nova potrebu
buducich uzivatelov, ale aj spdsobu ako tato potrebu zabezpecit.
Predpokladom je poznanie situdcie, analyzy podmienok, vyvojovych
trendov a inych doélezitych faktorov a navrh nového riesenia. Inovacny
napad je v d’alSom kroku podrobeny analyze z hl'adiska realizovatelnosti,
osobitne s dorazom pre zabezpecenost’ zdrojov, know — how, technického
vybavenia, financii, l'udskych zdrojov, priestoru, partnerov a pod. Je treba
hodnotit’ trhovy potenciadl, predpoklady dosiahnutia ekonomickych
prinosov a navratnosti investicii. V terminoldgii strategického
manaZmentu by sme mohli hovorit’ o Stadii realizovatel’nosti.

2. Otestovany inovacny napad sa transformuje na inovacnu prilezitost’.

3. V pripade priaznivych podmienok nastupuje faza vyvoja nového vyrobku,
sluzby, alebo organizacie. Praktické postupy su zavislé od inovacnej
oblasti. Napr. pri strojarskych vyrobkoch je to navrh vyrobku, rozmerové
a pevnostné vypocty, konstrukéné vykresy, realizdcia prototypov a ich
skusky.

4. Dalsie kroky inovaéného procesu reprezentuji fadzu materializacie
inovacie tj. pripravu vyrobnej =zakladne pre opakovani vyrobu.
Zaverecné fazy suvisia s trhovou aplikédciou inovacie.

Jednotlivé prvky takto popisaného procesu inovovania naznacuju, Ze
predpokladanym vystupom je novy vyrobok. Nase skuisenosti potvrdzuju, ze
nové vyrobky ako hmatatel'né vystupy 'udskej prace su najlepsie viditelnymi
inovaciami a preto i proces ,,0d napadu k realizacii* je najl'ahSie opisatelny
v pripade vytvarania nového vyrobku. Uvedenu schému je mozné povazovat
za objasnenie procesu inovovania vyrobku, so zameranim na Specifikdciu
odbornych ¢innosti, ktoré sa na tomto procese podielaju. Z pohl'adu moznosti
uplatnenia simultanneho inZinierstva 1 aplikdcie novych informacnych
technolégii viazanych na vytvorenie konStrukéného ndvrhu, prototypu
andvrhu vyrobnych systémov sa uvedena schéma na obr.6 javi
ako prekonana.
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Za vyklad problematiky riadenia procesu inovovania, ktory spliia poziadavku
vyuzitia aktudlnych poznatkov je mozné povazovat koncept zavadzania
trznych, technologickych a organiza¢nych zmien (ad a). Tento koncept
dosledne uplatituje procesny pristup pri koncipovani uceleného systému
pre integraciu riadenia inovacii, preto pri konkretiz4cii procesu inovovania
v priemyselnom podniku budu pouzité odporucania jeho autorov (49).

Nasledujuca Cast’ je venovana riadeniu vzniku inovécii, pricom vychadzame
z predpokladu, Ze proces inovovania je jednym zklItaCovych procesov
inovativneho podniku.

2. Riadenie vzniku inovacii ako sticast’ internych procesov

Kazdého inovatora zaujima ako dosiahnut, aby pracovnici prichddzali
so skvelymi napadmi, ktoré prinesu zmysluplné inovacie a do ktorych sa
oplati investovat’.

Mam napad — casto je vykrikom jedinca bez odozvy. Ak vykrik ide
do zabudnutia, na jedinca to moze posobit’ domotivujico a organizacia moze
prist o prilezitost vyuzit novy napad. Nebolo by tomu tak, keby
v organizacii bol zavedeny jasny mechanizmus na oSetrenie vzniknutého
napadu. Pre modernu organiziciu ito je malo, pretoze je Ziaduce vytvorit
mechanizmus 1 na to, ako podporovat’ vznik napadov. Kazdéd organizacia by
si mala vytvorit’ vlastny model pre realizdciu inova¢nych aktivit, pricom musi
vyuzivat’ svoje silné stranky v tejto oblasti.

Vznik inovacii ako proces

Inovacie =z hladiska velkosti zmeny sa delia na inkrementalne
a diskontinualne. Pre riadenie procesu vzniku inovacii je toto Clenenie
dolezité, nakol’ko maju rozdielne podmienky informaénych vstupov a preto
vyzaduju rozdielny pristup k ich riadeniu.

Inkrementalna inovécia je potenciadlne riaditel'na, pretoze zaciname s nie¢im,
¢o pozname a od toho odvijame zlepSenia. Ako sa presuvame k moznostiam
radikalnejSich zmien, miera neistoty sa zvysuje. Od istého bodu vstupujeme
do neznama, kedy je potrebné vymysliet’ nieco, o dosial’ neexistovalo.
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Existuji metodické postupy, ktorymi sa mdézeme dopracovat’ k vytvoreniu
nového technického systému, k navrhnutiu novej technoldgie, k navrhnutiu
rieSenia problému, priCom toto nové rieSenie bude jedinecné, spravne
a dosial’ neuskuto¢nené. V pripade diskontinudlnej inovacie su vysoké
naroky na predstavivost. Tento uhol pohladu pomdha pochopit, preco
vytvorenie napriklad technického objektu vyssieho inova¢ného radu vyzaduje
Specidlne podporné metodické nastroje a nestaci uplatnenie jednoduchych
metdd tvorivosti typu brainstorming. Vid’ popis metodik (1,9,11).

Uvedomenie si, ze zalezi na sposobe ako je proces vzniku inovécii riadeny,
vedie k snahdm tento proces spoznat’, porozumiet’ tomuto procesu, popisat’
ho a riadit’ tak, aby ndhode bol ponechany minimalny priestor.

Vo vSeobecnosti musi organizacia pri realizacii inovacného procesu riadit’
aktivity vo vSetkych jeho Specifickych fazach tak, ako su popisané v tab.1.

Tento proces ma zabezpecit obnovu (renovaciu) toho, ¢o organizacia pontka,
akym sposobom to vytvara adoddva. Odlisné situdcie v konkrétnych
organizaciach vedu k odliSnym rieSeniam. Samotné inovacie sa navzijom
liSia v rozsahu, povahe, miere novosti — rovnako tak sa liSia iinovujuce
organizacie a sposoby procesov inovovania. Co je spoloéné, to je cesta ktort
vSetci musia prejst. MozZno ju naznacit’ nasledovne:

spracovanie signalov — strategicky koncept — vyvoj produktu a priprava
trhu — uvedenie na trh.

Tab.1.
Popis faz procesu inovovania

Generovat’ napady - sledovat’ a skimat’ svoje prostredie (interné i externé),
Faza 1 aby bola schopnd rozpoznat' a spracovat’ signdly potenciadlnych inovacii
(spustace inovacii).

Cielene vybrat' napady (podnety), investovat do vybranej volby (vyberu)

Fdza 2 a ziskat’ znalostné zdroje (vyskum, licencie a pod.).
, Implementovat’ inovaciu, t.j. previest ju zpodoby napadu (prvotnej
Faza 3 - s qin e .
myslienky) cez potrebné stadia vyvoja az po finalnu realizaciu.
Faza 4 Ucit sa zo skusenosti, ¢o je mozné reflexiou predchadzajtcich faz a analyzou

(volitelna) dosiahnutych vysledkov (ispechov a neuspechov).
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Ako dosiahnut’ to, aby sa proces inovovania stal sucastou prirodzenych
a pracovnikmi osvojenych spdsobov myslenia aspravania sa, bude
predmetom nasledovného popisu faz procesu inovovania - ako interné¢ho
procesu.

Faza 1: Generovanie napadov realizaciou efektivneho prieskumu

Podobne ako antény zachytdvaju signaly z okolia, tak T'udia sledovanim
prostredia ktorého su sucast'ou, mozu ziskat’ signaly pre potencidlne inovécii.
Tieto signaly sa mdzu tykat' technoldgie, trhu, spravania sa konkurencie,
zmien v politickom alebo legislativnom prostredi ¢i novych socidlnych
trendov, pricom moézu pochadzat’ zvnuitra i zvonku organizicie. Skimanie
zmien vuvedenych oblastiach sa bezne realizuje vramci zauzivanych
odbornych ¢innosti v organizacii (marketing, kvalita, ...). Z hl'adiska procesu
inovovania je vSak potrebné zabezpecit', aby sa:

e hranice skumaného priestoru rozsirili a vytvorili novy priestor
(pre posobenie),
e ziskané informacie pruzne §irili a boli zdiel'ané vo vnutri organizacie.

Zo strany manazérov je ziaduce podporovat zvedavost pracovnikov
o novinky v oblasti ich odbornej prace a odmeiiovat’ zaujem o nové veci.

Vzhladom na to, Ze ide o ziskanie a Sirenie podnetnych informaécii, je to
predovSetkym  problém  komunikdcie, = motivacie,  organiza¢ného
a technického zabezpecenia ziskavania, uchovavania, triedenia a distribucie
informacii.

Netreba zabudat’ ze v jednotlivych odbornych tutvaroch organizacie sa
ziskavaju a existuju informéacie, ktoré mozu byt spastacmi mechanizmu
inovacie. Napriklad informacie o novych konkuren¢nych produktoch, novych

poziadavkach zakaznikov, o chybach vyzadujucich zmenu pracovnych
postupov a podobne.

V tejto faze procesu inovovania je délezité monitorovat’ nasledovné oblasti:

1. Trh - ako mnozina solventnych zdkaznikov ochotnych kupit’.
2. Zakaznici - ako konkrétni partneri v procese obchodovania.
3. Technoldgie - ako Specifické a opakovateI'né spdsoby dosiahnutia zmien.
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4. Ekonomika a spolo¢nost - ako svet v ktorom Zijeme a ktory sa vyvija.
5. Interni pracovnici - ako zriedlo napadov a rieSeni.

Kazda faza procesu inovovania je spojend s ucenim sa skusenostou. Prva
faza je Specifickd vtom, Ze dominuje ucenie sa zo skusenosti inych.
K tomu patri porovnavanie sa s konkurenciou ainymi organizéciami,
ziskavanie poznatkov zUspesnych projektov rieSenych inymi organizacii,
alebo metddy reverzného inzinierstva. Rad priemyselnych podnikov vd’aci
za svoj uspech stratégii kopirovania a nasledného vyvoja, ¢o je v zdsade
ucenie sa od inych. Dal§im suvisiacim zdrojom inova¢nych signalov mézu
byt aj omyly a netspechy, ktoré niekedy otvéaraji celkom nové smery uvah,
a tym aj podnety pre inovacie.

Priprava T'udi pre zapojenie do procesov vzniku inovécii bude hrat’ stile
vacsiu rolu. Nezahfna len vybavenie pracovnikov potrebnymi vedomost'ami,
ale vacsiu vahu ma ich ziskanie pre aktivity budovania siete znalosti. Nestaci
len ziskat’ ¢i zachytit’ signaly pre inovacie — treba ich spracovat’ a odovzdat
d’al$im l'ud’om v organizacii.

Faza 2: Cieleny vyber napadov a vol’ba v sulade s rozvojovymi smermi

Vysledkom prieskumu a sledovania prostredia (faza 1) je ziskanie stboru
napadov, pouzitelnych pre formulaciu inovaénych cielov. V druhej faze je
potrebné rozhodnut’, ktory napad vybrat aktory nie. Pre to nestacia iba
informacie o tom, ¢o teraz chclil zakaznici a o teraz robi konkurencia. Je
ziaduce chépat’ aj klicové parametre podnikatel'ského prostredia a poznat
vplyv miery osvojenia technoldgii na moznosti ich plného vyuzivania. Treba
sustredit’ pozornost na poznanie toho, aké vyhody prinaSaju existujuce
technologické znalosti, ako ich kumulovat, zdielat a implementovat
do novych produktov alebo procesov. A zaiste ito, ako knim mozno
ziskavat’" potrebné doplnkové znalosti. Tieto poziadavky suvisia nielen
s riadenim procesov ucenia sa v ramci firmy, ale aj so stratégiou investicii
a akvizicii.

Na podporu procesu rozhodovania a pre uspech inovovania je kritické
vytvorenie efektivnych postupov, kedze je potrebné =zabezpelit, aby
vygenerovanie dobrych napadov nebolo zbytocnou aktivitou snazivych
jednotlivcov.
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Strategické rozhodovanie patri jednoznacne do kompetencii c¢lenov
vrcholového manazmentu. Ich tilohou je teda i cieleny vyber a volba signalov
potencialnych inovacii, ktoré su v stilade so strategickymi ciel'mi organizacie.
Zjednodusene povedané, je potrebné najst’ odpoved na to, ¢o je potrebné
urobit’ pre uskuto¢nenie spravnej vol'by. Jednoduché otazka, ale pre ziskanie
odpovede je potrebné vykonat analyzy ana ich zdklade rozhodnut, ktoré
napady buda d’alej rozvijané prostrednictvom projektov, v akej vySke im
budu pridelené zdroje a urcit’ sposob zabezpecenia monitoringu ich riesenia.

Pre uspesné zvladnutie tejto fazy poskytujeme cCitatel'ovi vyber poznatkov
a overenych odporucani, ktoré st rozdelené do nasledovnych Casti:

1. Analyza a ¢innosti s flou spojené
2. Vol'ba a rozhodnutie
3. Monitorovanie

Faza 3: Implementacia inovacie

V ramci implementéacie inovacie ide o transformaciu vybraného néapadu
do reéalnej podoby. Tento proces vyzaduje realizaciu nasledovnych krokov:

e ziskanie potrebnych znalosti pre otvorenie konkrétneho inova¢ného
projektu,

e rieSenie inova¢ného projektu a

e zavedenie vysledku inova¢ného projektu (inovacie) na trh ajeho
udrzanie na trhu.

Pokial’ si podnik nemdéze dovolit’ investovat’ do vlastného vyskumu a vyvoja,
je potrebné najst sposob vyuzitia technoldgie, ktora vytvorili ini,
alebo vhodne doplnit’ kI'i¢ova technolégiu podniku. Dalsou moZnostou
ako nahradit’ vlastny vyskum je koncepcia tzv. otvorenych inovécii, ktora je
dnes uplatnovana viacerymi vel’kymi organizaciami. Napriklad firma Henkel
je znama svojou vyzvou vsetkym vynalezcom s prislubom urcitého podielu
na buducich ziskoch.

Vytvaraniu novych technologii sa moézeme vyhnut, ak sme stCastou
fungujticej siete spolupracujucich organizacii. Vyzaduje to vSak schopnosti
vyhladavat, vyberat a prenaSat technologiu z vonkajSiecho prostredia
do vlastnej organizéicie. Ku kl'i¢ovym schopnostiam potrebnym pre presun
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technolégie patri najmd vybudovanie resp. udrZiavanie postavenia v sieti
technologickych lidrov, zabezpecCenie suladu medzi internymi potrebami
a externou ponukou a efektivny transfer s naslednym ucenim sa a osvojenim
si transferovanej technologie.

Efektivne ziskavanie znalosti realizované v prvom kroku implementacie
inovacie je dolezité najma pre ziskanie faktov, na zéklade ktorych je mozné
cielene otvorit rieSenie  konkrétnych inovaénych projektov. Je
samozrejmostou, ze o efektivne ziskavanie znalosti usiluje  kazdy
z riesitel'ov projektu.

V prvych fazach rieSenia inovacnych projektov je mozné zmenit’ prakticky
vSetko, ale so zvySujucim sa objemom vlozenych zdrojov je stile tazSie
zasadne menit’ smerovanie projektu. Zna¢nym nebezpecenstvom modze byt
1 pred€asné ukoncenie projektu. V tomto pripade sa vystavujeme riziku, Ze
nedopracujeme inovaciu, ktord by mohla vzniknat pokracovanim rieSenia
projektu, pricom by mohla dosahovat kvalitativne novy rozmer.
Rozhodovanie o pokraovani resp. zastaveni projektu je Ziaduce vykonavat
systematickym spdsobom, ¢o vyZzaduje jasne stanovit’ body, v ktorych sa
bude rozhodovat  (pokracovat/nepokracovat’) a dohodnut vopred jasné
pravidla rozhodovania.

Paralelne s rieSenim samotnych technickych problémov, tykajtcich sa vzniku
inovéacie, mali by prebiehat’ ¢innosti spojené s pripravou trhu, na ktory ma
byt inovécia uvedend. Otazka prijatia nieCcoho nového je otazkou priebehu
vnimania, zaujmu, vyskuSania, ohodnotenia a prijatia. Aspekt zvazovania
vnimania nového produktu spotrebitelom moze byt zakomponovany
do metodického postupu samotného procesu vzniku inovécie.

V pripade implementacie procesnej inovacie vo vlastnej organizacii navyse
vyzaduje zvlastne zrucnosti v oblasti riadenia zmien. V tomto pripade sa
kladie zvysSeny doraz na komunikaciu, zapojenie ucastnikov a ich intervenciu
(napriklad prostrednictvom S$koleni , tréningu, ...), aby sa minimalizoval
odpor ku zmene.

Proces inovovania je dynamickym procesom. Dynamika tohto procesu je
zabezpecovana kontinualnymi inovacnymi cyklami réznej intenzity. Je to
dosledok skutocCnosti, Ze uvedenie inovacie na trh je stimulom pre novy
inovacny cyklus.
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Faza 4: Ucenie sa zo skdsenosti

Ziskané rieSenia mozno vyhodnotit’ nielen po ukonceni celého projektu, ale aj
v jeho milnikoch. Zo spédtného pohl'adu na priebeh riesenia rieSitelia mozu
ziskat’ cenné informacie z dokoncenych projektov — mozu sa ucit’ vlastnou
sktisenost'ou. Otazka je, ako sa tato moznost’ vyuziva v praxi. Prax ukazuje,
ze tu existuju velké rezervy. Ved’ naformulovat’ vsetky ziskané poznatky
(Gspech 1netspech) apremenit’ tacitné znalosti na explicitné (premenit’
sktsenost’ na komunikovatel'ni znalost), to vyzaduje usilie, ochotu a najméa
vedomie, ze pracujeme pre budicnost. Tymto spdsobom sa da vytvorit
znalostné baza organizacie, ktord moéze vyrazne prispiet’ k rozvoju uciacej sa
organizacie. Ucenie sa vlastnou skisenostou sa moze tykat nielen
technickych poznatkov, ale aj schopnosti apostupov potrebnych
pre efektivne riadenie inovacii.

Vicsina inovacnych projektov je rieSend v praxi interdisciplindrnymi timami
(konS$truktérmi, technolégmi, priemyselnymi inZiniermi, vyrobcami,
predajcami a uzivatel'mi), kde dochddza ku zdielaniu poznatkov, pohl'adov
a nazorov riesitelov ré6znych profesii. Preto je tu ziaduca suhra a vzajomné
ucenie sa. Na viac tu dochadza k vyuzivaniu prvkov simultanneho
inZinierstva, ¢o vyzaduje vzajomny re$pekt a porozumenie. Dal$ou vyhodou
simultdnneho inZinierstva je to, ze ndm umoZiuje vcas identifikovat
potencialne konflikty.

Ku vSeobecnym predpokladom realizicie inovacnych projektov patri
vytvorenie vhodného organizaéného prostredia, ktoré bude podporovat
timovl spolupracu v rdmci podniku ivramci vybudovanych sieti
spolupracujucich organizacii.

Efektivne riadenie inovacnych projektov vyzaduje zaistit’, aby vsetci v time
smerovali ~ k rovnakému, jasne stanovenému cielu. Aj ked to znie
ako samozrejmost’, nie vzdy sa to podari zabezpecit. Lahko sa strati
orientdcia a spolocné zameranie hlavne v pripade, ak nie je dostatocne
zdiel'and a komunikovana spolo¢na vizia. Treba si uvedomit’, Ze iba dobre
komunikované spolo¢né vizia ndm umoziuje spravne sa zamerat’ i na vacsie
mnozstvo paralelnych inkrementalnych inovacnych aktivit a zabezpecit
nevyhnutnu vzajomnu informovanost’.
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3. Odporucania pre rieSenie inova¢nych projektov

S inovaciami sa vzdy spaja hladanie cesty od napadu k GspesSnej realizacii,
od impulzu pre zmenu k jej prijatiu. Vzhl'adom na to, ze inovacné projekty
vyzaduji maximalne vyuzitie tvorivého potencidlu projektového timu a jeho
spolupracovnikov, vyzaduje sa pri nich okrem metodickej podpory
a zodpovedajuceho technicko-technologického vybavenia silnd podpora
zo strany vrcholového manazmentu. Této je zvy€ajne zabezpe€end niektorym
zClenov vedenia firmy. Od tohto c¢lena sa ocakava silné zaujatie
pre realizaciu napadu.

Prevlada presvedcenie, Ze implementdcia inovacie formou projektu je
spravnou odpovedou na to, ako zvladnut' zmeny, pretoze projekt v tomto
pripade moZno charakterizovat’ ako docasné Usilie zamerané na vytvorenie
jedinecného produktu.

Pre ul'ahcenie riadenia projektov su v nasledovnej Casti uvedené dolezité
poznatky a odportcania. Z dovodu ich praktického zamerania st rozdelené
do nasledovnych Casti:

e riadenie inovacného projektu (otdzka projektového manazmentu),

e metodickd podpora samotného rieSenia projektu (otdzka vecného
rieSenia ulohy).

