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Abstract 

The carried on studies consider a crucial complex exploitation system of strategic importance from the national 
economy point of view. In case of such class of systems, operation and service processes should be executed according 
to maintenance strategy named maintenance strategy by controlled consumption of operational potential. Thanks to it, 
optimal amount of operational potential included in the system can be transformed into the effect of the system 
operation. To execute exploitation processes according to the mentioned above strategy a model of operational 
potential consumption process should be implemented. The model estimates amount of operational potential consumed 
during exploitation processes execution. During carried out studies, models used to manage exploitation systems 
maintenance were identified. In the paper, identified models are divided into groups of analytical, stochastic and 
system ones. Next, usefulness of each group of models to control processes of exploitation phase of crucial complex 
strategic exploitation systems was discussed. As a result it was stated that it is necessary to create the universal system 
model, which can project influence of forcing factors on a state of technical object being a part of considered class of 
technical systems. In the paper, a structure of created universal system model was also proposed. This model was 
created by implementation the artificial intelligence techniques in form of genetic algorithms and fuzzy logic. Fuzzy 
logic was used to model approximate character of model input data and genetic algorithms were used to optimize 
a value of model output data.  
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1. Introduction 
 

In the exploitation phase the main groups of executed processes are operation and services ones 
[10]. In order to avoid the exploitation conflict between the activities which origin from limited 
access to technical object [27], those processes are managed together by introduction of 
exploitation strategies. In case of crucial, complex exploitation systems of strategic importance [7] 
only some exploitation strategies could be used. This is due the fact, that not planned immobilizing 
of that system can bring huge economic, human or social losses or risk of such losses [3]. As 
a result of carried out studies [20] it was stated that at the start moment of the service processes 
there is an amount of operational potential not transformed into the effect of the system operation. 
This situation is independent from a type of exploitation strategy (one from the set of strategies 
that can be used in case of crucial objects). In case of the technical object exchange, this amount is 
lost and the quality of operation of exploitation system is decreased. Controlling the intensity of 
the operational potential consumption it is possible to minimize the amount of operational 
potential not transformed into the effect of the system operation. 

To execute exploitation processes of complex technical system in a rational way the model of 
the operational potential consumption should be used. Applicable model should allow the control 
of operational potential consumption process. In order to do that, the state of technical system at 
the t2- t moment should be identified. The forecast of the state for t2 moment should be also 
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created. Additionally, the course of the function of operational potential consumption in the t 
period of time should be established. It should be done on the basis of the knowledge of time 
courses of forcing factors. 
 

 
Fig. 1. The process of the operational potential consumption in the time scale - the strategy by controlled 

consumption of operational potential 
 

According to each considered exploitation strategy, the service processes start at the moment of 
time fixed in advance. This is because the fact that in case of crucial objects it is necessary to 
execute periodical technical maintenance. It is regulated by law and controlled by organizations 
established specially for this purpose [22, 23, 26]. So, this is a situation when an operational 
potential amount for t2- t moment of time is identified and the period t of operation processes 
execution is known (dashed line Fig. 1). Applying the characterized model will thus consists in 
controlling of operational potential consumption (by means of control of intensity of operation 
processes) in such a way that specified amount of operational potential could be transformed into 
the result of system operating in an fixed period of time avoiding the technical object damage 
(Fig. 1 – solid curve). Such strategy is named exploitation strategy by controlled consumption of 
operational potential. 

In order to execute exploitation processes according to presented strategy the model of 
operational potential consumption should be used. The analysis of existing models used for control 
operating processes was done in order to define their usability for complex, crucial systems. 
 