3.1. Riadenie inova¢ného projektu

Vo vSeobecnosti projektom rozumieme sekvenciu CcCinnosti, ktora ma
formalny zaciatok a koniec, pridelené¢ zdroje a smeruje k vytvoreniu urc¢itého
produktu. Existuju Styri typické znaky projektov ktoré ich odliSuju od inych
manazérskych Cinnosti (pokial’ sa vyskytuju spolo¢ne). Jednd sa o to, ze
projekty maju trojrozmerny ciel’, st jedinecné, zahrituji zdroje a realizuju sa
v ramci organizacie. To, Ze maju trojrozmerny ciel’ znamend, Ze musia byt
sucasne splnené nasledovné poziadavky: vecné uskuto¢nenie, dodrzanie
casového planu arozpoctovych ndkladov. Kazdy projekt je jedinecny,
pretoZe sa realizuje len raz, je doCasny a (temer v kazdom pripade) na fiom
pracuje ina skupina ludi. VysSie uvedené charakteristiky vytvaraju
predpoklady pre vytvorenie unikatneho nového vyrobku alebo sluzby
v definovanom Case a pri spotrebe obmedzenych zdrojov.
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Metodickli bazu pre riadenie inovacnych projektov poskytuje teoria
projektového manazmentu. Projektovy manazment s vlastnou tedriou
a pragmatickymi postupmi a aplikaciami oSetruje dve zlozky:

e riadenie projektov -  zabezpeCuje vyber, rieSenie a realizaciu
projektov,

e vytvaranie projektového prostredia je zamerané - na dosiahnutie
stuladu podnikovej stratégie ainovacnych projektov, koordinaciu
suboru projektov, technicki amanazérsku podporu projektov,
ako aj na vytvaranie projektovej organizacnej Struktury.

Aplikacia projektového manazmentu v podniku, je pre riadenie inovacii
jednym z organiza¢nych predpokladov dosiahnutia uspechu. Teoria riadenia
projektov, tak ako je rozvinutd v projektovom manazmente pre rieSenie
projektu, pontika metédy a odporticania zamerané na planovanie a kontrolu
efektivnosti vyuzivania €asu a pridelenych zdrojov.

Podl'a (6) projekty vyvoja novych produktov tvoria najvacsiu cast’ vSetkych
projektov a maju viaceré vynimocné rysy. Cim sa lisia od inych projektov je
mozné struéne charakterizovat’ nasledovne:

1.

Konkurenény tlak, najvhodnejsi okamzik pre vyuZitie obchodnej
prilezitosti a vyhody prvého na trhu vedu ktomu, Ze najkritickejSou
castou projektu je obvykle plnenie planovanych terminov.

Dosiahnuté parametre produktu st vysledkom marketingového
kompromisu medzi odhadom casu, ktory je k dispozicii, a vyhodami,
ktoré ma novy produkt priniest budicim uZivatelom. PoZiadavky
na produkt musia tiez zahfnat’ vyrobné naklady a cielovl predajnt cenu.

Kritickym bodom je rozdelovanie obmedzenych zdrojov (hlavne
Pudskych, ale tiez materidlnych) medzi vzdjomne si konkurujice
investi¢né prilezitosti pre projekty.

Projekty obvykle zaddva a financuje vlastnd organizéicia, zriedka sa
realizuji  formou kontraktu na dodanie urcit¢ho vysledku inou
organizaciou.

Vyvoj novych produktov zahfiia mnoho réznych druhov projektov. Méze
ist ovelmi malé projekty alebo rozsiahle projekty. Technologicka
naro¢nost moze byt mald alebo moZze vyzadovat zloZitu integraciu
niekol’kych technologii. Napriklad vyvej nového lekarskeho
diagnostického systtmu moZe vyuZivat technolégie z oblasti
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mediciny, mechaniky, optiky, elektroniky, chémie i softvérového
inZinierstva.

6. Je dolezité uspokojit ako zakaznika (produkt kupuje), tak uzivatela
(produkt skutoCne pouziva). Vo vicSine pripadov vedie od vyrobcu
k miestu predaja distribucny kandl a jeho sprostredkovatelia
(maloobchodné  retazce, velkoobchodni  distribitori, obchodni
zastupcovia ~ vyrobcu,...) sa  vyznamnou mierou  podielaju
na uspechu/netispechu produktu.

7. 'V priebehu vyvoja prebieha nepretrzity prieskum trhu.

8. Casovo naro¢ny andkladny vyvoj nového produktu uz sam o sebe
vyZaduje multiprofesijny projektovy tim a koordinéciu vSetkych ¢innosti.

Ak kuvedenym znakom projektov vyvoja novych produktov pridame
zoznam problémov, ktoré mézu novy produkt postihnit’ ked’ sa dostane
na trh aproblémy s pridelovanim zdrojov, mozno si vytvorit' predstavu
o narokoch na riadenie inovac¢nych projektov, ktorych vysledkom je novy
produkt.

Pri rieSeni inovac¢nych projektov mdézeme postupovat’ rézne. AvSak vzdy je
ureny manazér projektu a v zmysle pravidiel projektového manazmentu je
mu pridelena pravomoc i1 zodpovednost’ za spdsob zabezpecenia koordinacie
prace ¢lenov projektového timu. Ciele su spravidla jasne a presne stanovené
a doraz na splnenie stanovenych cielov pri dodrzani ¢asovych a zdrojovych
limitov je povazovany za samozrejmost. NajCastejSie nastdva pripad, Ze
manazér projektu alebo veduci projektu plnia irolu metodika, teda
rozhoduju o postupoch, ktorymi sa projektovy tim dopracuje v jednotlivych
fazach rieSenia k pozadovanym vysledkom. V pripade inova¢nych projektov,
ktoré¢ su realizované v spolupraci s poradenskou spolo¢nostou, ulohu
metodika preberd poradca. Takto je to i v pripade vyvoja novych produktov,
navrhovania novych produkénych systémov, ¢&i zavddzania novych
rozvojovych konceptov.

3.2. Metodicka podpora rieSenia inova¢ného projektu

Tedria projektového manazmentu neriesi otazku metodickej podpory rieSenia
problémov, ktoré su predmetom inova¢ného projektu. Pre cielené rieSenie
vytvarania inovacii sa v priebehu druhej polovice minulého storocia vyvijali
Specifické metodické nastroje ametddy pre uskutoCnenie Cinnosti
v jednotlivych fazach rieSenia inovacného projektu. V tomto smere mézeme
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zaznamenat praktiky v Sirokej Skdle - od intuitivheho pouzivania metod
tvorivého myslenia, cez heuristické postupy az po ucelené metodiky.
Orientovat’ sa v mnozstve metdod a metodik a ziskat' zrucnost' volby
vhodného metodického ndastroja pri rieSeni konkrétnych uloh je casto
narocné. OdliSovat’ metddy a metodiky je uzitoné, najmi preto aby sme
mohli posudit’ vhodnost’ pontkanych metodickych ndastrojov vzhl'adom
na narocnost’ rieSené¢ho problému.

Pri rieSeni menej zloZitych technickych problémov, resp. inkrementdlnych
inovacii mozu ako podpora hl'adania novych rieSeni postacovat’ jednoduché
metody, zname ako metody tvorivej timovej prace. V suCasnosti je
vybudovany i publikovany pestry subor metod tvorivého myslenia, ktoré je
mozné pouzit' pre vymyslanie novych rieSeni (9, 11, 12). Metody
tvorivého myslenia z hl'adiska inova¢nej praxe su prinosom iba vtedy, ak ich
dokdzeme vhodne pouzit. DdlezitejSie, ako poznat tieto metddy, je mat
osvojeny spdsob myslenia ktory aktivuje tvorivost’ a raciondlne spravanie
Tudi.

Pokial’ usilujeme o vytvorenie inovécie, ktord bude vykazovat’ vysSiu mieru
novosti, resp. usiluyjme o diskontinualne inovacie, pripadne rieSime zlozity
technicky problém, potrebujeme silny metodicky ndstroj - typu komplexna
metodika.

I ked’ vlastné metodiky podnikov ako aj metodiky poradenskych organizacii
mdézu byt mimoriadne zaujimavé a ucinné, pre potreby vsSetkych st
k dispozicii iba tie, ktoré su publikované, vSeobecne pristupné a overené
praxou. Z kategdrie publikovanych metodik maju Specifické postavenie
metodiky zalozené na funkcéne - ndkladovom principe (9). Odporti¢ame sa
zamerat’ na hodnotovy manazment, metodiku TRIZ a metodu WOIS.

Skusenosti s pouzivanim hodnotového manaZmentu pri rieSeni inova¢nych
projektov v priemyselnej praxi st publikované (s detailnym vykladom
celkovej filozofie 1 metodického komplexu v jednotlivych fazach
inovacného procesu) v (10, 11, 12). Tieto publikdcie mézu sluzit’ ako
Studijny material pre metodikov a zaroven ako rdmec pre vytvaranie
vlastnych aplikécii.

Metodika TRIZ svojimi analytickymi a syntetickymi metodami predstavuje
kombinaciu dialektickej logiky, psychologie tvorivosti a vynalezcovskej
sktisenosti. Spaja v sebe vedecku atechnicku tvoriva pracu, pomaha
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premietnutiu  T'udského poznania prirodnych vied do zmodernizovanej
alebo novej techniky. Obsahuje dve navzajom sa doplajuce asti, ktorymi st
funkéne—nakladovd analyza zdokonalovaného systému a metéoda ARIZ
(Algoritmus RieSenia Invenénych Zadani). Zaujemcom o uvedené metodické
nastroje mozno odporucit’ publikacie, ktoré priblizuju filozofiu a postupy
vediace ktvorbe arieSeniu inovaénych zadani vhodnych najma
pre navrhovanie technickych systémov (1). Z tohto pohl'adu metodiku TRIZ
je mozné povazovat za Specificki nadstavbou hodnotového manazmentu.
Vdaka pocitacovej podpore (v stcasnosti tito podporu zabezpecuje
softvérovy systém Invention Machine), vytvara moznost efektivneho
vyuZivania celosvetovej databazy patentov, ¢o najmé v pociatocnych etapach
vyvoja novych vyrobkov silne podporuje tvorbu rieSeni vyssich inovaénych
radov.

TRIZ patri k pokrocilym néstrojom podpory vzniku inovéacii. Potreba rieSenia
zlozitych  technickych problémov  vSak vyzaduje ndjst spdsob,
ako prostrednictvom Specializovanych pracovisk uvedené nastroje vyuzivat
v priemyselnej praxi. Dosledné uplatnenie aplikacii  hodnotového
manazmentu a metodiky TRIZ v priemyselnej praxi vyZzaduje
kvalifikovanych (vyskolenych) metodikov. Inapriek svojej narocnosti je
metodika TRIZ pouzivana.

Signadlom aktualnosti hodnotového manazmentu je prijatie eurdpskych
noriem (14, 15), ktoré Standardizuji tento koncept pre eurdpsky trhovy
priestor. Hodnotovy manaZment po silnom utlme v roku 1989 zatial’ v naSom
podnikatel'skom prostredi nie je dostatone vyuzivany (podla naSich
znalosti). PrinaSa vSak vzor pre uplatnenie systémového myslenia, ktoré je
vhodné pre tvorbu vlastnych metodickych postupov s vyuzitim funkéne-
nakladového (hodnotového) principu.

Spokojnost’ zakaznika a ekonomickost’ produkcie su dovodmi, pre ktoré
inovatori usiluyjd o optimalizdciu hodnoty. ZvySenie hodnoty
novovytvaran¢ho objektu ako pomeru uzitku (uspokojenie potrieb) a spotreby
(pouzitie zdrojov) mozno dosiahnut’ piatimi sposobmi (obr.2).

Uspokojenie potrieb 1 " ) = )
= alebo— alebo alebo alebo
Pouzitie zdrojov t = V W Wi

Obr.2.: Sposoby dosiahnutia zvySenia hodnoty
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Uvedené vnimanie hodnoty (podrobny vyklad vid’ (5, 14)). umozni mysliet’
v relaciach hodnotového manazmentu a v jeho ideovom ramei popisat’ postup
rieSenia inovacénych projektov. Preukdzat dosiahnutie zvySenia hodnoty je
mozné, na zéklade porovnania existujlicecho a novo navrhovaného rieSenia
(rieSeni), prostrednictvom metdd viackriteridlneho hodnotenia variantov.
Konkrétne metdédy pre takého hodnotenie je mozné ndjst’ v prirucke
hodnotovej analyzy (10, 11).

Aplikacie hodnotového manazmentu a metodika TRIZ ziskaji vynimo¢ni
dolezitost najmd v pripade, ked budu pouzivané¢ v kombinacii
s nasledovnymi pokrocilymi néstrojmi podpory inova¢ného procesu:

1. Metoda QFD (Quality Function Deployment) a jej modifikacie, ktoré
predstavuji vykonny ndastroj pre skiimanie interakcii medzi réznymi
ucastnikmi vyvojového procesu. Hlavnym prinosom tychto metdd je
fakt, ze poskytujii vSeobecnu Struktiaru, v ramci ktorej] moéze prebiehat
diskusia medzi ¢lenmi timu roéznych profesii. Poskytuju spolo¢ny jazyk
a systematicky mechanizmus pre skiimanie a rieSenie mnohych
typickych otazok/problémov.

2. Zname systémy pocitatovej podpory (CAx — Computer aided ...), ktoré
umoznuji simulacie, spolo¢né skiimanie navrhovanych koncepcii
a urychl'uju vlastny vyvojovy proces.

3. High technolégie, ktoré poskytuji zhotovenie fyzickych modelov
navrhnutych konceptov vo velmi kratkom case, ¢o urychluje cely
vyvojovy proces. Prikladom takychto technologii st napriklad: Rapid
Prototyping, Rapid Tooling, Reverse Engineering a podobne (2).

Co je dobré vediet’ o realizacii inovaénych projektov

Proces rieSenia tlohy formou inovacného projektu predpoklada, Ze v stlade
so strategickymi zdmermi je vytyCeny ciel a prostriedky na jeho realizaciu. Je
ustanoveny rieSitel'sky tim, ktory  prostrednictvom prvkov procesu
inovovania (riadeny inovacny proces) usiluje o dosiahnutie vyty€eného ciel’a.
Previazanost’ prvkov ilustruje obr.3.

Na prvy pohlad sa mdze zdat’, Ze popisany proces inovovania je jednoduchy
a racionalne mysliacimi I'ud'mi vzdy dodrziavany. Prax tomu nenasvedcuje.
I ked’ logika postupu byva dodrzand, viacsinou rieSitel'ské timy podcenia
pripravn fazu, nestracaju as ani hibkovymi analyzami (v analytickej faze)
a snazia sa ¢o najskor vymysliet’ nové rieSenie.
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Vzhl'adom na tieto skisenosti, st v nasledovnom popisané aktivity, ktoré
musia byt realizované najmi v prvych dvoch fazach procesu, ak ma byt
pripravena poda pre vymyslanie novych rieSeni.

Fazy procesu

Kluczowe
dziatania

Techniki,
instrumenty

Zatozenie
podstawowe

STAV

Przygotowawczal Analityczna Innowacyjna Oceniajaca Wdrozeniowa
Okresli¢ objekt | Zapoznac sie z |Zalez¢ nowe Podjas decyzje o |Realizowaé
rozwigzawania | istotg objektu rozwigzania realizacji nowe
rozwigzanie
Identyfikacja Analiza Techniki Metody oceny  |Zdolnosci
problemow i funkcyjna tworczosci organizacyjne i
przyczyn $rodki
Praca zespotowa
Stan Stan
jest powinno by¢
STAV
MA BYT

JE

Obr.3.:

Previazanost’ prvkov procesu inovovania
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Pripravna faza

Stcastou pripravnej fazy je doslednd priprava potrebnych informacii. Vzdy
je potrebné dokladne si ujasnit’, ¢o je objektom rieSenia. Objektom rieSenia
moze byt ¢okol'vek, ¢o je vysledkom l'udského snazenia — st to produkty
I'udskej prace (vyrobok, sluzby, procesy, systémy, vztahy). Objektom
rieSenia moze byt tiez ktorykol'vek z ¢initelov vyrobného procesu (vyrobok,
surovina, technolodgia, stroj, energia, pracovna sila, organizacia). Signalom
potencialnej inovacie najCastejSie byva problém, ktory zdaroven iniciuje
zadanie rieSenia. Objektom rieSenia ma byt’ pricina problému, nie dosledok.
Z toho dbévodu je potrebné preskamat’ celd skdlu moznych pricin.
K zistovaniu pri¢in moze sluzit’ bezne pouzivany diagram pric¢in a nasledkov
(Ishikawov diagram).

Nech uz je objektom rieSenia ktorykol'vek z produktov ludskej prace
¢1 vyrobnych Cinitel'ov, pripravna faza je urCend k sustredeniu, spracovaniu
a vyhodnoteniu dostupnych informdcii o objekte, ktory ma byt analyzovany
a nasledne navrhnuté jeho nové riesenia. Predpokladom efektivnej prace
rieSitel'ského timu je dokladné poznanie a objektivna analyza poznatkov
o suCasnom stave.

V pripravnej fdze rieSenia inovacného projektu odporti¢ame realizovat
nasledovné kroky:

Popis realneho objektu ako systému.

Stadium histérie objektu a substitatov.
Procesné analyza.

Intuitivne zistenie funkcii.

Generovanie a analyza poziadaviek na systém.
Komponentny model.

NS kR =

Struktarny model.

Cim viac relevantnych informacii sa zisti a dokumentuje v pripravnej faze
rieSenia inovacného projektu, tym efektivnejSia moéze byt praca
v nasledujucich fazach rieSenia projektu.
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Analyticka faza

Analytickd faza je zamerana na vytvorenie modelu idedlnej funkénosti
objektu analyzy a na formulovanie zadania k realizicii tohto modelu. V tejto
faze je preferovana funk¢ne-nakladova analyza, ktord umoziuje:

e  dosledné skumanie podstaty objektu,

e  proces abstrakcie,

e transformaciu konkrétnej formy analyzovaného objektu do jeho vSeobecnej,
zastupitel'nej podoby pomocou stuboru funkeii,

e skumanie vymedzeného spravania sa a vedlajSich ucinkov, teda funkcie
objektu ako ucelového systému,

e proces zovSeobecnenia problému definovanim funkcii, ¢im sa zamerne
zatiefiuje konkrétna podoba redlneho objektu, atak sa zabrani vzniku
nepriaznivych dosledkov funkénej fixacie,

e odstranovanie stereotypov myslenia a vSetky dalSie predstavy zvézujlce
tvorivost,

o identifikovat funkcie a zostavit ich zoznam, usporiadat’ funkcie,
charakterizovat’ funkcie, zostavit ich do hierarchického usporiadania,
hodnotit” funkcie.

e urCit naklady na funkciu (nadklady na funkcie nemézu byt presné
a nespochybnitel'né - sluzia pre ziskanie predstavy o narokoch na spotrebu
zdrojov konkrétneho technického riesenia).

e  stanovit kritické funkcie, ktoré budi predmetom rieSenia projektu,

e ndzornu prezentaciu dosiahnutych vysledkov.

Déslednym vySetrovanim jednotlivych funkcii z hl'adiska uZito€nosti
1z hladiska nakladov dostavame informaciu, ¢o zmenit, ktoré funkcie
realizovat’ inak, ktorym smerom sa ma uberat’ usilie inovatora. Je tak
pripravend poda pre nasledovnu inovacnt fazu, v ktorej pomocou metod
tvorivého myslenia st vytvarané varianty novych rieSeni.

Inovaéna faza

Vstupom do inovacnej faze je supis kritickych funkcii a dokladné poznanie
skamaného objektu, ktory je predmetom procesu inovovania. Cielom prace
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timu vtejto faze je vytvorit ndmety na nové rieSenie. To je zviazané
s nasledovnymi aktivitami:

e zhrnutie poznatkov z predchadzajtcich faz rieSenia,
e Klasifikacia jednotlivych zadani a vyber spdsobov riesenia,
e vyhladdvanie ndmetov na nové rieSenia,

e formulovanie komplexu ndvrhov na zdokonalenie objektu.

Postup rieSenia tuloh v tejto faze je vyrazne ovplyviiovany zlozitostou
rieSeného problému, ziskanym poznanim v predchadzajacich fazach,
schopnostou a zruénostou uplatnenia technik tvorivosti a zru¢nostou vedenia
timov.

Vytvaranie novych rieSeni je zlozitym procesom tvorivého myslenia
a kritického hodnotenia. Vychéadza z jednoznacne definovanych funkcii a je
snaha vygenerovat maximum nametov na rieSenie. Nametom sa rozumie
mySlienka, alebo len naznafenad predstava rieSenia. Navrhom sa rozumie
prepracovana a vyhodnotend moznost’ rieSenia. Je mnoho metdd vytvarania
a zbierania napadov. Nie vSetky z nich su vSak vhodné pre vSetky situacie.
Moézu byt rozdelené podla mnoZstva a jedinecnosti napadov, ktoré ich
aplikacia produkuje. Najprv sa treba opytat, aky typ napadov chceme
zbierat’.

NajjednoduchsSou metddou je zozbierat’ uz existujuce napady. Toto je mozné
zbieranim z dokumentov, od o0s6b pomocou rozhovorov, dotaznikov,
prieskumom literatury, alebo na stretnutiach, kde sa l'udia delia o napady
za pomoci moderdtora. Ak sa zjednoduchych metdéd nevytvoria nové
uspokojujtiice ndvrhy, je mozné pristapit’ ku zlozitejSim tvorivym technikam.

Je mnoho takych technik, ktoré su navrhnuté na obidenie negativneho
myslenia a odkryvanie nepreskimanych oblasti stimulovanim tvorivého
myslenia. Su navrhnuté na potlatenie zvykovych, vnemovych,
predstavovych, kultirnych a emocionédlnych blokov, ktoré brzdia tvorivost'.
Timova praca, techniky tvorivosti a zrucnost’ vedenia timov su univerzalne
nastroje pre rieSenie uloh. Nie st viazané na ziadnu Specialnu metodiku.
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Hodnotiaca faza

Je prirodzenou fazou kazdého racionalneho procesu. Pri hodnoteni vysledkov
inovacnej fazy treba vychadzat’ z vopred urCenych kritérii pre posudenie
vhodnosti ndpadov anametov na konkrétne rieSenia, ktoré boli dosial
vygenerované. V sulade stym, ako postupuje proces od vSeobecného
ku konkrétnemu, uplatiiuji sa irozdielne nastroje pre kvalifikované
rozhodovanie o prijati ¢i odmietnuti navrhovanych variantov.

Implementacna faza

Implementacnd faza je prirodzenou zlozkou raciondlneho pracovného
postupu. V tomto pripade treba nou rozumiet zavereCni fazu rieSenia
inovacného projektu. V priebehu tejto fazy sa kladie doraz na sumarizaciu
zisteni aich prezentdciu. Je vypracovand detailnd sprava, ktord popisuje
vysledky vsetkych predchadzajucich faz rieSenia projektu.

Dana sprava je odovzdand zadavatelovi projektu pre potreby jeho d’alSieho
vyuzitia. V pripade prijatia navrhované¢ho rieSenia dand sprava je
rozhodujucim vstupom pre realizdciu samotnej inovacie.

Pri inovacnych projektoch obycajne nasleduji fazy za sebou v sekvenciach.
Je to cyklicky proces. V praxi je ¢asto nutné vratit’ sa do predtym ukoncenej
fazy pre viac informacii, alebo vykonat dodato¢nti pracu nutna
pre vykonanie rozhodnutia. Proces inovovania vyuziva velké mnozstvo
metdd a ich kombinacii. Struktiru najviac vyuzivanych metod pre tito oblast’
poskytuju metodiky hodnotového manazmentu.

Inovécie su viditelnymi vysledkami neviditelnych vonkajSich procesov,
ktoré musia byt riadené. Vztah l'udia k cielom a k zmendm ma znacny vplyv
na dosiahnutie vysledku vo forme vybornych vysledkov prace. Zmena
spravania sa l'udi, nie je jednoduchd, ale mozna. Uvedomenie si neustélej
dynamiky zmien je vychodiskovym bodom pre vznik inovacii, na ¢o musi
reagovat’ organizdcia zmenou procesov 1 produktom. Od manazérov sa
ocakava riadenie tychto procesov, od pracovnikov sa o¢akava ochota zapojit’
sa do procesov vytvarania novych veci.
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Zaver

Inovacie su viditelnymi vysledkami neviditeI'nych vonkajSich procesov,
ktoré musia byt’ riadené. Vztah l'udia k cielom a k zmenam mé znacny vplyv
na dosiahnutie vysledku vo forme vybornych vysledkov prace. Zmena
spravania sa l'udi, nie je jednoduchd, ale moznd. Uvedomenie si neustalej
dynamiky zmien je vychodiskovym bodom pre vznik inovacii, na ¢o musi
reagovat’ organizacia zmenou procesov i produktom. Od manaZérov sa
ocakava riadenie tychto procesov, od pracovnikov sa o¢akava ochota zapojit’
sa do procesov vytvarania novych veci.

Prispevok tieZ poukazuje na skuto¢nost’, Ze nemozno budovat’ novodobé
systémy riadenia bez vyuZivania teoretickych zikladov a metodickych
nastrojov podporujucich vznik inovacii.
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1. Introduction

The views on occupational safety vary depending on the transformation
of management conditions and the development of science and technology. Within
the last few years, the interest in safety management has increased due to the
growing awareness that safe work implies larger profit for the company. The
implementation of market economy system and the resulting competition stimulate
economic management, and the role of economic stimuli connected with
occupational safety becomes more and more important. In the current approach,
occupational safety is not limited to prevention of employees’ injuries and
profession-related disorders, but also refers to all incidents resulting in damages, e.g.
breakdowns, stoppages, environmental pollution.

Currently, there is a common belief that appropriate occupational safety
management is the most effective measure to ensure occupational safety and should
constitute an inherent part of company management.

Occupational safety management includes aspects of general management related to
the establishment and implementation of occupational safety policy, within which
the following issues can be distinguished: the application of preventive measures as
the fundamental aim of occupational safety management system, prevention of
profession-related risk on the basis of risk assessment, preparation of documents
facilitating the measures related to occupational safety, implementation of the
principle of ,,constant improvement” on the basis of the assessment of risk level and
the achieved indicators (1).

This study presents systemic elements influencing the implementation
of occupational safety management, the applied occupational safety indicators and
their use in the establishment of a diversified interest rate of accident insurance, as
well as a safety level analysis in companies within various branches of industry.

2. Elements of systemic management of occupational safety

The problems related to occupational safety have been solved throughout
centuries. It was not until the end of the 20th century that work safety started
to be approached systemically.

Effective occupational safety management depends on harmonious
coexistence of a series of systems, such as: research and certification system,



NOVE ASPEKTY ROZVOJA VYROBNYCH ORGANIZACIi

legal measures, scientific and educational measures and economic measures
(Fig.1).

Occupational safety management

Research
and certification
system

Legal measures
system

Economic
measures system

Scientific
and educational
measures system

Fig.1.: Occupational safety management and cooperating systems, (own study)

Research and certification system is a system operating on the European
Union level with the aim to ensure free flow of goods in the Economic
Community area, characterized by certain safety features concerning the use
of these goods. The aims of the research and certification system are:

e harmonization of technical requirements and procedures (technical
harmonization directive),

e setting fundamental safety requirements for individual product
categories,
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e harmonization of the existing technical standards and participation in
the process of establishment and harmonization of European technical
norms,

e cstablishment of assessment procedures concerning the coherence of
products with fundamental requirements (CE marking),

e setting the requirements for authorized laboratories responsible for the
activities provided for in the conformity procedures,

e setting the requirements for certification units (notified).

Legal measures system aims at the establishment and implementation of legal
requirements ensuring the citizens of individual countries life and health
protection and safe work conditions. This system operates differently in
every European Union country. In Poland, the most important legal act in the
scope of occupational safety is the Constitution of the Republic of Poland and
the act issued on the basis thereof — the Labour Code. In referrence to the
Labour Code (most frequently to its Section 10) more datailed acts and
ordinances are issued, aiming at the establishment of safe and hygienig
occupational conditions, enabling the state to supervise them and to control
the implementation of the EU directive into the national law.

Scientific and educational measures system includes education and scientific
work.

Education should include all levels of knowledge acquisition
through the introduction of issues concerning occupational safety
and hygiene as well as ergonomics into the curricula. Moreover, some forms
of post-school education should be taken into consideration in this scope
(compulsory and performance improvement trainings). Especially for this
area, the forms of work safety trainings should be diversified, including more
and more broad use of e-learning (2,3).

Scientific work, i.e. research and development, grants, strategic programmes,
budget financing aiming at conducting research and implementation of work
methods, technques, technology, enabling animproved protection of
employee’s life and health (including group safety measures and individual
safety measures as well asthe establishment of highest permissible
concentration and intensity).
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Economic measures system. This system may encompass the operation
of economic incentives connected with the amount of customs duties, credit
interest rate, taxation and the amount of the so called accident insurance.

The system of credit measures is a preferential interest rate of credits
dedicated to the improvement of work conditions (purchase of safer
technology, machines, devices, etc.).

Customs measures system is the customs policy of the state, diversification of
customs duties for goods imported from abroad in view of the dangers which
they may pose and the required certificates, as well as goods serving to
protect and save human life.

Tax measures system can include allowances for employers, who incurred
expenditures for the purpose of occupational safety and hygiene, tax
allowances for producers of certain goods serving the purpose of life
or health protection.

Unfortunately, in Poland there is no system of credit, customs and tax
economic measures. In 2003 there have been some changes in the standards
for setting the interest rate of installments for insurance against work
accidents and profession-related disorders (4,5) (accident insurance), which
results in diversified accident insurance amounts. The interset rate of accident
insurance depends on the indicators connected with occupational
environment safety and occupational safety (rate of accidents). These are
frequency indicators which depend on the number of employees working in
conditions of exceeded hygiene norms, number of employees who sufferred
from accidents at work, number of employees who sufferred from severe or
fatal accident at work and the number ofidentified profession-related
disorders.

On the basis of these indicators partial risk categories are established, as well
as the risk category foragroup of activity (production branch) and
individually for the company. If the company reaches a lower risk category
(higher safety level) than the set category for a given group of activity, the
interest rate of the accident insurance installment is corrected with the use
of the factor lover than 1. In case if the company reaches a higher risk
category (lower safety level) than the category set for a given group
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of activity, the interest rate of the accident insurance installment is corrected
with the use of a factor higher than 1. For example: a company ,,production
of metal and metal goods” hires 300 employees of a monthly gross income of
PLN 3 000 (EUR 750). The risk category set starting from 1.04.2009 for this
group of activity is category no 9 and the interest rate of the accident
insurance installment amounts to 2%. If a company separately acquired the
same category, the yearly sum allotted to accident insurance amounts to PLN
216,000 (EUR 54,000).

If the risk category set individually for a company is by 4 categories lower
than the risk category set for its group of activity, then the corrective factor
amounts to 0.7, and thus the interest rate of the installment for accident
insurance amounts to 1.4% - the yearly sum for this insurance amounts to
PLN 151,200 (EUR 37,750) (a saving of PLN 64,800 (EUR 16,200) in a
year). However, if arisk category set individually for a company is, for
example, by 4 categories higher than the risk category set for its group of
activity, then the corrective factor amounts to 1.3, and thus the interest rate
of the installment for accident insurance amounts to 2.6% - yearly sum
allotted to this insurance amounts to PLN 280,800 (EUR 70,200).

3. Work safety factors

The knowledge on accident rate factors can be used to compare the level of
safety between particular branches of business, companies and periods of
time. These factors also have informative and motivational function in the
process of undertaking measures to reduce the accident rate. Informing
employees on own accident rate, comparing it between departments with the
rates of other companies is one of the elements to stimulate safety awareness
and develop occupational safety culture.

The most popular indicators defining the occupational safety level are the so
called accident rate indicators - the indicator of accident frequency and the
indicator of accident gravity, defined by the following formulas:
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work accident rate indicator,

work accident gravity indicator,

number of employees (insured),

number of employees, who suffered from accidents at work,
number of accidents at work,

sum of lost days (absences) due to accidents at work.

Moreover, according to the ordinance on the diversification of accident
insurance interest rate, indicators of occupational safety level influencing the
establishment of risk category for the payer of the contributions for accident
insurance are as follows:
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- number of employees, who suffered from fatal or severe

accidents at work,

—  number of people employed in dangerous conditions,

which are present in situation when the highest
permissible level of concentration and intensity of health
damaging factors in the work environment has been
exceeded.
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An accident at work is a sudden incident causing an injury of the person
involved, resulting from an external cause due to work:

e during or in connection with conducting regular work activities
or carrying out superior’s orders,

e during or in connection with conducting work activities lying within
the interest of the company, even without superior’s order,

e during the time when the employee remains at the disposal
of the employer.

The following circumstances are the prerequisite to qualify the accident
as equal with accident at work:

e during business trips, unless the accident was caused by
the employee’s behaviour which was not related to the performance of
tasks entrusted to him or her,

e during a training in the scope of common self-defense,

e during the performance of tasks commissioned by the trade union
organisation operating within the employer’s company.

An accident is considered as severe work accident, if it results in severe body
injuries, such as: loss of sight, hearing, speech, fertility or other body injuries
or disorder of health, disturbing the basic function of the organism, as well as
a terminal disease or a life threatening disease, permanent psychological
disaese, total or partial inability to work in the given profession or a
permanent, substantial disfigure or deformation of the body.

An accident is considered as fatal accident at work, if it results in death
within 6 months upon the accident date.

Accidents are complex incidents. Their occurrence is a result
of a combination of technical, environmental, human and organisational
factors.
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4. Occupational safety level in companies in chosen lines
of bussines

The assessment of work safety level in chosen lines of business in the Polish
industrial sector requires a reference to the number of people employed
according to the systematics of the Polish Classification of Business Activity
(PKD) and the publication of the Central Statistical Office (GUS). The last
full data published by GUS refer to the state as of December 12, 2008, when
there were around 14 million of people employed in Poland. In the “industrial
processing” sector in Poland there are around 2.7 million people employed,
which constitutes around 19.3% of the total number of the employed.

Industrial processing, both concerning the number of employed and the
number of work accidents, scores on top of the classification. In 2008, around
41 thousand people injured were registered in this sector, and in 2009 there
were around 30.5 thousand injured in work accidents (Table 1). The sector
employs around 19.3% of the total number of employees in Poland, whereas
when comparing the numbers of people injured, in 2008 the percentage
constituted over 39% of the total number of injured and in 2009 over 35%.

Also the indicators presented in Table 2 inform on the frequeny of certain
accidents. In average, there are 7.44 people registered as injured in accidents
at work in Poland for each 1000 of employees. Comparing this number to the
analogous indicator referring to industrial processing (15.18) we can
conclude that employees in this sector are subject to twice as many work
accidents as the national average. The situation is even more alarming in the
mining sector (17.10) and metal industry sector (18.41). Taking under
consideration the above, the textile industry (6.10) seems to be the sector of
economy where work conditions are much safer.

The accidents’ statistics is inseparably connected with the information
on how severe the work accident actually was. Individual indicators
presented in Table 1 and 2 contain this information. Accidents are classified
according to their gravity, taking under consideration the number of days of
absence, or according to the definitions of severe and fatal accident presented
above (any other accident is the so called minor accident). The average rate
of gravity of accidents at work in Poland varies between 34-35 days of
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absence falling on the recovery of one person injured. In this respect, the
industrial processing sector stays within the national average numbers,
whereas in case of individual subsectors some major deviations are visible.

This situation refers to e.g. metal industry (around 36 days of absence) and
the metal production sector falling within the metal industry, where the
indicator grows to ca. 39. It is also important to notice that the mining
industry is currently in a very bad situation — every employee injured in an
accident at work spends in average around 60 days on sick leave. This
situation in the minng industry can only be compared to the construction
sector, where a similarly high rate of gravity of accidents at work is observed.

The problems connected with ensuring occupational safety in industry
in Poland are also evident when looking at the values of the frequency
indicators for minor, severe and fatal accidents presented in Table 2. In case
of industrial processing, a twice as high frequency of minor injuries has been
recorded (15.00) in reference to the national average (7.34), and similarly in
case of severe injuries (0.14 and 0.06 respectively). In case of fatal accidents,
the indicator characteristic for industrial processing sector.
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Table 1.
Employees injured in work accidents in Poland in 2008, 2009.
Own study based on (6)

xl
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Table 2.
Work accidents frequency indicators per 1000 employees in Poland in 2008.
Own study based on (6)

Total number |4 4 15.18 17.10 18.41 15.59 6.10
of injured
Minor 734 15.00 16.79 18.17 15.45 6.03
accidents
Severe accidents| 0.06 0.14 0.14 0.19 0.10 0.05
Fatal 0.037 0.036 0.170 0.050 0.046 0.012
accidents

(0.036) remains at the national average level (0.037). Unfortunately, similarly
to the case of the indicator of accident gravity, especially the mining and
metal industries exceed the national average mostly in the number of severe
and fatal accidents. In the metal industry a three times higher number of
severe accidents was registered (0.19) than the Polish average (0.06),
whereas in the mining industry a four times higher frequency of fatal
accidents was registered (0.170) in comparison to national average (0.037).

The accidents statistics presented above concerning chosen metal industry
sectors indicate that the level of danger in industrial production is relatively
high. It is obvious that the global perspective of the accidents statistics can be
insufficient to establish priority measures in particular industry plants, yet the
business line statistics allows for setting general directions for improvement
in individual sectors. For example, in food industry and textile industry the
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pressure from people responsible for the establishment of occupational safety
and hygiene policy should be directed towards the reduction of accidents,
whereas in heavy industry (mining, metal industry) in the first phase it should
be directed towards the reduction of the gravity of injuries in accidents at
work and then towards the reduction of the accidents as such (6).

5. Legal factors of occupational safety management systems
and requirements and guidelines resulting from national
and international standards

5.1. National regulations

Work safety in companies in Poland, regardless of the volume of production
or employment, has a vital position in the legal system binding on the
territory of the Member States and the whole European Union.

The importance of this issue is even strongly underlined by the provisions
concerning abiding by occupational safety and hygiene requirements in the
act placed on top of the hierarchy of the sources of law in Poland and the
Treaties establishing the European Economic Community — the so called
Treaties of Rome — as well as the European Union Directives.

a) Occupational safety in the Constitution of the Republic of Poland

The Constitution as a primary act in the legal system of the Republic
of Poland is the fundamental source of law. Article 24 of the Constitution of
the Republic of Poland of 2 April 1997 provides that: Work underlies the
protection of the Republic of Poland. The state supervises the conditions of
work. In the quoted article of the Constitution of the Republic of Poland the
Legislator included the fundamental standard for work conditions protection,
which imposes on law enacting bodies the obligation to maintain and ensure
safe and hygienic work conditions, fair salary and legal protection in case of
an infringement of the provisions of the labour code (7).

Article 66 of the Constitution of the Republic of Poland provides that:
Everyone has the right to safe and hygienic work conditions. The citizen’s
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right to life and health protection, also during work, has been included in the
legal act of the highest rank; the right to safe work conditions is also
guaranteed in the Constitution of the Republic of Poland for everyone, who
performs work, irrespective of the legal basis for its performance. As a result,
the constitutional protection covers not only people employed on the basis of
an employment contract, but every citizen performing work on any other
legal basis. The implementation of the constitutional guarantee is expressed
in articles 304 et seq. of the labour code, which provide for the application of
occupational safety nad hygiene regulations also in respect of people
performing work on the basis of an agreement on commissioned work or an
agreement for specific task. (...) Nonetheless, it has to be admitted that the
legal direction adopted by the Polish legislator in respect of labour
protection doeas not provide any basis for the assumption on a possibility
of an infringement of constitutional guarantees. On the contrary, the hitherto
legislation indicates that we are consistently harmonizing the Polish work
protection law with the requirements of international law and European
Union law (8).

The realization of the above mentioned rightand the specification
of employer’s and employees’ obligations at work are provided for in an act
of lower rank in comparison to the Constitution, that is the act of 26 June
1974 — Labour Code (unified text: Journal of Laws of 1998 no 21, item 94 as
amended).

b) Occupational safety in the Polish labour code

Polish experience and legal doctrine in the scope of enacting and application
of labour law stresses the importance of the protection of work performed by
employees and indulges in a relatively profound analysis of the effectiveness
of implementation of the aforementioned standards.

The basic labour code regulations in the scope of occupational safety are
placed in section 9 of the Labour Code concerning occupational safety
and hygiene, in section 7 in the protection of women work and in section 9 on
the protection of young people at work.
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Atrticle 9 of the Polish Labour Code, for that matter, indicates other sources
of labour regulations, especially the prescriptive agreements concluded
between social partners, i.e. collective labour agreements and other collective
agreements, for example internal company acts enacted in form of work
regulations and statutes.

According to the provisions of Article 207 et seq. of the Labour Code,
the main duty of the employer towards the employees is to ensure
occupational safety and hygiene in the workplace managed by the employer.
From January 18, 2009, that is from the moment when the amendment of the
Labour Code (Journal of Laws no 223, item 1460) entered into force, the
scope of personal responsibility of the employer for the state of occupational
safety and hygiene in the workplace has been significantly broadened. The
responsibility of the employer is not reduced by the obligation of the
employees to abide by the standards (article 211 of the Labour Code), nor by
the fact that conducting the tasks of the safety and hygiene services is
entrusted to specialists from outside the workplace due to the lack of
competent employees (9).

According to the provisions of the labour code, the Employer is obliged
to improve the existing employees’ health and life protection level according
to the changing work conditions, ensure the development of common
preventive policy against accidents at work and profession-related disorders.
This policy has to include not only technical issues, organizational matters
and work conditions, but also social relations and the influence of work
environment. All measures taken by the employer in the scope of work safety
and hygiene cannot in any way burden the employees (10).

According to the content of the provisions of the labour code mentioned
above, the employer is obliged to guarantee to its employees the freedom of
undertaking measures aiming at the avoidance of direct danger to their life
and health, even without consulting their supervisors.

The above mentioned provision guarantees that the employees, who
undertook such measures without neglecting their duties, will not suffer from
negative consequences of such measures aiming at the reduction of negative
results having impact on them at the workplace.
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The above regulations constitute the fulfilment of the so called educative
function of the labour law (10).

The legislator in the whole section 10 (of the Labour Code — author’s note)
basically tries to implement the assumption that the addressees of the
provisions of this section are the employer and the employees.
The aforementioned assumption has several exceptions, not only due to the
necessity to establish numerous authorizations to enact executory provisions
of law and the existence (establishment) of entities and bodies, such as
people who manage the employees, work safety and hygiene services of
commissions, with the help of which the employer realizes its obligations.
The provisions also impose certain obligations on the bodies supervising
certain employers, but also producers, importers, distributors or other
suppliers, state sanitary inspection (...)(10).

¢) Occupational safety in Polish executory provisions

A particularly important complement of the Labour Code provisions
in the scope of work safety and hygiene is, among others, the ordinance
of the Minister of Work and Social Policy of September 26, 1997
on the general provisions concerning occupational safety and hygiene issued
on the basis of article 237 of the labour code (10).

The Ordinance quoted above provides for general binding standards
of occupational safety and hygiene in workplaces, especially concerning: 1)
buildings, rooms and workplace area, 2) work processes, 3) hygiene
and sanitary rooms and devices.

5.2. International regulations
a) Occupational safety in the European Union law

The changes in the scope of occupational safety and hygiene introduced
inthe Polish Labour Code and the executory ordinances result
from the fulfilment of obligations imposed on the governments
and legislatory bodies of the Mamber States, and consisting
in harmionization of the legal provisions of the Member States
with the European Union Standards. The obligation to adjust the Polish
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provisions of law to the requirements of the European Union law results from
Article 118a of the Treaty Establishing the European Economic Community —
the so called Treaties of Rome — stating that the Council is going to introduce
in form of Directives minimum requirements stimulating to undertake
measures, especially in the workplace, ensuring higher level of safety and
health of employees. The Directive is a legal act having no equivalent in the
Polish legal system. It is a legal act imposing the obligation to implement the
content included therein into national law in form or legal acts binding
within the given country (11).

In the scope of work safety and hygiene the Directives of the European
Union Council (European Community), which refer to the protection of work
and care for occupational safety and hygiene, are very important.

These are especially:

1. Directive of the Council of EEC 89/391/EEC of 12 June 1989
on the introduction of measures to encourage improvemetns in the safety
and health of workers (Official Journal of the EC 1989 L 183/1-8)
described as framework directive — article 16 of the above mentioned
regulation is the basis for the adoption of detailed directives by the
Council, and these are i.a. (11),

2. Directive of 30 November 1989 (89/654) concerning minimum safety
and health requirements for the workplace
(Official Journal of the EC 1989 L 393/1),

3. Directive of 30 November 1989 (89/655) concerning the minimum
safety and health requirements for the use of work equipment by workers
at work (Official Journal of the EC 1989 L 393/13-17),

4. Directive of 30 November 1989 (89/656) on the minimum health
and safety requirements for the use by workers of personal protective
equipment at the workplace
(Official Journal of the EC 1989 L 393/18-28),

5. Directive of 29 May 1990 (90/269/EWG) on the minimum health
and safety requirements for the manual handling of loads where there is a
risk particularly of back injury to workers
(Official Journal of the EC 1990 L 156/9),
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Directive of 28 June 1990 r. (90/270) on the minimum safety and health
requirements for work with display screen equipment (Official Fournal
of the EU 2007 L 156/14),

Directive of the Council of 28 June 1990 (90/394) on the protection
of workers from the risks related to exposure to carcinogens at work
(Official Journal of the EC 1990 L 196/1-7),

Directive of 26 November 1990 (90/679) on the protection of workers
from risks related to exposure to biological agents at work

(Official Journal of the EC 1990 L 374/1-12),

Directive of 24 June 1992 (92/57) on the implementation of minimum
safety and health requirements at temporary or mobile construction sites
(Official Journal of the EC 1992 L 245/6-22),

Directive of the Council (92/58) of 24 June 1992 on the minimum
requirements for the provision of safety and/or health signs at work
(Official Journal of the EC 1992 L 245/23-42),

Directive of 92/85/EEC of 19 October 1992 on the introduction
of measures to encourage improvements in the safety and health at work
of pregnant workers and workers who have recently given birth or are
breastfeeding (Official Journal of the EC 1992 L 348/1),

Directive of the Council 92/91/EEC of 3 November 1992 concerning the
minimum requirements for improving the safety and health protection of
workers in the mineral-extracting industries through drilling (Official
Journal of the EC 1992 L 348/9-24),

Directive of the Council 92/104/EEC of 3 December 1992
on the minimum requirements for improving the safety and health
protection of workers in surface and underground mineral-extracting
industries (Official Journal of the EC 1992 L 404/10-25),

Directive of the Council 93/103/EC of 23 November 1993 concerning
the minimum safety and health requirements for work on board fishing
vessels

(Official Journal of the EC 1993 L 307/1-17),

Directive of the Council 98/24/EC z 7 kwietnia 1998 r. on the protection
of the health and safety of workers from the risks related to chemical
agents at work

(Official Journal of the EC 1998 L 131/11-23),

Directive of 1999/92/EC (of the European Parliament and the Council)
of 16 December 1999 on minimum requirements for improving the
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safety and health protection of workers potentially at risk from explosive
atmospheres
(Official Journal of the EC 2000 L 23/57-64) etc.

The category of directives concerning occupational safety and hygiene
(especially due to the mode of their handover) include also the Directive of
the Council 93/104/EC of 23 November 1993 concerning certain aspects of
the organization of working time (Official Journal of the EC 1993 L 307/18-
24) and Directive of the Council 94/33/EC of 22 June 1994 on the protection
of young people at work (Official Journal of the EC 1994 L 216/12-20).

In the scope of safety management in industrial companies the so called
Machine Directive (89/37/EC) plays a significant role — addressed
to producers and distributors of machines and safety elements (12).

The discussed regulation sets tasks leading to the fulfilment of requirements
in the scope of health and safety protection for new machines in order to
eradicate trade barriers within the area of Europe and in order to guarantee
the users and operators high level of safety and health protection. The above
mentioned rule concerns machine production and the introduction of used
devices and machines from third countries, from which the goods are
introduced into the market within the customs area of the European Union.

The first version of the “Machine Directive” of the European Union Council
of 1989 (89/392/EEC) was later subject to several amendments, whereas in
2006 the new, so called ,,New Machine Directive” (2006/42/EC), was issued
and implemented into the Polish legal system by an Ordinance of the
Minister of Economy of 21 October 2008 on substantial requirements for
machines (13).

In the conclusions concerning the European directives mentioned above it is
important to state that most of their content was implemented into the Polish
legal system in the moment of the Polish accession to the European Union,
1.a. through the provisions of the Labour Code and the relevant ordinances,
especially the ordinance of the Minister of Labour and Social Policy
concerning general provisions on occupational safety and hygiene of 26
September 1997 (14, 15).
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b) Occupational safety in international agreements and conventions

The right to safe and hygienic work conditions i1s confirmed
in the Constitution of the Republic of Poland. According to Article 66 par. 1,
everyone has the right to safe and hygienic work conditions, yet the mode of
implementation of this right and the obligations of the employer are provided
for in the relevant act.

A similar approach is also visible in the European Social Charter ratified by
Poland on 10 June 1997, constituting a document of the Council of Europe
concerning social and economic rights of citizens, open for signing on 18
October 1961 in Turin. The provisions of this document ensure civil and
political rights and freedoms without discrimination based on race, skin
colour, sex, religion, political views, and national or social origin. The
Charter guarantees also a number of rights and freedoms in the social sphere.

Moreover, Poland ratified a number of conventions of the International
Labour Organization concerning the questions of occupational safety
and hygiene.

These are:

1. Convention of 26 September 1906 respecting the Prohibition of the Use
of White (Yellow) Phosphorus in Manufacture of Matches, Berne
(Journal of Laws of 1922 no 19, item 159),

2. Convention of 19 November 1921 (no 13) concerning the use of White
Lead in Painting, adopted as a project in Geneva
(Journal of Laws of 1925 no 54, item 382),

3. Convention no 62 concerning Safety Provisions in the Building Industry,
adopted in Geneva on 23 June 1937
(Journal of Laws of 1951 no 11, item 83),

4. Convention no 81 concerning Labour Inspection in Industry
and Commerce adopted in Geneva on 11 July 1947
(Journal of Laws of 1997 no 72, item 450),

5. Convention no 115 concerning the Protection of Workers against
Ionising Radiations adopted in Geneva on 22 June 1960
(Journal of Laws of 1965 no 8, item 45),
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6. Convention no 127 concerning the Maximum Permissible Weight to Be
Carried by One Worker, adopted in Geneva on 28 June 1967 r. (Journal
of Laws of 1973 no 25, item 142) (16).

According to the quoted international convention, the national system should
encompass national tripartite advisory bodies or institutions responsible for
occupational safety and hygiene issues, information and advisory services
responsible for occupational safety and hygiene issues; ensuring trainings in
occupational safety and hygiene, services in the scope of occupational safety
and hygiene, according to national law and practice (17).

In reference to the questions discussed above, it can be concluded that
the provisions of ratified international agreements are a source of law
in Poland on the basis of the provisions of the Constitution of the Republic of
Poland, which in its article 91 par. 2 provides that: (...) International
agreement ratified under the prior consent expressed in an act of law has
precedence over the act, if the act’s provisions are contradictory
to the agreement (...).

5.3.  The analysis of the research and certification system of the work
safety and hygiene management processes

The need for certification results from the necessity of a systemic approach to
work safety and hygiene management, resulting from growing demands of
potential and present employees interested in working in improved and safer
conditions. The interest is also reflected in the measures aiming at the
internationalization of standards in the scope of occupational safety
management system, covering occupational safety, ergonomics, health
protection and natural environment protection.

In the European Union the substantial legal act of significance for work
safety and hygiene management is, as it was mentioned above, Directive
89/391/EEC on the introduction of measures to encourage improvements in
safety and health of employees at work.

There are also numerous national and international legal acts covering
the scope of operation of the management system for occupational safety and
hygiene system. A detailed and comprehensive analysis of these acts goes far
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beyond the framework of this study, and the description below is merely an
attempt to systematize information in the discussed scope. Generally,
occupational safety and hygiene policy should encompass the obligation of
the company to prevent accidents at work and profession-related disorders,
aiming at constant improvement of occupational safety and hygiene,
fulfilment of the legal requirements, constant improvement of measures in
the scope of occupational safety and hygiene, ensuring relevant measures for
the implementation of the policy and increase of employees’ qualifications.

a) International standards

In 1996 the British Standard Institution (BSI) prepared the BS 8800 standard,
constituting a compilation of guidelines facilitating efficient forecast and
prevention of circumstances endangering employees with loss of health or
life and counteraction against profession-related disorders. At present, the
OHSAS 18001:2007 standard is binding on international scale, with its
equivalent in the Polish PN-N-18001:2004 standard binding in Poland.

b) National standards

The interest of Polish entrepreneurs in a systemic approach towards
occupational safety and hygiene started to develop in the early 90s. At that
time, the companies with developed quality management systems according
to the ISO 9000 standards and environmental management systems
according to ISO 14000 standards were searching for the possibilities to
include issues connected with occupational safety and hygiene in the systemic
measures. In that period, company standards of systemic occupational safety
and hygiene management were established in cooperation with Central
Instutute for Labour Protection and National Labour Inspection, for example
in the Czestochowa Smalting Plant.

In 1998, with significant support of the contemporary Ministry of Labour and
Social Policy, the Polish Committee for Standardisation appointed
the Problem-Related Commission for Standardisation no 276 for Work Safety
and Hygiene Management Systems.
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The aim of the Commission was to:

e  prepare relevant requirements and recommendations
for the establishment and implementation of occupational safety and
hygiene management system in Polish companies,

e determine approproiate terminology in the scope of occupational
safety and hygiene.

The works of the Commission resulted in the establishment by the Polish
Committee for Standardisation in 1999 of the first and fundamental Polish
Standard concerning occupational safety and hygiene management systems
entitled Occupational Safety and Hygiene Management Systems.
Requirements (PN-N-18801:1999).

The aforementioned standard was one of the first standards in this scope
established in Europe and it aroused vast interest of companies
in the implementation of a systemic approach towards occupational safety
and hygiene management.

Further works of the Problem-Related Commission for Standardisation
no 276 have lead to the publication of further standards:

PN-N-18002:2000 Occupational Safety and Hygiene Management Systems.
General guidelines for profession-related risk assessment and PN-N-
18004:2001 Occupational Safety and Hygiene Management Systems.

The first of these two documents was the fulfuillmnent of employees’ needs
concerning the realization of one of the most important elements
of occupational safety and hygiene management system — profession-related
risk assessment and the implementation of measures aimed at its prevention
and reduction.

The second standard gives practical guidelines supporting the implementation
of systemic management of occupational safety and hygiene in a company.

Occupational safety and hygiene issues in Poland are most comprehensively
regulated by the PN-N-18001:2004 standard. PN-N 18001 covers 20 areas of
standard safety and hygiene management. These are, among others:
accidents’ monitoring, employees’ trainings, individual protection measures,
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work hygiene and health protection, safe technology, occupational safety and
hygiene promotion within the company, safety outside workplace,
preparation of plans in case of a failure, internal control, etc. Proper
identification of risk allows for the development of a control system and the
use of proper preventive measures.

The PN-N-18001:2004 standard can be applied by organizations of different
profiles of activity, irrespective of the activity type and the entity size. This
standard is based on rules governing management systems, provided for in
the ISO 9001:2000 standard, therefore they constitute jointly an integrated
quality management and occupational safety and hygiene system.

The PN-N-18001:2004 standard "Occupational Safety and Hygiene
Management Systems. Requirements" and the OHSAS 18001:2007
specification include guidelines concerning occupational safety and hygiene
management system in the general company/organisation management. Both
PN-N 18001:2004 and OHSAS 18001:2007 set the requirements concerning
occupational safety and hygiene management system in order to enable the
organisation the establishment of policy and aims in this scope. The PN-N
18001:2004 standard and OHSAS 18001:2007 differ only slightly. In the
paragraph concerning profession-related risk assessment, the Polish PN-N
18001 standard does not explicitly impose on subcontractors, suppliers, and
visitors of the organisation the obligation of risk assessment. Such obligation
is imposed by OHSAS 18001. The PN-N 18001 includes requirements
concerning trainings, and specifically the obligation to implement methods to
motivate employees.

The differences between OHSAS 18001 and PN-N-18001 are slight and refer
mostly to the approach to the issue of third persons remaining in the area of
the company and the profession-related risk assessment at the workplace.

The requirements provided for by these documents (OHSAS 18001 and PN-
N-18001 — author’s note) enable the organisation to formulate the policy and
aims in the scope of occupational safety and hygiene in accordance with its
needs, as well as an effective realization of such policy through achieving the
adopted tasks. The PN-N-18001 standar and OHSAS 18001 standard
constitute the basis for certification of the company management system in
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the scope of occupational safety and hygiene, similarly to ISO 9001in the
scope of quality management and I1SO 14001 in the scope of environmental
management.

They were prepared is such a way, that there is a possibility to integrate
quality ~management systems, environmental management systems
and occupational safety and hygiene management systems in practice.
The certification concerning coherence with PN-N-18001 or OHSAS 18001
confirms that the company acts effectively and responsibly in the scope of life
and health protection of its employees (18).

The Polish PN-N-18001:2004 standard is coherent with OHSAS 18001,
which means that the occupational safety and hygiene management system
which fulfils the requirements of PN-N-18001:2004 also fulfils
the requirements of the OHSAS 18001:2007 specification.

The entity applying for certification concerning its coherence with PN-N-
18001, can also acquire the certificate of coherence with OHSAS 18001
without the necessity to conduct an additional audit.

Benefits of the implementation of the management system according to
PN-N-18001/ OHSAS 18001

e facilitation of organization (company) management, especially in the
scope of fulfilment of legal requirements and other requirements of
occupational safety and hygiene,

e identification of threats to the safety of the employees and rapid
preventive measures, especially in the situation of changing
conditions and range of production or services,

e engagement of all employees in ensuring occupational safety,

e reduction of the number of accidents and injuries at work,

e reduction of accident-related costs,

e reduction of disease-related absences,

e increase of trust in the organization and identification
with the company,

e improvement of work conditions and thus increase of work efficiency,
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e reduction of work costs and thus an increased positive impact on the
economic results of the organization,

e increase in trust of customers, insurance companies and state control
authorities,

e casier acquisition of subsidies for modernization investments,

e cstablishment of a positive image of the company in the market (18).

SCC - international occupational safety and hygiene management
system

SCC (Safety Certificate Contractors) is an abbreviation referring to a safety,

health and environmental management system for subcontractors, which can

undergo a certification process.

The aim of the SCC standard is the assessment of occupational safety
and hygiene in companies providing technical services, i.a. in the chemical
line of business and in construction. The SCC certificate confirms that
a company/organization has a responsible and professional approach to issues
concerning occupational safety and hygiene (18).

SCC can be implemented in any organization/company, irrespective
of the business line and company size.

SCC certificates are issued by the Work Safety and Hygiene Management
Systems Certification Unit - TUV Rheinland GmbH in Cologne. The Unit has
a TGA accreditation (TGA —Trigergemeinschaft fiir Akkreditierung -
German Association for Accreditation) marked with the number TGA-ZM-58-
95-62.

Within the SCC certification procedure two types of certificates are offerred:

SCC* - limited certification

Within the limited certification the activities concerning safety and health
protection as well as with environmental protection conducted directly at the
workplace are assessed (SGU); the model is addressed to small companies
(up to 35 employees, including the employees hired for definite period of time
and apprentices, in the whole company).

SCC** - unlimited certification
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Apart from the criteria provided in the paragraph on SCC¥, the assessment
encompasses also the safety and health protection as well as environmental
protection management system in a company. This certificate is addressed to
companies which employ over 35 people, including the employees hired for
definite period of time and apprentices, in the whole company. Companies
employing more than 35 people, but also using subcontractors (agreements
for specific task) to provide technical services, should obtain the SCC
certificate**.

Profits from SCC certification

A certified SCC system is a guarantee for the Contracting Party/Ordering
Party that the subcontractors employed in large industrial companies will
proceed according to the occupational safety and hygiene requirements
binding in these companies.

Thanks to the comparable requirements systems concerning occupational
safety and hygiene management, misunderstandings concerning work safety
can be avoided.

There is a possibility to reduce the costs of both Parties, because the periods
of failure-free operation are extended and cost-intensive audits conducted by
the Ordering Parties are no longer required.

The periods of machine and devices stoppages due to subcontractor’s fault is
reduced.

Experience shows, that the increase of awareness concerning the importance
of operational safety and hygiene among the employees leads to a reduction
of the accident rate, and thus to a decrease in work costs and a significant
increase of legal safety level.

The occupational safety and hygiene management systems are an effective
measure supporting and developing the company’s operation, provided that
the implementation and the realization of the prescriptive demands by the
employees on all levels of the certified entity is intentional.

However among the undeniable profits we should name not only those
related to the identification of the entity, but also those connected
with the guarantee, consisting in sustainable commitment to maintain
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a certain level of occupational safety and hygiene and ensure all interested
parties about the professional, reliable and responsible approach of the entity
to the question of health and life of its employees.

From the point of view of vital interests of the entity, the economic profits
resulting from the certification are of utmost importance; this is due
to the decrease in absences of employees resulting from the limited number
of accidents at work and profession-related disorders, decrease in costs
incurred due to accidents at work and profession-related disorders,
minimization of the COPQ (Cost of Poor Quality) indicators, and thus
an increase of work quality and efficiency, optimization of the safety level,
which translates into the profit achieved by the company; the certified system
is also an asset taken under consideration in the company valuation (19).
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Entry

By the end of XXth century globalization and raise of competition had
enlarged economical diversity of societies. More frequently societies suffered
from negative consequences of unemployment, destroying environment,
cultural differences as well as unethical companies activities. Organizations
all over the world demanded working out and following the rules of ethical
business and activities in favour of environment and societies. Thanks to their
appeals some activities in factories were implemented. They are called social
responsibility (1).

In the professional publications there are various definitions of a corporation
that is social responsible. In general it is customary that corporate social
responsibility goes over its typical economical, technical and legal
conditions. Corporate social responsibility is a result of relations
between corporations and their environment. In the conception of corporate
social responsibility business mustn’t be done if either the society
or the environment suffers (2). To be a social responsible company means
investing in human resources, environment protection and maintaining good
relations with all groups of interests (3).

The conception of social responsibility was applied within European Union.
The basic document describing this conception is “Green Paper
for Promoting a European Framework for Corporate Social Responsibility”.
The document was approved in Brussels in July, 2001 by the European
Committee. The Green Paper defines the frames of of corporate social
responsibility on European scale. Companies which are social responsible
create a new strategy and implement it into their activities on the market.
They are aware of society and environment protection. The social
responsibility, according to Green Paper, should become a part of strategic
management of a company (4).

Poland, as a member of EU, promotes the rules of corporate social
responsibility. Companies voluntarily implement these rules while dealing
with their receivers: internal (employees) and external (local societies,
contracting parties, co-operators, clients). The activities called corporate
social responsibility are also realized in polish steelworks companies. Among
these companies there is ArcelorMittal Poland SA. In the practical part
of this publication the company’s effects in the sphere of social responsibility
are presented.
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1. The scope of corporate social responsibility

In the economic practise there are two kinds of corporate social
responsibility: internal and external. It is the result of company’s activities
which are divided into internal and external. The parties are various. As it
comes to internal parties these are the employees and their families.
The companies that are focused on corporate social responsibility apply new
qualities and rules (ethical rules, equality of rights, respect towards other
people). The employers concentrate on creating safe working conditions.
In this process the employees of a production department take part in it
as well. These workers are aware and respect the safety rules. The companies
focused on human resources believe that people are the major capital
of business. One of the basic rules of the conception of human resource
management is improving the employees’ potential and treating them
as an integral part of the company’s development process. Te employees are
encouraged to study and develop (5). The employees are expected
to implement changes (innovative solutions) in particular departments
of the company. The idea of the changes is to exchange present solutions by
new, better ones. Each improvement of the company’s function simplifies
the working process while the work itself becomes safer (6) .

As it comes to external parties they vary. First is environment management
which is realized as a part of dynamic model of environment protection
that focus on preventing production of pollution and following the strategy
of Clean Production (7). Second sphere is the local society. The activities
here are concentrated on  social investments, co-operation
with nongovernmental institutions and local parties, employees voluntary,
company’s involvement in philanthropy activities, creating new vacancies,
including such for handicapped people. Third sphere of company’s activities
involves co-operators in selling and buying transactions. The co-operation is
based on partnership and rules of honesty, transparency, full communication.
Sample activities: keeping delivery and payment deadlines, monitoring
the products quality, efficient reactions on clients complaints and these
of other co-operations of selling and buying process, considering social
and ecological aspects in decision making process (6). The common part
of internal and external corporate social responsibility is following the legal
rules but at most human rights — social humanism (8).

In the process of corporate social responsibility development various
initiatives were raised in order to work out the key rules, directions
and standards. (9). Within a few last years the following thesis appeared (8):
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e process standards — describe the procedures of creating relations
with other parties, communication, building the management systems
(AA1000, GRI),

e performance standards — describe what is or is not acceptable (Global

Compact),

e foundation standards — describe the best practice in particular spheres
(OECD directives),

e certification standards — describe the management process

in particular area ( ISO 26000, SA8000, ISO14001, EMAS),

e screening standards — describe what conditions a company must fulfill
to become qualify to a particular group of companies (FTSE4GOOD,
DIJSGI).

The above standards are not obligatory. The companies decide themselves
which standard to follow and which activities to apply. It is customary that
the effects are reported and particular reports (which are in most cases
the summary of annual activities of the company) are available to public.

2. Social reporting

Thanks to the popularity of corporate social responsibility many international
companies publish social responsibility reports. To the most important
international action as far as social reporting is concerned is SA 8000 norm
and Global Reporting Initiative. Corporate social responsibility themes have
become an integral part of strategic management and everyday activities
of global corporations.

In the reports the companies include: corporate responsibility framework,
activities and experience of an employment process, the changes
in the company’s structure and organisational procedures, communication
system , employees’ involvement, equal rights of employees
(no discrimination), social dialog, education and training, work safety,
investments beneficiary for community and environment. The expanded
forms of reports include also shareholders opinions about the company
(questionnaire results, interviews, opinion polls) and rates presenting
the effects of company operations in particular areas of social responsibility.
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The report presents in a comprehensive way the company strategy
and the results in the area of social responsibility in view of key shareholders
groups. Companies in the reports take into account economical aspects,
social and ecological activities. The reports available on companies’ websites
consist of few dozen pages (30-60 pages and more). The report is aimed
at: local community and its representatives, customers, contractors,
tradesmen, other companies, financial institutions, reporters, students etc.
(10). Due to such a big group of recipients the report should be: transparent,
comparable, up-to-date, complex, objective, precise and understandable (11).

In Poland since 2007, the competition for the best report of business social
responsibility has been organised. In 2009 the winner of the competition was
BRE Bank S.A. “Examination in the crisis. Stable development in difficult
times”. Distinctions were given to GK PGNiG, Lotos S.A. and PKN Orlen
S.A. According to the Internet voting the best report was presented by PKN
Orlen S.A. Adjusting the competition took place during Responsible
Business Forum 2009 conference in 24 November 2009. In the prize-winning
report of BRE Bank S.A. institution “Examination in the crisis. Stable
development in difficult times. Report on business responsibility by BRE
Bank S.A.” the most appreciated was the balance in reporting during difficult
for financial sector times, including openness of communication and applied
verification. There were three other reports worth special appreciation which
in fact received special distinctions. The Report of Lotos S.A. Group “Social
responsibility report 20087, where maintaining high reporting level
and innovative form of presentation were appreciated. Creating an overall
report including complicated structure and complexity of Capital Group
and presentation of CSR strategic plans gained the report of PGNiG Group
“Responsible energy”.

In 2009 Report “Responsible business in Poland 2009 was also presented
“Good practice”. It is a summary of activities that are taken up by firms,
institutions and non-governmental organizations in the sphere of business
social responsibility and stable development. The report acts
as a compendium of knowledge about what happened in 2009 in Poland
as far as responsible business in concerned. The publications described good
business practice, inspiring examples of responsibility rules appliance in all
spheres of business function — in a working place, towards market, society
and environment:
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Business vs. working place

Examinations concerning the perception of the social responsibility are
showing that whether the company is perceived as responsible depends
mostly on its employees opinion about it. Trust without which business
couldn’t function has its source inside the company. Feeling of security, good
working conditions, clear communication, possibility of participation — these
are the elements which are more and more popular in companies’ strategies,
in great deal because of CSR development. Good practice, presented
in the Report in the sphere of working place, shows inspiring examples
of responsible approach toward employees.

Great part of good practice focused on the issues connected with health
and security. METRO Group and Nutricia Polska Sp. Z 0.0. ran educational
activities concentrated on health prevention among their employees.
Kampania Piwowarska SA taught its employees its policy of responsible
alcohol consumption. Whereas Servier Polska and Wincanton started
educational campaign on leukemia and involved their employees into actions
of blood and bone marrow donation for these who were in need, moreover
Polkomtel SA enabled its employees to gain professional rescue skills.
The other but rather new among Polish companies was allowing employees
to participate in the process of a company’s management. Implementing
grassroots initiatives and solutions was the aim of the Media Monitoring
Institute initiatives and of PGE Polish Energy Group. However Lotos Group,
as a part of internal communication, let its employees to participate in special
informative meetings which gave the chance of learning the firm’s policy
during the time of crisis.

Last year very popular was the practice connected with business ethics.
HSBC Bank of Poland launched a code of ethics, Kogeneracja SA settled
a special Council of Ethics whereas Profes company prepared the rules
of ethical co-operation in working teams.

The great majority of rules concerned the programme of employees’
voluntary. The employees supported by their companies took part in social
campaigns, collected and distributed funds for aid projects realisation, helped
local schools and made children’s dreams come true. The voluntary
programmes were run by such companies as: Aviva, Bank Gospodarstwa
Krajowego, BRE Bank SA, British American Tobacco Polska, DB Schenker,
GlaxoSmithKline, Grupa TP, ING Bank Slaski S.A., Kompania Piwowarska
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SA, Kredyt Bank SA, Microsoft, PKN ORLEN S.A., Provident, Toyota
Motor Manufacturing Poland,
TUiR WARTA S.A., UPS Polska (11).

Business vs. market

Because of the world economy’s crisis in 2009 the debate concerning
responsibility and ethics in companies’ activities took place on a large scale.
After the wave of criticism mainly directed into financial sector a very strong
belief remained that firm’s activities on the market should be crystal
and responsible and the examples of good practise. The examples of good
practise described in this chapter show that the companies that address
this sphere in CSR strategy may be a step forward - being responsible
for market parties is not only the source of legitimization but also a place
for innovative products and services development.

A very interesting topic that occurred last year in the sphere of “market” was
responsible management of supplies chain. ABB Sp. Z o.0. created
an infoline for its business partners, DB Schenker took care of its suppliers
at the time of flu pandemic, whereas Danone Sp. Z o.0. improved the internet
system for milk suppliers. PKN ORLEN SA started to serve coffee at its
branches that was produced in fair trade system.

The companies willingly implemented various types of stable development
innovations. Axel Springer Polska worked out the system that optimises
the production, sale and distribution of press. Kampania Piwowarska SA
activated comprehensive management system and reporting results of stable
development, however Nestlé Polska due to new technological solutions
lowered the weight of the products packaging. As many as 5 firms started
actions connected with educating the market. PricewaterhouseCoopers in co-
operation with the Academy of Leon Kozminski settled postgraduate studies
“CSR. The strategy of responsible business”. The Employers’ Council
of Polish Distilling Industry trained suppliers as well as people who serve
alcoholic drinks in the subject of responsible alcohol sale. The original form
of educating the market about CRS was offered by Provident, they
announced a competition for journalists who write about voluntary.
The Conference of Financial Companies published a guide of ethical
vindication, whereas Ergo Hestia Group prepared a series of publications
about risk management in running business i.e. environmental risk.
The innovative actions were taken by the companies that decided to launch
new products and services meeting disabled people needs. TP Group creates
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special software that enables disabled people to run the internet browser by
the eyes movement, Irving attached signs written in Breill’s alphabet on its
teas packaging whereas Nordea Bank Polska implemented new service
for blind and amblyopic people who want to use bank services.

New category this year has been responsible investing. TFI SKOK SA
launched first ethical fund fully using SRI criteria. Such companies
as Deloitte Polska, “Forbes” magazine, Kulczyk investments and stock
market in Warsaw initiated publication of the first ethical stock index
in Poland — Respect Index.

Euro Bank SA started to promote business — as a part of “Win euro bank”
young investors had an opportunity to run a bank’s branch on franchising
terms. Whereas due to PricewaterhouseCoopers and PGNiG SA activities
abroad branch initiative in the energy sector was created. During
the “Responsible energy” conference representatives of the biggest firms
in sector signed the declaration of implementing stable development
rules (11).

Business vs. society

The elements that determine function of the economy — business, society,
environment — are connected with each other in a systemic way. Changes
inone sphere determine changes in others. This, one could say, minor
correlation for years has been omitted in companies’ strategies. Due to
the CSR concept the way how the role of business in society is perceived has
changed and what’s connected the way how companies face social problems.
Examples of good practise presented in this chapter show this important
change. The most initiatives in this sphere were connected with companies’
social commitment — Alcatel-Lucent employees committed into supporting
local society, Kraft Foods Polska SA and Danone Sp. Z o.0. ran campaigns
against famine and malnutrition, however it should be highlighted how
Danone used social media to succeed in this action. Particularly popular were
the programmes which helped children and teenagers ran by ATLAS Group,
Muszkieterowie Group, Procter & Gamble and SziK company. Companies
supported also elderly people — programmes for them were ran by UPC
Polska and Ericsson in Poland. Whereas Infact company offered
to nongovernment organisations software for electronic invoices preparing.
In favour of nongovernment organisation PricewaterhouseCoopers initiated
the alliance “Charity SMS without VAT” (11).
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Many practices concerned health and security. Educational programmes were
ran by CenterNet SA, PAMSO SA, RoboNET Sp. Z o.0., Telefonia DIALOG
SA, UPC Polska and PGNING SA. Such companies as Avon Cosmetics
Polska and GlaxoSmithKline ran educational programmes connected
with social campaigns — first company focused on women harassment while
second focused on cancer prevention. Allianz Polska Group promoted
transplantology and Amway Polska educated about danger of children
choking.

Original initiative was settled by the Capital group of Polish Pharmaceutical
Group SA which enabled people who were in difficult financial conditions
receiving essential medicine. Whereas Zywiec Group ran few campaigns
promoting responsible alcohol consumption. TP Group supported children
with hearing defect. Important issue was education concentrated on children
security in the Internet — such activities were run by Microsoft and UPC
Polska. Gornoslaska Spotka Gazownictwa in co-operation with Vattenfall
educated about safe usage of gas and energy. Similarly, Polish Society
of Industry and Electric Energy Distribution ran educational activities aimed
into teenagers about safe usage of electric tools. Renault Polska focused
on road safety. While Mazovian Gas Partnership supported education of gas
technicians. Moreover companies initiated or continued activities promoting
equal rights and diversity by supporting education of children and teenagers
(BG$ Bank, Bank Gospodarstwa Krajowego, L’Oréal Polska) or disabled
sportsmen (Aviva). METRO Group launched scholarship programme
connected with education on trade majors whereas Citi Handlowy ran last
year financial educational programmes for teenagers and teachers. Gaspol SA
focused on local development — with the help of programmes that commit
local societies it promotes ecological solutions. ArcelorMittal Poland also
took care of local shareholders by creating a special internet service NHpedia
which describes the history of Nowa Huta (11).

Business vs. environment

Environment is a company’s shareholder that can’t state its opinion by itself.
It needs representatives that represent its business — nongovernment
organisations, administration, consumers, political leaders. While
development of ecological consciousness environment protection becomes
an integral, motivated element of a business strategy, moreover many
initiatives goes further than legislation rules into sphere of innovations.
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The popular practice of 2009 was launching the ecological solutions
in a working and production place. “Ekobiuro” projects were ran by
ProLogis, Henkel Polska and Allianz Polska Group. Ecological modifications
of internal systems included also IT innovations — TP Group launched such
solutions as “green IT”. ABB Sp. Z o.0. ran its factories in £L.6dz region
through eco-effectiveness requirements.

Many companies ran educational activities focused on enlarging their
shareholders’ consciousness about ecology. Such initiatives were undertaken
by UPC Polska, Tesco Polska, Bayer Sp. Z o.0. and KGHM Ecoren. Ikea
Retail created a website educating its clients about domestic ecological
solutions. On greater scale, environment protection activities concerned such
projects as biodiversity (LOTOS Group), pollution removing in local
environment (British American Tobacco Polska), measuring and neutralizing
or limiting of greenhouse gas emission (Bank Ochrony Srodowiska SA,
VELUX Group in Poland), consumers’ education and involvement (Zywiec
Zdroj SA) and management of waste (Total Recycling Services, Coca-Cola
HBC Polska and Coca Cola Poland Services). Last year PKN Orlen SA
continued the activities as a result of joining international chemical branch
initiative — Responsible Care. While UPS Polska in co-operation with Polish
Agency of Air Navigation started a project aimed at launching ecological
methods into aeroplanes navigation (11).

Management and reporting

In discussions about business responsibility now and then we hear same
question: “Responsibility - for what?”. While majority of us on the basis
of intuition or knowledge and experience is able to answer this question,
in the sphere of management we require concretes and facts. The reporting
and CSR management systems enable precise verification, due to concrete
measures, of degree of social firm’s responsibility realisation. Nowadays
in Poland reports and CSR management systems are measures of rare usage
by firms and their shareholders (11).

3. Case study — ArcelorMittal

In 2008 ArcelorMittal group published the first report on corporate
responsibility for the year 2007. Its title ,,Taking responsibility
for transforming tomorrow” related to the marketing motto of the corporation
Ltransforming tomorrow”. The report is based on three core values: corporate
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sustainability, quality and leadership. The corporate activities were addressed
at: customers, shareholders, employees and communities.

The report presented corporate activities in four areas of social corporate
responsibility: governance, workplace, natural environment, development
of local communities. The report consisted of 70 pages and was distributed
in 11 thousand copies. The report was also available on the company website.
As opposed to previous publications (Social Review) by applying a lot
of strategic measures the report is more accurate and clearer. The report was
the first summary of social dialog between internal and external stakeholders
(12).

The aim of leadership in ArcelorMittal capital group is to transform steel
industry and local communities according to values of well-balanced
development and corporate responsibility. The company set up twelve teams
collecting information on the entire corporation which contribute to building
the corporate level strategy as a whole and prepare them to be implemented
into the social responsibility system according to ISO 26000 standards.
The areas of responsibility of each team are presented in table 1.

Table 1.
Main areas of activity of ArcelorMittal capital group teams

Governance board independence,
equal rights among shareholders,

dialog among shareholders.

health and safety,

social dialog,

training and career development,
world working standards,

labour commitments.

Workplace

OJjO0O O OO O0OJO OO0

“Greenhouse”, limitation of greenhouse gas emissions
to the environment (in particular carbon dioxide)

waste minimalization, water recycling and pollution
prevention

research and development (R+D).

Environment

O

care of developing local community,
social and ecological investments,
human rights and social engagement.

Spotecznosci

O O O |O

Source: based on social corporate report 2008 (www.arcelormittal.com).
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Corporate responsibility guarantees the highest standards, for example
in equal treatment of all shareholders, board independence, precisely defined
roles and responsibilities of directors and management workers. The ethical
management in ArcelorMittal takes place at all levels of management.
The scope of activities in corporate responsibility management area
in ArcelorMittal is presented in table 2.

Table 2.
Corporate responsibility management in ArcelorMittal

CR Orientation Committee o activities in  relation to  social
responsibility, setting operational and
strategic  direction, introduction of
principles and rules, monitoring and
performance review.

CR Group Committee o implementation of CR Orientation
Committee dirctives,

o comprising representatives for health,
safet, security, environment and energy,

o maintaining social dialog of risk

management and ArcelorMittal
foundation.
CR Corporate Team o communication with employees and
(CR Corporate Team) shareholders (indicating specific areas of

action, such as: reduction of gas
emission, improving safety),

improving corporate social dialog,
ensuring working standards,

developing teamwork,

improving the level of employee
engagement.

O O O O

Source: based on social corporate report 2008 (www.arcelormittal.com).

Social responsibility management is currently directed by a Board
of Directors represented by eight nationalities and is at the same time
responsible for corporate strategy. Board members were workers and trade
union members in the past. This allows perceiving corporation problems
at all levels. The Board delegates day-to-day management of the company
toa Group Management Board. A very important aspect in corporate
management is clarity and quality in communication with shareholders.
The most important aims of corporate responsibility are listed in table 3.
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Table 3.
The most important aims of corporate responsibility in ArcelorMittal.
Workplace o increment of work safety (incidents reduction),
o legal exceeding of set trade unions by dialog with labor groups,
o improvement of training qualities among employees.
Environment |o intensive reduction of carbon and energy consumption in steel
production,
o reduction of water usage and dust emissions, NOx i SOx in steel
production,
o complete implementation of Environmental Management System
according to ISO 14001,
o increment of steel usage in innovative products,
o safe and renewable technologies.
Communities |o connection with society through economic development,
o improvement of effectiveness of social investments,
o implementation of the highest standards in the area of human
rights.
Management |o maintaining high standards of corporate governance and dialog
with shareholders/stakeholders..
Business ethics | o implementation of ethical code into practice among employees
groups,
o rising ethical awareness of eomployees.
Supply chain | o reduction of negative impact on natural environment,
o raising awareness of fundamental values accepted by a company
in a supply chain,
o increasing social development beyond immediate operation
of the corporation.

Source: based on social corporate report 2008 (www.arcelormittal.com).

Implementation of corporate governance concept in ArcelorMittal group
requires cooperation:

with employees (taking into account employees interests),
with trade unions and their offices (negotiating collective agreements
about work),

e with main suppliers and receivers (realization of “One face” politics —
standardization of operations in the whole corporate structure),

e with main competitors (collaboration strategies, cooperation),

e with government, regulatory agencies, administration offices
of supervision and control (labour inspections, environmental
sanitation services, building),
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e with organizations and societies that have influence on state
regulations and public opinion.

Arcelor Mittal group operates in industrial sector of high occupational
hazards thus implemented and realizes a strategy of “zero injuries”.
The strategy is based on effective leadership, cooperation and dialog among
all employees, opinion exchange, training on occupational development
and programs to built awareness of work safety and hygiene. Global Health
and Safety Committee is the managing organ and it is made up
of representatives from each of the business areas. In 2007 the amount
of US$ 216.4 million was spent on work safety measures, which represents
4% of the total amount of yearly expenditure. Pic. 1 presents proportional
breakdown of injuries in steel operations in the company. The corporation
implements programme to build employee awareness of work safety
and health. The programme is based on a real cooperation among employees
who not only support each other but also control own behaviors, as a result
of which self-improvement process is realized. The employees release
the feeling of responsibility for own and others safety. There is
an atmosphere of mutual trust and openness in the company. This situation is
conducive to effective internal communication. Through communication
the whole process of changes in employees attitude and motives of action is
achieved. Personnel that receives information on work safety can improve
skills in selecting right and wrong activities.
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Pic. 1.: The incident structure in steel operations in ArcelorMittal
Source: Social report ArcelorMittal 2008.
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Each department of ArcelorMittal implements a programme to upgrade work
conditions. This programme is prepared for a particular calendar year
and consists of planning tasks which realization should contribute
to the improvement of work conditions.

Health and safety days are organized in the whole corporation. Programmes
to reduce the negative impact of noise, dust emission and other factors
on employees health are realized, actions to stop cigarette smoking, alcohol
use and campaigns on HIV and AIDS are encompassed. In June 2008
ArcelorMittal signed an agreement with union trades related to occupational
health and safety.

The highest standards of occupational health and safety were implemented
in all companies of the group. In organizational structures Health and Safety
Corporate Office was created. Until the year 2011 all corporation plants
should obtain OHSAS 18001 certificate. So called medical plan of action
directed at employees’ health and safety (prophylactic examinations,
symposium on health protection) was prepared (13).

Changes taking place in the companies’ environment led to the evolution
of ideas on the main factors of market success. To the traditional sources
of competitive advantage belong: products, technological processes,
and financial resources. Whereas modern understanding of market success is
based on human resources, which means on employees of high occupational
qualifications, creative employees, flexible, mobile and entrepreneurial.
ArcelorMittal corporation as a modern organization chose occupational
development of employees. There are organized trainings in the group’s
plants, functioning Mittal University and Manager Academy. As a result
of project global reach training programmes are also available in English (e-
learning). At  Global English website (www.globalenglish.com)
the employees have a possibility to learn English online 24 hours per day,
7 days per week for 60 users in Poland. Whereas Online Training Centre
(OTR) Thomson NETg (www.netglearning.com) is a database with hundreds
of trainings in functional areas such as accounting and finance, customer
service, human resources management, sales, marketing, project management
or planning to which currently 63 wusers in Poland have access.
Implementation of further initiatives in framework of Mittal University such
as Business Book Reviews (www.businessbookreview.com) and Steel
University (www.steeluniversity.com) (14)'¢ is planned. Manager Academy
offers training, courses for managerial Staff. The structure of Manager
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Academy programme consists of three fundamental blocks:

block 1 Attitude and knowledge — its aim is to build new occupational
attitudes, new organizational culture and company value,

block 2 Management Skills — covers four topics: performance
management, leadership, personal effectiveness, leadership in a team;
the aim of the programme is to upgrade managerial skills
of the management Staff.

block 3 Professional Skills — training on art of presentation,
innovative and analytical thinking, stress control, decision making
and problem solution, labor law, job interview, production cost
management, lean manufacturing, value chain management, project
management, sales negotiations, sales process management,
techniques of telephone sales manners, motivating and delegating
of powers, solving conflicts and difficult situations in the company,
business communication, building team cooperation, employee
performance review and shift management (15).

Manager Academy programme is consecutively updated with new training
topics. It is a long-term programme (its further editions are planned). Direct
spending on education and development in the year 2007 was US$ 112
million.

The company focuses on development of leadership competencies. A new
organizational corporate scheme was created which concentrates on:

using management competencies

result orientated decision making

strategic thinking

teamwork

effective communication

increasing competency (learning and occupational development)
stakeholder and market orientation.

In the report published by the corporation the role of company
in environmental protection is highlighted. The significant problem is
to reduce the emission of CO,. The company uses two ways to reduce CO,
emission:
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e direct reduction of CO;, emission in production processes,

e steel recycling (globally recycled steel brings 600 million tones
of CO, savings annually). ArcelorMittal is the biggest recycling
company in the world.

The company rationally manages resources and waste. On average the annual
consumption of water for steel production is about 18 million m® of water.
ArcelorMittal used up in production processes 2.2 billion m’ of water
in the year 2006. The aim of corporation is to reduce water use, especially
in North America. Sewage disposal takes place strictly through the system
of settling tanks and separators. Only rain water is drained into surface water
or ground water. In the 2007 untreated wastewater accounted for less
than 1% of all sewages, in 2008 all sewages undergone treatment.

In waste management about 83% of waste from production processes is
subject to recycling. The rest is neutralized or temporarily stored (16).

In the year 2007 ArcelorMittal corporation assigned US$ 215 towards R+D
(Research and Development), including modern solutions in environmental
protection. It is worth paying attention to the fact that 79% of all operations
received ISO 41001 certification. The first comprehensive review
of the environmental impact was carried out and the map of activities
prepared. In May 2008 energy politics were implemented and US$ 500
million transferred towards energy efficiency improvement programme
for the years 2008-2012. To reduce pollution emission to air US$ 306 million
was spent.

Environmental protection requires product improvement. ArcerolMittal
employs over 1400 researchers in 14 research centers located in Europe,
Canada and Brazil. US$ 210 million was invested in new product
development in 2007.

ArcerolMittal contributes to shaping the world’s economy not only through
financial contributions but also by creating new products and communities
development. Realization of the marketing motto “fransforming tomorrow”
means engagement into social-economical development. In countries all over
the world, ArcelorMittal builds objects for local communities (roads,
hospitals, outpatient clinics, schools etc.). It also transfers financial resources
for a purchase of necessary equipment for non profit institutions. Community
development is included in:
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e health care (prophylactic examinations)
e infrastructure development (buildings, equipment)
e ceducation (building schools, purchasing educational equipment).

Community care also shows in creation of new workplaces. In Liberia
the corporation invested US$ 1.5 billion into steel and mining together
with railway and port development ensuring 3.5 thousands of new jobs.

The next component of corporation strategy is local communities’ skills
development through financing training and courses. Social development
strategy is based on:

sustainability — enables development of communities in the long term.
locality — takes into account cultural nature of local communities
(traditions, customs, habits)

e integrity — cooperation of communities representatives including local
authorities, non-governmental organizations and private partners.

In the process of strategy realization the corporation created Responsible
Business Committee which assignment was to focus on particularly urgent
social matters.

To sum up, the responsible business programs in ArcelorMittal have been
carried out for three years (since the year 2007). The first corporation report
presenting the scope of realized tasks was published in 2008. In the year 2009
local and regional reports of each company being a part of ArcelorMittal
group e.g. ArcelorMittal Ostrava (the report available
at www.arcelormittal/ostrawa) were published.

4. Summary

In the last few years huge changes have taken place in the perception
of business and its role in present economy. Corporate social responsibility is
a conception according to which companies voluntarily participate in creating
better society and cleaner environment. The advantages for the companies
that publish social reports are as follow (10)

e strengthen of the company’s image as a social responsible company,
e Dbuilding a new reputation as a social responsibility corporation,
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creating new business opportunities (new markets, innovations
in production, better technological solutions etc.),

assurance of stabilization and understanding within the surrounding
(within different shareholders),

increase of the corporation’s attractiveness as an employer (social
responsible business gathers high qualified work force),

increase of noneconomic motivation (raise of employees’ motivation
in every day work),

increase of work effectiveness by improving and rationalizing
the processes,

building the synergy effect inside the company as well as outside by
intensive communication within the company and various social
groups.

Corporate social responsibility leads to development of new partnership
relations inside as well as outside the company. A new form of social dialog
and new company value is created which is based on economical, social
and ecological unity.
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Chapter 2.3.

KLASTER — POTENCIAL ZVYSOVANIA

VYKONNOSTI ORGANIZACIE

CLUSTER - THE POTENTIAL FOR
INCREASING ORGANIZATION’S
PERFORMANCE

Jolanta STASZEWSKA'

Klucove slova: klaster, podnik, efektivnost

Abstrakt

Hlavny ciel klastra, vyuzZivajici pozitiva modernych sieti, integruje v sebe ciastkové ciele
Jeho ucastnikov. Uroveii dosiahnutia stanovenych cielov spétne ovplyviuje Struktiru klastra
a jeho rozvoj. Nasledne mozno hovorit' o efektivnosti klastra - je to synergicky efekt,
vyplyvajuci zo spolocne popisanych, ale rozdielne realizovanych trhovych cielov ucastnikov,
vplyvajuci na trhovy uspech kazdého podniku zvlast, ale aj siete ako celku. Posudzovanie
efektivnosti klastra je potrebné realizovat' na zaklade uspechu jednotlivych podnikov, ktoré
su sucastou klastra, a ktori svojou kooperdciou vytvaraju pre klienta novii hodnotu. Miera
jej akceptacie trhom je dalsou ulohou, ktora by si vyzadovala posudenie pri uvahdch o
efektivite klastra.

! Doc. Ing. Jolanta Staszewska, Phd
Politechnika Slaska v Gliwiciach,

Fakulta materidlového inzinierstva a metalurgie,
Katedra riadenia a informatiky.
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1. Uspech Kklastra

Zavery v tejto Casti su realizované na zaklade 41 vyskumom o klastroch
v Pol'sku, ktoré¢ wuskutocnila a dalej uskutoctiuje autorka. Dosledky
klasteringu autorka na zdklade ziskanych poznatkov rozdelila do troch
urovni, t.j. mikro, mezzo a makro, €o priblizuje tab. 1

Analyzujiic pripady polskych klastrov mozno predstavit vysledky
klastrovania v dvoch variantoch.

Prvy variant sa tyka klastrov, ktoré funguji uz niekol’ko rokov, maju urcita
organiza¢no-pravnu formu a patria do skupiny najpokrocilejSich v svojom
zivotnom cykle.

Druhy variant sa tyka klastrov, ktoré st na zaciatku svojej cesty, v spustacej
faze, zodpovedajucej tzv. projektovanym klastrom. Pokus urobit’ takéto
rozdelenie sa zda byt spravny vzhl'adom na potrebu vnimania istého
Specifika efektov pol'ského klasteringu a jeho vplyvu na podnik.

Okrem toho si pozornost’ zasluzi fakt, ze v pol'skych podmienkach je eSte
tazké rozoberat’ efekty klasteringu na makro urovni. Vzhl'adom na pociatky
tohto procesu st vysledky na narodnej Urovni zatial nepozorovatelné.
V pripade ¢innosti jednotlivych klastrov je zjavné pritahovanie zahrani¢ného
kapitalu a ndrast exportu, ale opét, vzhladom na narodné hospodarstvo st to
¢innosti relativne malého rozsahu.

Na regiondlnej urovni su uz citelné vplyvy cinnosti klastrov. Tyka sa to
ale najviac  rozvinutych  klastrov. Efekty sa tykaji  zniZovania
nezamestnanosti a inicializovania novej politiky vzdeldvania personalu. Ta
spofiva v tom, Ze broker klastra koordinuje vzdeldvanie mladeze uz
na urovni strednych §kol takym spdsobom, ktory zabezpecuje persondlne
potreby podnikatelov v klastri — poctom aj kvalitou (napr. klaster Dolina
Lotnicza). Okrem toho, spolupraca v klastri vyzaduje od podnikatel'ov
vyuzivanie modernych informacnych technologii, ¢o priaznivo podporuje
Sirenie modernych komunikaénych technik v regione.
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Tab. 1.

Efekty Cinnosti klastrov v Pol’sku

Uroveii mikro Uroveii mezzo Uroveii makro
o zvySenie obratov, zisku, o zniZenie o pritiahnutie
o zmodernizovanie metdd nezamestnanosti, zahrani¢né
riadenia l'udskych zdrojov, o iniciovanie novej ho kapitalu,
o stimulovanie podnikania, politiky o zvySenie
o Tlahsi pristup k zdrojom, Vzdelé\’/ama exportu,
, o zniZenie transakénych perff)nal.u,
Aktivne nakladov, o rozsirenie
klastre , o informac¢nych
o vyroba  produktov  vysSej Lo o
Kvality, te.cl,mologu kvol¥
L . . cielom  oblasti
o zlepsenie vyjednéavacej pozicie, komunikécii,
o vsetky .efekty z tejt9 Grovne | ZviSenie  Grovne
vyskytujiice sa v projektovych identifikacie
klastroch, s regionom,
o prelamovanie mentalnych bariér| o vplyv na obraz
podnikatel'ov, regionu,
o zabezpeCenie  dlhotrvajuceho
uspechu malym podnikatel'om,
o tvorba novych formalnych
urovni komunikacie,
o zdokonalenie neformalne;j
. , komunikécie stmel'ujuce;j
Projektované spolupracu chyba
klastre ’

o tok skrytych poznatkov,

o moznosti zavedenia  capital
venture (rizikového kapitalu),

o objavuje sa obava pred
zbyrokratizovanim kontaktov s
lidrom a okolim a obava zo
znasania nakladov spojenych so
vstupom do klastra,

Zdroj: viastny elaborat.
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Pokrocilejsi klaster pritahuje investorov, posililuje region investiciami,
stimuluje podnikatel'ské spravanie. Podnikatel'ské vnimanie meratelnych
efektov prostrednictvom cinnosti v klastri (zvySenie obratov, zisku,
rentabilnosti) zvySuje ich naklonnost’ k inovacidm. ZvySenie mieri inovacie
jednotlivych subjektov klastra v pol'skych podmienkach zatial’ tazko mozno
spojit’ s inovaciou regiénu. Preto mozno hovorit’ o inovacii ako o ddsledku
klastrovania predovsetkym na mikro Grovni, ¢ize v podniku.

Podnikatelia participujici v klastri dosahuji  efekty spocivajuce
predovsetkym vo zvySeni obratov, zisku, znizeni transakénych ndkladov,
jednoduchSom pristupe k zdrojom. Stavaju sa konkurencieschopnejsi
v porovnani s podnikmi, ktoré nie s spojené s klastrom, kvoli nizSej cene
produktu. Maji zjednodusSeny pristup do vyskumno-rozvojovej sféry,
¢o zvySuje moznost vyrabat inovované produkty aprodukty s vysSou
kvalitou.

Podnikatelia, ktori spolupracou spajaji svoje sily, maji ako klaster
zjednodusené moznosti vstupovat na nové trhy. V porovnani s inymi
podnikmi sa zlepSuje ich vyjednavacia pozicia a uchadzanie sa o prostriedky
pomoci je jednoduchiie vdaka &innosti siefového brokera. Casto su
zavadzané nové principy personalnej politiky. Uptsta sa od vSeobecne
prijattho modelu riadenia I'udskych zdrojov, zvaného sito, a prechddza sa
na model budovania 'udského kapitalu.

Predostreté¢ efekty sa vSak tykaju podnikov aktivnych v starSich klastroch
(zprvého  variantu). Naopak, v pripade vznikajucich klastrov,
tzv. projektovanych, sa viditelné¢ efekty klastrovania tykaji vylu¢ne mikro
urovne a maju kvalitativny charakter.

Vo faze vzniku nemozno este hovorit’ o ekonomickych vysledkoch podnikov,
lebo na ich ziskanie sa podnikatelia eSte len pripravuji. Viditelné efekty sa
tykajh:

e prelamovania mentalnych bariér vyskytujucich sa medzi manazérmi,
ktoré znemoZziuji  spoluprdcu; pomaly sa vytrdca pocit
nebezpecenstva tykajuceho sa obav z kradeze ndpadov, kupovania
partnerov,
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e Dbuduje sa vedomie zabezpecenia dlhodobého obchodu pre malé
podniky,
e aktivizuje sa podnikatel'ska klima,

e zdokonaluje sa komunikicia pomocou vytvdrania jej formalnych,
novych trovni,

e dochéddza k zdokonaleniu neformalnej komunikécie, podnikatelia sa
CastejSie kontaktuji v atmosfére nezavéiznych priatel’sko-obchodnych
stretnuti, o posililuje véazby v klastri,

e prejavuje sa slobodny tok tzv. ukrytych poznatkov,

e tvoriace sa kontakty medzi podnikateI'mi, v rdmci Skoliaco-
informaénych programov propagujucich klastering, moéZu priniest’
ovocie vo forme nevel’kych vstupnych investicii venture capital.

Na zéklade vysSie uvedeného je zrejmé, ze vysledky klastrovania v Pol'sku
maju vyluéne pozitivny charakter. Tato situdcie neznamena, Ze klaster
prinaSa len vyhody. Negativnymi dosledkami moézu byt: odcudzenie sa
skupiny podnikov okoliu a nadmerné uzavretie sa siete, vytvorenie
vnutornych dohdd — zodpovedajucich kartelom, zanik prirodzenej tendencie
konkurovat’. Takéto vedl'ajSie dosledky boli popisané medzi podnikmi dobre
rozvinutych svetovych klastrov. V Pol'sku k takej situdcii eSte nedoSlo, preto
sa dosledky obmedzuju iba na vyhody.

Pre klaste je dolezit¢ rozpracovat metodiku, ktord umozni hodnotit’ ich
uspech. K rieSeniu tohto problému, autorka navrhuje pristupovat’ na zaklade
modifikacii strategickej analyzy tykajucej sa Cinitel'ov uspechu sektora. Pri
adaptovani na klaster, mozno navrhnit' nasledovné hodnotenie kli¢ovych
¢initelov uspechu klastra.



Tab. 2.
Hodnotenie kl'uc¢ovych Cinitel’ov uspechu klastra (priklad vyskumu pre klaster X)

Cinitele tspechu V:':h-a H -hodnotenie (1 VaZena hodnota
P -5) VxH

1 Zhustenie podnikov daného odvetvia v ) 4 3
regione
Ponuka pochadzajica z potencialne

2 . . 2 3 6
konkurenénych podnikov

3 Prepgjreme ucastnikov klastra 3 5 15
s regidnom

4 Ucast J.ednotlek lzemnej Samospravy 3 5 15
v klastri
Reprezentacia ,,zakladatel'ov” klastra

5 . y 2 4 8
v hospodarskom spolocenstve

6 Lokfll.lzama klastra v regione so silnou 3 5 15
tradiciou

7 | Uloha klastra pre odvetvia kraja 3 4 12
Urovei pokrytia interpersonalnymi

8 e, . . 3 3 9
vztahmi regionu (mesta v klastri)

9 | Lokalna znacka 3 4 12

10 IV’.rograrp rozvoja odvetvia v priestore ) 4 p
¢innosti klastra
Ziskavanie finan¢nych prostriedkov z

11 , . . 3 4 12
EU na rozvoj klasteringu
Moznost ziskavat’ z daného odvetvia

12 | ) 2 3 6
r6znorodé produkty

13 Formghzama Clenskych procedur v 5 4 8
klastri

14 Vplyv samospravy zvySujuci pocit 5 4 3
stability medzi u¢astnikmi klastra

15 Stlmulfml.a kla§tra rgznorodyml 3 4 D
externymi projektmi

16 Zvysujuci sa dopyt po roznych ) 4 p
druhoch ponuky z daného odvetvia
Zhodnost’ smerov rozvoja domaceho

17 produktu daného odvetvia s ur¢enymi 1 3 3
programami rozvoja tohto odvetvia
v klastri
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Tab. 2. (pokracovanie)
Hodnotenie kl'uc¢ovych Cinitel’ov uspechu klastra (priklad vyskumu pre klaster X)

V- H -
Cinitele ispechu vaha  hodnotenie VaZena hodnota V x H
1-3) a-5
18 Podpora domaceho podnikania | 3 3
verejnymi organmi
Spristupnovanie pracovného trhu v
19 , e . 1 2 2
odvetvi pre zahrani¢ny personal
Rozsirovanie sa zivotného Stylu,
20 ktory vytvara potrebu novych | 3 3
produktov v odvetvi, ktoré moze
ponuknut’ aj klaster
Zaujem o pracu v odvetvi medzi
21 A . 1 3 3
mladezou v kraji
Urovei ponuky v profesiach
22 . , ] 1 3 3
spojenych s danym odvetvim
23 POU.Z'ltle n'mfiernyclll t.c?chnologu na ) 4 p
odosielanie informéacii
24 Velkost’ trhu (’)dvetV1f1 a ) 5 10
predpokladany rozvoj
25 | Sezoénnost’ alebo stalost’ ponuky 4 4
26 | Intenzita konkurencie na trhu klastra 3 3 9
27 Vysoke’ kapitalové poziadavky v ) 3 6
odvetvi
Uloha spolocenskych, politickych
28 | ukazovatel'ov, ukazovatel'ov 2 4 8
prostredia atd’. pri rozSirovani klastra
29 | Investi¢na atraktivita prostredia 3 4 12
30 | Inovacny potencial v odvetvi 2 2 4
31 Uroven.trhovych poznatkov podnikov 3 3 9
v klastri
32 Uroven vplyvu réznych projektov na ) 4 3
klaster
33 | Pritomnost’ lidra v klastri 1 3 3
34 | Uroveti prepojenia klastra s vedou 2 2 4
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Tab. 2. (pokracovanie)

Hodnotenie kl'uc¢ovych Cinitel’ov uspechu klastra (priklad vyskumu pre klaster X)

Cinitele ispechu

Uroven internacionalizacie v
majetkovych a organizacnych
kategoriach

V-
vaha
1-3)

H-
hodnotenie
1-9)

Vazena hodnota V x H

36

Kritické ohlasy na klaster

37

Féza rozvoja klastra

—_—

38

Zdroj klastrovych iniciativ

[\SR RS |\

39

Uroveti unikatnosti produktov
regionu

[

40

Propagacia poznatkov o klastri

41

Mechanizmy vymeny informacii
medzi klastrom a okolim

NN

42

Vplyv miestnych organov na odvetvie

—_—

43

Uroven zdanenia podnikov

—_—

44

Trendy v odvetvi

— =N NN N

[y JEN Y IR NS RO NCY Y FoN

45

Uroven konkurencie zahrani¢nych
ponuk

Siucet hodnotenia

294

Zdroj: viastny elaborat.

Ziskany celkovy sucet 294 bodov bol prideleny prisluSnym Ccinitelom
uspechu klastra, pri predpokladanom maximalnom pocte 675 bodov.

Znamena to, Ze na zaklade ohodnotenia klI'i¢ovych Cinitelov, je mozné urcit’
uspesnost’ klastra:

0 - 134 b. — klaster nie je GspeSny

135 - 269 b. — nizka Groven dosiahnutia uspesnosti klastra,

270 - 404 b. — stredna Groven dosiahnutia uspesnosti klastra,

405 - 539 b. — dobra troven dosiahnutia ispesnosti klastra,

540 - 675 b. — vel'mi dobra uroven dosiahnutia ispesnosti klastra.
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Ziskané celkové hodnotenie pre Cinitele Uspes$nosti klastra ho umoziuji
umiestnit’ v triede strednej urovne dosiahnutia uspe$nosti. Znamena to, ze
skiimany klaster X ma polovi¢nu prilezitost’ na to, aby dosiahol uspech
pri vyuziti odkrytych stimulaénych ¢initelov.

NajdolezitejSie prvky vplyvajuce na uspesnost’ klastra boli urcené tak, ze sa
vybrali tie Cinitele, ktoré ziskali najvyssiu vazent hodnotu.

NajdolezitejSie vnatorné Cinitele stimulujuce klaster k uspechu, v priklade
klastra X, su:

e prepojenie UCastnikov klastra s regionom,

e aktivnost regionalnych samosprav v klastri,

e vyskyt vyznamnych tradicii spojenych s odvetvim v regione,
e vlastnenie lokalnej produktovej znacky,

e investi¢nd atraktivita odvetvia.

Medzi najddlezitejSie vonkajSie Cinitele stimulujuce klaster k Gispechu zase
pre skumany klaster patri:

e ziskavanie fondov z EU,

e stimulovanie klastra roznorodymi projektmi.

Z toho vyplyva, ze klaster potrebuje na uspech prisun zdrojov, investicii,
podpory samospravy a vyuzivanie tradicie daného odvetvia v regione,
ako aj predaj znackovych produktov. Pre uspeSnost’ klastra sa zda byt
najmenej dolezitou skuto¢nost’ vysokého zdanenia zivnosti podnikatelov
a to, Ze ma klastrova iniciativa a jej posililovanie charakter ,,z hora”.
Priemyselné klastry su v Pol'sku viac pokroc¢ilé vo svojom rozvoji ako klastry
v oblasti sluzieb.

V klastroch pozorujeme budovanie novej hodnoty pre klienta a je mozné
hovorit’ o rozvijani sa novych zéasad riadenia, v¢itane marketingu.

Riadenie realizované prostrednictvom tradicnych funkcii — planovacej,
organizacnej, motivujucej a kontrolnej ziskava iné dimenzie. Nie je riadeny
vyluéne jednotlivy podnik, hoci ten proces pokracuje, ale riadend je siet’
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ako celok, v ktorej sa d& vypozorovat’ synergicky efekt tykajici sa zdrojov
na vstupe a vysledkov na vystupe sustavy.

Ak sa vklastri vyskytne broker, vtedy prostrednictvom brokera st
realizované riadiace funkcie prave v oblasti ziskavania zdrojov a predaja
produktu. Tvori sa spolocny marketing, ktory sa vztahuje na vytvaranie
spolo¢ného produktu, politiky distribucie, propagacie ¢i ceny produktu, ktory
vytvoril klaster.

Podniky, ktoré medzi sebou spolupracuju, sa budu rozvijat’ ako celok v smere
uréenom klastrom. Uspech klastra je tspechom podnikov, ktoré sa na fiom
zuCastiiuju. Klaster neumoziiuje, aby sa podniky individudlne zastavovali
v rozvoji. Uspech je efektom synergie kooperacie v sieti.

Zaver

Klaster sa ukazuje ako atraktivna perspektiva pre podnikatelov, hlavne
vzhladom na predpokladané ekonomické a iné vyhody prestizneho
charakteru, ktoré oakavaju podnikatelia.

Preskimané dosledky v spojitosti so  stimulujucimi a destimulujucimi
faktormi nabadaji k d’alSiemu vyskumu v oblasti hodnotenia, ¢i klaster je
pre podnikatelov spravnou cestou ich rozvoja v aspekte ich aktivnosti
na trhu.
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Chapter 2.4.

CALCULATION MODEL OF TEACHING COSTS

IN A UNIVERSITY

VYPOCTOVY MODEL NAKLADOV NA
VYUCOVACIU HODINU V UNIVERZITNOM
PROSTREDI

Matgorzata JUCHA"", Grzegorz BOCEWICZ', Jozef MATUSZEK **

Abstract

A calculation model of teaching costs in a university is a system of guidelines, notions and
relations to facilitate an assessment of the costs generated by individual university
departments, majors, subjects etc. The existing calculation models based on the assessment
of costs with the use of precision data prove to be ineffective in practice. The major
drawback of these systems is the fact that it is not possible to take into account non-precision
data in relation to cost generating factors (e.g. the number of didactic groups, hourly rates
etc.). This article presents the author’s own proposal of a cost calculation model based on
the formalism of fuzzy logics (with the use of the L-R representation). On the basis of the
model proposed, it is possible to assess the costs of an academic subject with imprecise
information concerning cost generating factors, or the values of those factors are assessed
which imply the values set of the cost of a subject.

" Politechnika Koszalifiska, ul. Sniadeckich 2, 75-453 Koszalin
** Akademia Techniczno — Humanistyczna, ul. Willowa 2, 43-309 Bielsko-Biata



NOVE ASPEKTY ROZVOJA VYROBNYCH ORGANIZACIi

1. Introduction

Teaching of students in universities is a process of the provision
of educational services. Considering their complex structure, it is not always
possible to exactly define some of cost components. There are various
methods and ways to determine them, however not all of them are of a
practical use (6).

The Institute of Problems of Contemporary Civilization in Warsaw (3) was
the first to make an attempt to develop a cost calculation model. This is a
complex and inaccurate model. The authors of this model divide costs into
three groups: the costs of the existence of a university, teaching costs, costs
of studying. The model proposed is described with 22 variables and 22
equations. The complexity level of the computational algorithm is not
proportional to the accuracy of the results and the data required today for the
purpose of the management of a university. The division proposed provides
overall information without any possibility to assess the costs of the tasks
performed by the organizational units of the university. In practice, models
are necessary which facilitate the valuation of costs of e.g. fields of studies,
and this one gives no such results.

The model of teaching costs is built on the basis (6) of two assumptions:

e the didactic hour is the carrier of costs,
e the student is the carrier of the costs of activities.

With the aid of the carrier of costs, the average teaching cost of a student is
calculated per one didactic hour. With the aid of the carrier of costs,
the number of didactic hours per one student is calculated. The product
of these two factors presents the average cost of teaching a student.

The results of calculations in this model aim at the determination
of the average cost of providing a major or a subject because of one the type
of data is an average hourly rate. Such a method to calculate costs leads to
approximations which are too large. This model lacks precision as to the rates
applied and the carrier of costs, i.e. the student and the hour. This forces the
user to possess information concerning the number of didactic hours in
aweek or a semester. This model does not take into account the budget
which is at the disposal of the university. The calculation of the hours in
semesters and in weeks is not justified as the structure of didactic hours is
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determined at the beginning of the semester, and the number of didactic
hours for individual subjects is set in teaching standards.

However, in opposition to the models presented in the literature, the model
presented in this study does not deal with the issue of indirect and direct
costs, because this is a calculation model of the costs of a subject or a field of
study that takes into account the type structure of costs. It enables one to
calculate those variables from which the cost depends with a specific budget,
and also to assess the budget with given variables. The model proposed
provides answers to a number of detailed questions:

e How many didactic groups can be formed with a specific budget
allocated to a subject?

e  What deviations from the accepted cost level are permissible?

e  What cost of a subject can be expected with specific data that forms
this cost?

The proposed calculation model of teaching costs answers these questions.

In accordance with this model, the number of didactic hours is important,
which depends from the number of student groups. The advantage of this
model is the possibility to use non-precision data, which on the budgeting

99 ¢

stage is determined as “between”, “circa”, and “not more than”.

2. Calculation of teaching costs
2.1. Modeling of teaching costs

In order to implement actions concerning the functioning of a university both
in the area of costs and receipts, the managers should be in the possession of
an initial calculation, which is prepared quickly and correctly, so that the
effects of making a specific decision could be determined.

When preparing to open a new field of study, prior to taking any decision,
a university should collect information concerning the following:

e any additional costs to be borne by the university,
e the value to be reached by the costs during the first year,
e the costs that will burden the university’s budget in the coming years.
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It is impossible to obtain this information with the currently used cost
statement, which is based on historic data. This requires a lot of effort
and time, which is too a cost value: “time is money”.

A solution was proposed based on the results of an analysis of the structure of
the expenses by the type conducted on the basis of the report data from
several universities (4). The conclusions from this analysis indicated that it is
the staff costs that are the most important costs borne by the university as
they constitute over 70% of the total costs. If we exactly assess staff costs,
the remaining value can be added as a margin of costs.

For the calculation of staff costs, the data concerning those parameters that
have an influence of these costs are required. When analyzing staff costs, it
was established that the manager of a unit, before taking a decision
concerning opening of a new major, is to know those analytical values which
have an influence on the calculation of the final cost, i.e. the following:

the number of lecture groups,

the number of exercise groups,

the number of laboratory groups,

the staff,

the remuneration rates of those employed for the needs of the major.

Those in charge of the university are to be familiar with the value
of the costs; they should also know what receipts they can expect
in connection with the subsidy granted as well as fees for studies related
to the opening of a specific major. Owing to this information, it can be
determined what the results of decisions taken will be. If a loss results from
a specific action, it is to be assessed in what period it will be maintained;
a profit is the result, and what its value will be.

In order to obtain complete information in this area, the statement
of the teaching costs makes it possible to capture the full teaching cost during
one financial year. In order to find such an arrangement of costs that will
provide an answer to the question: how much does one student cost within a
year?, one needs to establish and analyze several factors that are required to
make managerial decisions, such as the following:

e what product this will be (e.g. a new major),
e data concerning the demand in the area of dynamics,



NEW ASPECTS OF MANUFACTURING ORGANIZATIONS’ DEVELOPMENT

e qualitative calculations (fashion, demand on the labor market
for specific specialists, easy and comfortable studying),
e the picture of the situation on the market.

One needs to pay attention to the fact that concerning setting of fees
for educational services, costs are not the only value which limit their
amount. Fees for law, medicine and psychology studies may serve
as an example. The prices for the abovementioned majors depend
from the demand, while the price of extramural studies is not prohibitive to
future students. Technical majors are an example where the price for studies
constitutes the main factor to undertake studies: they require from the future
student a lot of effort during studies. These studies are much more difficult
from the point of view of the subjects and the skills which are verified on
technical studies during laboratory exercises.

The decision to be taken by the managerial staff of the university concerning
undertaking actions aimed at opening a major should depend first of all from
the research personnel, secondly, from the laboratories and their equipment,
thirdly, from the expenses to be borne in order to obtain a good quality of
teaching.

Considering the abovementioned quantitative parameters (e.g. the number of
hours, the hourly rate) and qualitative (the teaching level) it is to be stated
that the teaching costs are not the only factor on which decisions made in a
higher school depend. The cost amounts that are to be calculated as well as
the qualitative factors give a complete value of didactic services.

A numerical example is presented below, which demonstrates
the significance of the calculation of the basic decision-related factor, i.e. the
cost of remuneration.

2.2.  Estimation of teaching costs

The purpose of the estimation of costs is to determine which costs are to be
taken into consideration when planning to open a new major.

In item 2.1, those costs were described which have a substantial impact
on decisions related to plans to open a new major. The data concerning
the following constitutes the components of staff costs related to conducting
didactic class in a major:



NOVE ASPEKTY ROZVOJA VYROBNYCH ORGANIZACIi

e the number of didactic hours,
e the types of didactic classes,
e the hourly rates for those who conduct didactic classes.

Ko = [(Lh,, - Gr,

where:
Ko -
Lh,, -
Lh, -
Lh; -
Lh, -
Gry, -
G, —
Gny -
Gy, -
Ay A AL AL~

N —

-Ay) + (Lh. - Gr.- A) + (Lhy, - Gry - Ay) + (Lhy - Gr - AD] - N (1)

the staff cost of the subject,

the number of lecture hours for the subject,

the number of exercise hours for the subject,

the number of laboratory groups for the subject,

the number of project hours for the subject,

the number of lecture groups,

the number of exercise groups,

the number of laboratory groups,

the number of project groups,

the hourly rate of a teacher who conducts: lectures,
exercises, laboratories, projects,

the value which increases the costs of remuneration
(benefits for employees: 30%), the constant: 1.3.

The personnel cost obtained from dependence (1) is the component
of the cost of conducting the subject (2):

where:
Kpp -

Kpp = Ko+ (Ko-C) 2)

the cost of conducting a subject,

the personnel cost (gross remuneration + margins),

the proportion of the staff costs to the total costs 2/8 (the
costs of maintaining rooms, laboratories, i.e.: energy,
materials, external services, depreciation, apparatus).

On the basis of dependence (2), the cost of conducting a subject is calculated
when accepting an estimated number of didactic hours. The data concerning
the rates of remuneration are calculated on the basis of remuneration tables

for those who are

academic teachers as specified inthe Decree by the

Minister of Science and Higher Education concerning the terms and
conditions of remuneration for work and granting other benefits related to
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work for those hired by a public university, dated 22 Dec. 2006 (Journal of
Laws No. 251, Item 1852 from the year 2006). The results obtained from
dependence (2) are presented in Table 1 on the example of a subject which is
conducted on the major of “Information Technology” by the Department of
Electronics and Information Technology at the Koszalin University of
Technology. This subject is conducted during 44 hours. One professor, who
conducts lectures, and an assistant lecturer, who conducts exercises, are
involved in the subject. The didactic hours are divided into two types of
didactic hours as follows: 22 hours of lectures and 22 hours of exercises.
For the purpose of the calculations, it was accepted that the cost
of the monthly gross remuneration of the professor will approximately be
PLN 5,000, and the cost of the assistant lecturer will be PLN 2,800.

The remuneration multiplied by 12 months and divided by the teaching load
gives the hourly rate of conducting the didactic classes. The teaching load is
the number of the didactic hours conducted by an academic teacher during
one academic year, which corresponds to the position occupied in the
university in the said example: for the professor, 240 hours of the teaching
load was accepted in the calculation of the rate, and 240 hours of the teaching
load for the assistant lecturer for the calculation of the rate. The result was
multiplied by the number of didactic hours, and then increased by 30 per
cent. This increase involves the margins of the remuneration that constitute
the costs that the employer has to bear when hiring a staff. These are national
insurance contributions, the company’s fund of social benefits and the fund
of awards.

Tab. 1.
Components of the calculation of the costs of conducting a subject
for the opening of a new major
Analogue Dlectures| 1 PO [PLN250 | 5500 7150
Snats i |+ 28958
22 assistant 16 016
systems exercises 4 lecturer PLN 140 12 320

Source: Author’s own study
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The example presented above demonstrates the dependencies between
the cost of remuneration and the data required for its calculation. It also
demonstrates the possibility to calculate the total costs of conducting
a subject. In order to calculate the cost of conducting a major, the subjects
included in the curriculum are to be set; further, the number of hours,
the forms of classes and the number of student groups are to be determined.
Once these values have been obtained, the personnel is to be assigned to each
subject; then, on the basis of a contract concluded with each member of the
personnel, the hourly rate of the classes conducted can be determined.

The cost of conducting a major constitutes the total costs of the realization of
the subject, which are set in the teaching standards, and are obtained
in accordance with the following dependence:

Kpk = (Kpp: + Kpp, + Kpps + -+ + Kpp;) A3)
where:
Kpk - the cost of conducting the major,
Kpp; —  the cost of conducting the i subject.

What cost will be borne by the university when introducing the subject from
the example?

The results of calculations obtained with the use of the model provide
an answer to this question and all the other questions set above. They make it
possible for those in charge of the university to take a decision concerning
the majors that are open or closed.

One needs to remember before taking a decision concerning opening a new
major or continuing an existing one that over 70 per cent of the cost of
teaching a student involves remuneration and margins.

One also needs to remember it is not only numerical data concerning costs
that is required to take managerial decisions. Several factors that are not
measurable need to be considered. First of all, the product that is
of an interest to us is to be determined, e.g. a new major; the data concerning
the demand needs to be collected; a long-term forecast concerning
the demand for a given major is to be set, and it needs to be determined how
this will change in time.
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Those in charge of the university should remember that the cost is a certain
consequence of taking decisions concerning majors. For this reason, quick
information concerning the cost will give the possibility to provide funds to
cover this cost.

The precision data used in the example do not make it possible to determine
the teaching costs in a situation when we deal with a plan. It does not include
an answer to the following questions asked in universities:

e  What will the university enrolment be like? — this constitutes the basis
for the planning of finances in the didactic activity in compliance with
the dependence as accepted in the example.

e How many student groups will there be?

e  How many didactic hours will there be?

In planning, approximate values are to be accepted as it will never be
possible to accurately foresee the enrolment numbers, which determines
answers to questions: how many groups, how many hours.

For this reason, the model proposed to calculate the teaching costs includes
an element of uncertainty in the form of fuzzy numbers.

The model proposed accepts the representation of knowledge in the form of
the following pair: a set of decision variables and a set of relations
that describe connections between decision variables. The model was
formulated in the formalism of the theory of fuzzy sets.

According to dependence (2), budgets can be determined for specific didactic
classes or individual majors. Fig. 1 presents the stages of the construction of
the university’s total costs, whose basic component is the wages budget:

e determining the proportion of the type of conducting of didactic
classes for individual subjects,

e determining the costs of the wages budget for the subjects conducted
in the unit,

e calculation of the costs for e.g. a department, a unit etc.

e calculation of the costs for a faculty,

e the total costs of the functioning of the university.
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% of lectures conducted,
% of classes conducted,
% of laboratories and projects conducted.
— /)
~
Budgeting of wages fund

-

Costs of department

-

Costs of faculty

-

University’s wages fund

Fig. 1.: Settlement of university’s wages fund

The wages fund is the basic component of costs that constitutes ca. 70 per
cent of the budget. For this reason, it constitutes the basis for the construction
of the budgeting model in the university.

The drawback of the model presented in Table 1 is that the data required for
the calculation of the cost of conducting a subject is precise, whereas
budgeting is based on non-precision data.

A plant involves data that is “circa”, “not more than”; these terms are
characteristic of fuzzy numbers; for this reason, an analysis of costs and the
decision-making process connected with them determines the need to operate
on non-precision data. This means that a construction of a system to facilitate
a decision support through providing answers to a set of routine questions
should be based on a model which takes into account an imprecise nature of
the knowledge related to the process described.
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3. Model of budgeting

In chapter 2, the method was presented to determine teaching costs based on
precision data. However, in practice it is required on many occasions to make
an estimation of costs without an accurate knowledge of some of the
parameters. Therefore, it is necessary to build a model of costs which accepts
an imprecise nature of the knowledge possessed. The approach proposed
accepts a representation of knowledge in the form of a pair: a set of decision
variables (which represent the costs and the parameters connected with them,
e.g. Kpp,Ko etc.) and a set ofrelationships (e.g. dependences of the
determination of costs (1), (2), (3) that describe the relationships between
decision variables. This model and the problem connected with it is
formulated in the formalism of the theory of fuzzy sets.

3.1. Fuzzy model
It was accepted that the model under elaboration includes the following:
e fuzzy decision variables:
V={V," ... %}

where:

- a finite set of fuzzy decision variables,
.th . . .
i fuzzy decision variable.

N

V; fuzzy variable is a variable that accepts imprecise values represented in the
form of fuzzy numbers. A fuzzy number is a set of pairs described in a
certain space of discussions X (1), (2):

{(u(),v)}, Vv e X, “
where:
Y7, — the membership function of the fuzzy number which
assigns to each element
veX - the level of its membership

uv)t - o the fuzzy number, whereas: y(v) € (0,1).
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Membership function u realizes a representation of the space of discussions
X of a given variable to range (0,1): 4 X — (0,1). The space of discussions
is defined on the set of real numbers X c R.

In the literature (8), (9), it is usually accepted that the fuzzy number (4)
fulfills the following conditions:

1. supyex H(v) = 1, i.e. the fuzzy number (4) is normal,

2. vy + (1 — D)vy) = min. {u(vy), u(v,)}, i.e. the fuzzy number (4)
1S convex,

3. u(v) is continuous through intervals.

The abovementioned assumptions apply to fuzzy numbers described
in the space of real numbers X  R. Further in the paper, it is also numbers
described in those spaces that are subsets of natural numbers that will be
taken into consideration. In the case of such numbers, the fulfillment of the
“convexity” and “normality” conditions is assumed. Fig. 2 presents two fuzzy
normal and convex numbers: a number described in the space of real numbers
(continuous function u(v)): Fig. 2 a) and a number described in the space of
natural numbers: Fig. 2 b).

(V) (v)
! N — A
e
o | \ !
Lo e
O. » 0 { ° : : : ! ! ! —)
012345467289 v 0123456 7 8V

Fig.2.: Example fuzzy numbers:
a) described in R space, b) described in N space

The number from Fig. 2b is used for the description of values with a discrete
nature. For example, if fuzzy number 2b specifies the number of student
groups, in the coming academic year we may expect “circa 4” groups, not
more than 8 and not fewer than 1.
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The following was accepted in the context of the discussion above:
v, = {(yl.(v),v vveX, VeV (%)

which means that fuzzy variable V; accepts an imprecise value that is determined
by 4; and X;.

With the notion of the set of fuzzy decision variables V, the notion is closely
related with the family of the domain of variables M:

M = {Ml, Mz, ey Mﬂ.}’
where:

M; - the domain of variable V/;.

Domain M; is a set of fuzzy values that can be accepted by variable V;: V; €
M;. 1t is accepted that M; is defined as follows:

M; = {{(u(w),v)}: Vve X, Vueo,} (6)
where:
X; — the space of discussions being common for all the values
of variable ;.
0; — a set of the membership functions of the value

of variable ;.

For example, a set of Gaussian functions with centre (m) from range (1,10)
and width (o) from range (1,2) has the following form:

0, = {e‘(?)z: m € [1,10], o € [1,2]} )
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wv) A (m=1)(m=2) (mE[l,lO])

c=1

o €[1,2]

Fig. 3.: Example set of membership functions

The set of membership functions (4) is presented in Fig. 3. If we accept that
Fig. 3 presents the domain of the cost of conducting a subject (in thousand
Polish zloty), the fuzzy value of the variable is from the range from “ca. 1
thousand” to “ca. 10 thousand”.

In compliance with the above, the domain of each variable M; is
determined on the basis of a pair of the space of discussions X; and the set
of membership functions &;, which will be represented by
the representation of p:

ML' = p(Xl" 01) (8)

e relationships between fuzzy decision variables:

R={R,R, ...R,}, ©)
where:
R — a finite set of relationships between fuzzy decision
variables,
R; — ™ relationship.

Relationships describe connections between the values of specific fuzzy
decision variables. A relationship between two fuzzy variables is
the following fuzzy set:

Ry = {(8@Pay B), (D0 0))}, V04 € My, VD, € M), (10)
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A My x 7, > (0,1) (11)

where:
Dg, Up — the fuzzy numbers that are the elements of domains M,
and M),
M, x M, — the Cartesian product of domains M, and M,,.

Similarly as in the classical definition, the Cartesian product of domains with
fuzzy elements is determined as a set of all the ordered pairs of the elements
of these sets:

My x My, = {(§4, Dp): VP, € My, VD, € M, }, (12)

fi; —the membership function of relationship R; with fuzzy arguments.
The value of membership function f;(¥,, U},) is to be interpreted as a degree
of the fulfillment of relationship R; for the arguments of D, 7.

An example of relationship R; can be constituted by a relationship that is
described with the following statement: “variable ¥, is smaller than variable
V,”(e.g. cost V7, is smaller than the budget V, possessed). Fig. 4 presents
several possible values of variables V,, 7, and the value assigned to them of
the fulfillment of relationship R;.

A~

Fig. 4 a) presents a situation when the value of variable V, is certainly smaller
than the value of variable V, (the cost is smaller than the budget). The
membership functions of the values accepted do not intersect (the areas that
are limited with curves do not possess any common parts), hence the value of
the membership function of the relationship is 1: ﬁi(?a, I7b) = 1. At the same
time, in the situations from Figures 4 b) and 4 ¢), the membership functions
do not intersect any longer, i.e. there are certain values v which belong at the
same time to ¥, and V. In such cases, relationship R;is not fulfilled for each
value v (it seems that the cost is smaller than the budget: Fig. 4b, and almost
certainly the cost is not smaller than the budget: Fig. 4c). In the last figure
(Fig. 4d), it can be clearly seen that value V,is greater than value V), hence
relationship R; is not fulfilled (ﬂi(Va, Vb) = 0) (the cost is certainly not
smaller than the budget).
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Fig.4.: Relationship “variable V , is smaller than variable V,”: a) V, is smaller
than Vy, b) V, is almost certainly smaller than V, ¢) V, is almost certainly not
smaller than V, d) V , is not smaller than V

To recapitulate the discussion above: a model can be fulfilled in the form of
the following pair: a set of fuzzy decision variables V with a family
of domains M and a set of relationships R. In the approach, the model takes
on the following form:

FM = ((7,),R). (13)
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In the context of the model understood in this way, it is possible to formulate
questions related to the search of the value of a specific subset of such
decision variables that fulfill a given set of relationships.

3.2. Formulation of the problem
FM = ((17 M)I?) is given, which includes the following:

e a set of fuzzy decision variables V, whose values are determined by
M,

e a set of fuzzy relationships R which determines the relationships
between variables V,

In set V7, two subsets of variables were distinguished:

UYev, UnY=o.
A set of relationships Ry is given that describe relations between
the variables of set Y. The degree of the fulfillment of relationship S is given
that is included in set R U Ry.

An answer is sought to the following question:

Are there such values of variables U, for which the relationships included in
set R U Ry will be fulfilled in a given degree S?

Seeking of such values U for which the degree of the fulfillment
of the relationships included in set R U Ry will be on a given degree S means
seeking such values for which membership function fi; of each relationship of
set R U Ry takes a value which is at least S.

Distinguishing in the set the decision variables of sets U and ¥ means that
FM can be perceived as an “input — output” system (Fig. 5).

e “Input” Uis a set of such variables whose values are not known, and
which we want to know.

e , Output” Y is a set of such variables which are not known
and for which a set of relationships R¢ is given that specifies
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additional relationships between them. In particular, relationships Ry
can be relationships of an assignment to the variables of specific
values. In such circumstances we can say that the values of variables
Y are known.

In this approach, the problem presented involves seeking such an “input” Jof
FM system that will guarantee obtaining “outpus” Y that fulfills a given set of
relationships Rp. In other words, in the context of a given object, the
“reason” is sought that guarantees a specific “result”.

%> FM = ((7,0),R) £>

Ry

Fig.5.: FM as in input/output set

It is to be noted that unlike this type of problems that are dealt
with in the literature (8), an imprecise (fuzzy) nature of both decision
variables and relationships that connect individual variables is accepted in the
problem under consideration. In this way, the solutions sought can “more” or
“less” fulfill the assumptions given. This means that a decision maker may on
his own determine the limits of the space of solutions through the definition
of the degree of the acceptation of individual solutions.

3.3. L-Rrepresentation

The problem presented in Chapter 3.2 connected with the FM model (10) is
of an overall nature. Depending of the accepted class of decision variables V/

and relationships R, it can be made more specific and can be used in different
decision support areas. In this chapter, a particular case was presented of the
FM model that is dedicated to the problem of the calculation of the costs of
conducting subjects. The precision consists in accepting L — R representation
of fuzzy values and a determination in this representation the form of the
relationships corresponding to algebraic operations. In particular, the
following is accepted in this model:
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e the values of fuzzy decision variables V; € V are described
with the aid of the L-R (8) representation. This representation
represents fuzzy numbers with the aid of 4 parameters:

(my, my, @, B) Lg> (14)
where:
[my, m,] —  a range referred to as the core ° of the fuzzy
number, the value of the membership function in
this range is 1: u(v) = 1,Vv € [my, m,]
my, m, — the lower and upper limits of the core,
a,pB - — the range of the left and right slopes of the fuzzy

number.

The four presented (11) determines the parameters of the so-called L and R
mapping functions. L and R mapping functions are such that: L(0) = R(0) =
1; L(1) = R(1) = 0. The membership function of a fuzzy number is defined
as follows:

L (mz—v) , whenv <m,

u) = 1 , whenv € [m;, m,] (15)
R (%), when v > m,

It was accepted that L and R are linear functions.This means that membership

functions accept triangular or generally trapezoidal shapes. Fig. 6 presents an

example of a description of a triangular number and a trapezoidal (flat)

number.

The assumption of a trapezoidal shape of the membership function for each

value of decision variables V; determines the form of the set of membership

functions 0;. A set of membership functions @; which includes trapezoidal

functions only, will further be determined by II;.

This means that the domain of a fuzzy variable in L-R mapping is determined
similarly to (5) as the following function:

Myg; = p(Xi, IT;) . (16)



NOVE ASPEKTY ROZVOJA VYROBNYCH ORGANIZACIi

) ,ea. 5" 2(v) from ca. 3 to ca.

> 0| t t »
01234567289 Vv 0123456 738 v
m—-a m =m, m, + m-a mmz"‘ﬁ
(5,5,2,4)LR (3'7:1l1)LR

Fig.6.: Description of fuzzy numbers in LR mapping,
a) “ca. 5, b) “from ca. 3 to ca. 7”

In particular, M, ; is a set of fours that represent fuzzy numbers included in
the following domain:

MLR,I: = {(mllmZI a, B)LR: ml) mZ) alﬁ € Xi } ) (17)

where:
X; — the space of discussions of variable V;.

In this context, the family of domains for the L-R representation, similarly as
M , takes on the following form:

MLR = {MLR,p MLR,Z: ----’MLR,n}- (18)

e a set of relationships R includes algebraic relationships only
(described with the use of operators: “+7, -, 7/7, 7.7 «“=7 1 €< 4>
“<?, “2”). The following expression is an example of such
a relationship:

R\i: [71 + 2172 = V3. (19)

This is an example of an equivalence relation, where the result of the sum
V, + 2.V, is compared with the value of variable V5. The result of the relation
is a set of the values of variables V;,V,, V3, for which the membership
function of set R; fulfills: fi; > S;, where: S; is the acceptation degree of
relation R;.
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Definitions of algebraic operations are required for the construction
of this type of relations. For the representation of L-R (8):

e sum,,+” of two fuzzy numbers (V;, V,) is defined as follows:

Vs = (1h37,) = (ml,VgﬂmZ,V3'aV3'ﬁV3)LR (20)
where:
Vi = (ml,vl’mz,vllavllﬁvl)w,
V, = (m1,V2’m2,V2: aVZJﬁVZ)LR:
My, = Myy, + My, May, = Myy, +Myy,,
an = aV]_ + aVz’ ﬁVg = ﬁVl +ﬁV2’
e difference ,,=” of two fuzzy numbers (V/;, V) is defined as follows:
V3 = (V12V2) = (m1,v3:m2,v3,a’v3:.31/3)LR (21)
where:

vl = (ml,Vlf mZ,Vlr 0(V1, BVl)LR'

vZ = (ml,sz mZ,sz OCVZ' BVZ)LR’

My, =Myy, —Myy, Myy, =Myy, —Myy,,
ay, = ay, + Bv,, Bv, = ay, + By,

e product ,” of two positive fuzzy numbers (V;, V) is defined
as follows:

‘73 = (‘71 ?‘72) = (ml,VgﬂmZ,V3'aV3'ﬁV3)LR (22)

where:
Vl = (ml,vl' m2,V1' aV1' BVl)LR'
VZ = (ml,VZ' m2,V2' aVz' BVZ)LR’

myy, =My, "My, My, =Myy, "Myy,,
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aV3 = ml,V1 ' (XVZ + ml,VZ ' (XVl - (XVZ ' avl' BV3 = m2,V1 '
BVZ + mZ,VZ ' BV]_ - BVz ' BVl'

e quotient,,/” of two positive fuzzy numbers (V;, V,) is defined
as follows:

]73 = (‘717]72) = (ml,V3'm2.V3’aV3“8V3)LR @)

where:
Vl = (ml,vl' m2,V1' aV1' BVl)LR'
VZ = (ml,VZ' m2,V2' aVz' BVZ)LR’

myy, = m1,V1/ mpy, My, = mz,vl/ myy,,
oy, = myy, * By, + myy, -y, By
myy, - (m1,v2 - sz) :
_myy, " Bay, + myy, - By,

mpy, - (mz,v2 - O(VZ)

Equivalence and minority relations (1) are defined as follows:

e majority relation R;: V; = V, , whose degree of fulfillment is:

2 (0, 7,) = 2 (24)

S1 — the size of a fuzzy number that is the value of variable
V.. The size is calculated as the area of the surface
limited by the curve of the membership grade i, (v),

A\ — the size of a fuzzy number that is the value of variable
V,. The size is calculated as the area of the surface
limited by the curve of the membership grade fi, (v),

S* - the size of the common part of those fuzzy numbers
which constitute values V; and V,. Size S* is calculated
as the area of the surface limited by the curves
of the membership grade {1, (v), fi,(v).

e minority relation R;: V; < V, ; the fulfillment degree is as follows:
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ﬁi(Vsz) = oty (25)
where:
S1 — the size of the fuzzy number that is the value of variable
I71 )
Sy — the size of the fuzzy number that is the value of variable
s,
Sk —  the area of the surface limited by the curve

of the membership degree [i; (v) reduced by the area
of the surface of common part S*,

st — the area of the surface limited by the curve
of the membership degree fi, (v) reduced by the area
of the surface of common part S™.

The set of relationships of an algebraic nature constructed with the use of the
operators presented will be marked as follows:

RLR = {RLR,D ﬁLR,Z' ey ﬁLR,m} (26)

In the context of the discussion above, the L-R model takes on the following
form:

MK = ((‘7: Miz), ﬁLR) (27)

Similarly as in the FM model, for the MK model (21), the following problem
is considered:

MK = ((17 M), ﬁLR) is given, which includes the following:

e a set of fuzzy decision variables V, whose values in the L-R
representation are determined by M; g

e aset of fuzzy relationships R g which determines algebraic relations
between variables V.

In set V7, two subsets of variables are distinguished:

U0Yev, UnY=0.
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A set of relations R;pp is given that describe relationships
between the variables of set Y. The degree of fulfillment S is given
of the relationships included in set R, and the degree of fulfillment Sy of the
relationships included in set R, gy.

An answer is sought to the following question:

Are there such values of variables U for which relations included in set Ry
will be fulfilled in a given degree S and relations R,y will be fulfilled in a
given degree S¢?

Unlike the overall problem in this case, the search of the values of variables
U is understood to be the search of the values of those parameters (14) that
represent a fuzzy number. Seeking parameters and not membership functions
alone brings down the problem to the one where variables take on precision
values (parameters (14) are understood as variables in this case). Therefore,
the problem presented may be brought down to the form of the problem of
fulfilling PSO constraints, where variables constitute parameters of the
membership function of the values of fuzzy variables V:

PS = ((VLR' D), CLR)» (28)
where:
Vir — set of variables m;, m,, a, B that represent the values of
fuzzy variables 7
Digr - a family of the domains of those variables that determine

the permissible values of variables m;,m,,a,f; it is
accepted that the domains are equal to the spaces
of discussions X;.

Cir — a set of those constraints that represent the degree of the
fulfillment of relationship R,z and R, zp. The constraints
take on the form of the following inequality: f;(V,z) =
S for the relationship of set R, and fi;(V,z) = Sy for the
relationship of set R, pp, where f; is the function that
determines the degree of the fulfillment of relationship
Ri.

Obtaining an answer to the question asked is brought down to the solution of
the problem of the fulfillment of constraints (21).
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4. Calculation examples

The examples presented serve to illustrate the use of the MK model
to determine the values of the parameters connected with the cost
of conducting the subject of Analogue Technology: Signals and Systems. The
purpose of the first example is to illustrate the determination of the number of
didactic groups with a budget that is known. The purpose of the second
example is to illustrate the determination of the cost of conducting the subject
of Analogue Technology: Signals and Systems.

4.1. A “backwards” example

The purpose of this example is to illustrate the determination, on the basis of
the model proposed, the number of student groups that determines the costs
of conducting of a subject that do not exceed a given level of the budget.

The determination of the number of groups concerns the subject of Analogue
Technique: Signals and Systems. This subject is foreseen for 44 hours of
didactic classes including 22 hours of lectures and 22 hours of exercises. All
the factors are known which have an impact on the cost: apart from the
number of groups (lecture and exercise groups). The cost of conducting the
subject should fit in the budget given amounting to “ca. 30,000 zloty”. In this
context, an answer is sought to the following question:

Is there such a number of didactic groups which determines obtaining of the
cost of conducting the subject of “ca. 30,000 zloty”?

The problem considered has a nature of a “backwards” type. For a given
value of the cost, the values of those parameters that guarantee this cost are
sought. Due to the uncertainty concerning the real number of newly created
student groups after the foreseen enrolment for another academic year, it is
required to use a fuzzy model. For this purpose, the MK model (26) was
used. In this model, the following set of fuzzy decision variables was
accepted V/:

V= {I?Bw; RBC, 1?7)' K/IE. Z}\lw' l,‘}\lc ) G?W' G?C' Aw' Ac' élt éz' val' vaz}a 29

where:
Ko, — the fuzzy staff cost of the lectures,
Ko, — the fuzzy staff cost of the exercises,

—

Ko — the fuzzy staff cost of conducting the subject,
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Kpp — the fuzzy cost of conducting the subject,

Lh, — the fuzzy number of lecture hours for the subject,

Lh, — the fuzzy number of exercise hours for the subject,

Gr, —  the fuzzy number of exercise groups,

G, — the fuzzy number of lecture groups,

A, — the fuzzy hourly rate of the teacher who conducts
the lectures,

A, — the fuzzy hourly rate of the teacher who conducts
the classes,

C.,C, — the constant proportionalities of the staff costs to the
total costs,

N,1,N,, — the value which increases the costs of remuneration and

margins connected with remuneration.

Variables V represent the individual costs as well as the required components
for their calculation (in compliance with dependence (1)).

The descriptive relations and the values of costs depend from specific
parameters and are formulated in the form of relationship R .

The relations which describe the connections between the value of the cost of

conducting the subject Kpp and the remaining variables take on the following
form:

RLR = {ﬁLR,I’ R\LR,ZJ R\LR,BJ RLRA}s (30)
where:

ﬁLR,I: W'C} :m)'él (1)

R.r,: Ko = Ko, + Ko, (32)

ﬁLRB: I?Bc ’ va1 = D\lc ’ @c 'Ac ’ Nwz (33)

Rina: Koy Ny = Lhy - GTy - Ay - Ny (34)

Relations (31)-(34) constitute a generalized form of dependences (1)-(2)
(which takes into account the imprecise nature of the variables) (1)-(2).
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In compliance with the assumptions of the MK model, in the set of decision
variables V, input variables U and output variables ¥ were distinguished.
Those variables that determine the number of student groups Gr,,,, Gr, form a
set of input variables U while the remaining variables:
Kpp,Ko,,, Ko, Ko,A,, A, C,, C,, Ny, N,,, form output variables Y.

For output variables, relationships R,zp are known which assign
to the variables the values of these variables (margin values, proportionality
factors, hourly rates etc.):

ﬁLR?,3:mc =(22,22,0,0), 5 (35)
Rigpa:Lhy, = (22,22,0,0).4 (36)
Ry s Ay = (250,250,0,0) 5 (37)
Ry e Ac = (140,140,0,0) 5 (38)
Riry 7 Nyy = (13,13,0,0) 5 (39)
Rigys: Ny = (10,10,0,0) .5 (40)
ﬁLR?,9: 61 = (10,10,0,0) .5 (41)
ﬁLR?,lO: €, = (88,0,0).z (42)
R, gy 11: Kpp = (30000,30000,10000,10000), 5 (43)

All the variables with the exception of Kpp accept precision values
represented in the form of singletons.

It is to be noted that the relationships that occur both in Rz and R,z sets

accept the form of “equivalent” relationships whose fulfillment degree fi; is
defined by (24).

In the context of a model defined in this manner, the question concerning the
number of didactic groups for the subject of Analogue Technique: Signals
and Systems is as follows:



NOVE ASPEKTY ROZVOJA VYROBNYCH ORGANIZACIi

Are there such values of variables U (the number of didactic groups
Gr,,, Gr,), for which the relationships included in the set and the relationships
from set R, ry will certainly be fulfilled?

Providing an answer to such a question involves a representation of the MK
model as a problem to fulfill PS constraints (28) and solving it with the use of
the technologies of programming with constraints (Oz Mozart environment (11)
). The set of solutions obtained included only one permissible solution. The
number of lecture and exercise groups is as follows:

R\LR?J: E?W =(1,1,0,0)r (44)
R\LR?,Z: E?C = (4!411!1)LR (45)
a) b)
H(v) Gr, = (1,1,0,0) 5 H(v) Gr, = (44,1,1) 5
| B et el | B ettty Nkl
0 T T | 0 T : #
0 1 v 3 4 5 v
my=m, m=a g =m, m, +f
exactly 17 Lca.4”

Fig.7.: Number of lecture groups G,.,
a) and exercise groups G, b) in L-R representation

With Gr,, number of lecture groups “exactly /”” and of exercise groups G,

“ca. 47, the cost of conducting the subject (Kpp) is between 23953 and 33963
(cf. Fig. 8d).
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a) b)
H(Y) Ko, = (16016,16016,4004,4004),,  H(V) Ko,, = (7150,7150,0,0),¢
1 ________________________
> 0- >
0 12012 16016 20020 v 7150
c) d)
u(v) Ko = (23166,23166,4004,4004)

> 1 T
0 19162 23166 27170 vy 23953 28958 33963 vy

Fig. 8.: The costs of conducting the subject:
a) the staff cost of the exercises, b) the staff cost of the exercises, c) the staff cost of conducting
the subject, d) the total costs of conducting the subject

Owing to the determination of the didactic groups in the form of fuzzy
numbers it is possible to establish the range of costs that can be achieved.
With the budget given of “ca. 30,000 zloty, 1 lecture group and “ca. 4”
exercise groups are to be created. If we create 5 exercise groups, we will
exceed the budget by 3,963, and with three exercise groups there are some
savings. In general, each cost component Kpp may accept fuzzy values in a
specific space of discussions with an assigned degree of certainty.

4.2. “Forwards” example

The purpose of the present example is to illustrate the determination
of the value of the cost of conducting the subject of Analogue Technique:
Signals and Systems with the fuzzy values of the number of student groups
known. The subject is foreseen to involve 44 hours of didactic classes
including 22 hours in the form of lectures and 22 hours in the form of
exercises. The hourly rate for the lecture is 250, and the hourly rate
for exercises is 140. The number of the exercise groups is specified to be “ca.
127, and the number of the lecture groups to be “not more than 2”. In this
context, an answer is sought to the following question:
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What will be the cost of conducting the subject of Analogue Technique:
Signals and Systems?

The problem under consideration is of a “forwards” nature. The value of the
cost is sought, which is implied by the given values of the parameters.

Similarly as in the “backwards” example, obtaining an answer to the question
involves a formulation of the MK fuzzy model of the calculation of costs. In
this model, the same set was accepted of decision variables V (29) and the set
of relationships R,z (30).

As opposed to the “backwards” example, the set of input variables U includes
cost variable Kpp, whereas the set of output variables ¥ includes the
following variables: Gr,,, Gr,, Ay, A., C1, Cy, Nyyy, Noyo.

For the output variables, relationships R;zp which assign their values to the
variables taken on the following form:

ﬁLR?,l:mc =(22,22,0,0), 5 (46)
Rigy2: LRy, = (22,22,0,0) 1 47)
R 3 A, = (250,250,0,0) 5 (48)
Riry 4t A. = (140,140,0,0) 5 (49)
Rirys: N1 = (13,13,0,0) 5 (50)
Rirye: Nz = (10,10,0,0) ¢ (51)
Rigy7: €, = (25,25,0,0) 5 (52)
Ry gy s: C, = (100,100,0,0) 4 (53)
Rigyo: Gryy = (2,2,1,0) 15 (54)

R\LR?JO: G/\T'C = (12'1214J2)LR (55)
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In the context of the model defined in this manner, the question is as follows:

Are there such values of variables U (the cost of conducting the subject Kpp)
for which the relationships included in set R g and the relationships from set
R, gy will certainly be fulfilled?

Providing an answer to this question involves a solution of the problem of the
fulfillment of PS constraints that corresponds to the MK model formulated.
The solution obtained (the values of cost Kpp and Ko, Ko,, Ko) is
illustrated in Fig. 9.

For the given values of parameters (46)-(55), the value obtained of the cost of
conducting the subject is in the range of 48978-87945 (“ca. 69000”). This is
such information that facilitates taking a decision concerning introducing the
subject to the curriculum of the studies.

V) Ko, = (48048,48048,16016,8008),, V) Ko,, = (17875,17875,0,7150)

<V

(I) 32032 48048 56056 V 17875 25025
©) d)
M) Ko = (55198,55198,16016,15158),c (V) A Fpp = (68998,68998,20020,18948),.,
117N 1
0+ > } T »
0 39182 55198 70356 48978 68998 87945

Fig. 9.: Costs of conducting the subject:
a) the staff cost of the exercises, b) the staff cost of the exercises, c) the staff cost
of conducting the subject, d) the total cost of conducting the subject
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4.3. Conclusions

The examples presented above prove the fact that with imprecise input data it
is possible to calculate the cost of conducting the subject in a specific range.
An imprecise nature of input data determines an imprecise nature of the cost
of conducting the subject. This means that this model allows one to answer
the questions asked with planned data.

The first example demonstrates the application of the calculation model
of the teaching cost through backward forecasting. It shows a situation when
data is determined with the budget known and a verification is made as to
whether this budget will not be exceeded. This gives a possibility to specify
those parameters that have an impact on the cost. This is also a mechanism
which provides an answer to the following question: are there such
parameters that prevent one from exceeding a specific level of costs?

The second example provides an answer as to what value of the costs can be
achieved with specific data that has an impact on their amount. This allows
one to estimate costs before they are incurred on the basis of imprecise data,
which cannot be accurately estimated on the stage of planning.

5. Conclusions

The calculation model of teaching costs based on fuzzy numbers has filled
the gap concerning the lack of strategic information. For this reason,
the proposal addressed to the university in the form of a model of a cost
statement that is based on imprecise data meets the needs of managers. This
model offers a possibility to answer questions concerning the cost of the
subject, major, unit and the whole university related to the teaching of
students and graduates. It facilitates forecasting with the aid of imprecise data
and allows one to introduce historic (precision) data, owing to which it is
possible to control the plan with its execution. The deviations occurring serve
as an indication and enable one to make the input data more precise as the
degree of the imprecision of input data determines the imprecision of output
data.

The advantage of this model is the possibility for those in charge
of the university to promptly obtain information (through the use
of the techniques of programming with constraints) concerning the value of
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the costs for a specified period of time for the purpose of the valuation of the
student cost. In general, it allows one to answer questions concerning the
value of costs, and also constitutes the basis for answers concerning each
variable from which the total cost depends.

The cost calculation model does not offer a possibility to evaluate an impact
of the creation of new majors on the costs of conducting those majors that
already exist. The L-R representation with a description of fuzzy variables
allows one to solve problems on a scale that is found in practice.
Nevertheless, its drawback is that it allows one only to use descriptions of
fuzzy variables with the aid of trapezoidal membership functions.

Further research should cover an extension of the model to obtain a greater
functionality concerning a comparison of historical data with the forecast
obtained through the mapping of the uncertainty factor.
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