2. Analysis of the models used to control the exploitation processes 
 

The first group of models used to exploitation processes control is analytical models group. 
These models describe dependencies between the wearing processes of machinery elements and 
time courses of forcing factors. Description of wearing degree of machinery elements identifies the 
technical state of the object and consequently the amount of operational potential included in it. To 
formulate an analytical model it is necessary to know theoretical description of the wearing 
processes, which takes place in the examined technical objects. Unfortunately, the knowledge 
about the examined objects is often inaccurate and insufficient to create an analytical model [13]. 
As a result of the studies carried out in a field of not controlled exploitation processes many types 
of tribological [11, 18], corrosive [2] and erosion wearing have been theoretically described. Also 
type of wearing caused by heat load and chemical factors have been described. Unfortunately, still 
some types of wearing processes are not described in a quantitative way. These types of processes 
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are brittle cracking and wearing in a condition of high temperature and pressure [5] as well as 
cavitational wearing [6]. Therefore analytical models of the machinery elements wearing are 
created for the selected groups of elements [19] and for particular exploitation states and wearing 
types [24]. Additionally, the necessary condition of precise identification of technical object state 
by analytical models is familiarity with exact values of forcing factors having an influence on 
object during the operation process. In case of technical objects exploitated in industrial systems 
exact values of forcing factors very often are not known. 

Analytical models, which describe dependencies between wearing process of machinery 
elements and time courses of forcing factors, are used in case of technical systems composed of 
objects of similar construction and low-complex influence of forcing factors. Therefore in case of 
complex technical objects, changes of operational potential quantity could not be given with 
proper accuracy thanks to analytical models use. 

In a field of machinery maintenance the research are carried out with the purpose of using the 
decision models of exploitation control process [9, 17]. The execution of exploitation processes is 
described by finite number of states and finite number of actions. The actions take place when an 
object is in a specified state. They influence on time the object remains unchanged (at the same 
state) and on probability of changing the current status. Analysing these states and actions, the 
decision model chooses an optimal variant of technical objects exploitation execution. The 
research assumes that changes of the state of technical objects happen in a specified, digitized 
moments and that the consecutive object state depends only on the current state. This way the 
digitization of technical system states’ space is introduced. It is equivalent to digitization of 
operational potential consumption expressed as a function of forcing factors time courses. In this 
case the digitization can be defined as a transformation of continuous course into digitized one. 
This is called quantization [14], in a field of values and time. Quantization of runtime is called 
sampling. 

If we want to express the operational potential consumption process accurate enough to control 
its dynamic in implemented digitization, the sampling frequency, according to Shanon theorem [1] 
should be at least two times higher than Nyquist frequency, which is equal to the highest frequency 
included in a spectrum of time course. It generates large quantity of identified technical object 
states. Therefore the description of the process of changes the operational potential amount 
become very complicated. In the research the process of changes of the technical objects status is 
modelled as Semi-Markov one [8, 12] with use of income function [15, 21]. Implementation of the 
models with probabilistic description of their operation moves a domain of consideration into not 
organized complexity where diversification and dispersion of elements is big enough to obtain the 
necessary accuracy of a prediction [28].  

Describing the methods that could be used for modelling the operational potential consumption 
process by means of analytical or probabilistic models, the limitations of their use is defined. On a 
diagram (Fig. 2) the ranges of application for each group of described above models are presented. 
It’s easy to notice the area of complex technical system where it is not possible to control the 
process of operational potential consumption using analytical or stochastic models. 

For complex technical objects belonging to distinguished range of systems space the potential-
effect model of operation process has been worked out. This method describes in general 
operational potential resource and its transformation into the effect of the system operation [4]. It 
is possible to identify the technical system state on a potential – effect plane. Unfortunately, 
presented method does not provide a function that could express the system state into the space of 
its features. It also does not connect the system state modification with a time course of forcing 
factors. That is the reason why the method is not enough for determining the technical system state 
at the t2 start time of the service processes on the basis of state at t2 - t moment and a time course 
of forcing factors within the time range (t2- t, t2). Additionally, the analyzed theory makes an 
assumption that the efficiency of the operational potential transformation into the effect of the 
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object operation is constant. The constant efficiency of the transformation assumes constant 
velocity of operational potential consumption in the complex technical object. Therefore it is not 
possible to control the dynamics of the operational potential consumption process using the 
potential – effect model. 
 

 

Fig. 2. The plane of technical systems distinguished on the basis of possibility of the operational potential 
consumption process modelling 

 
On the basis of the presented analysis of the research carried out in the area of the exploitation 

processes’ modelling it was stated that, at the present time, there is no mathematical model of 
operational potential consumption process that can be used to control the dynamics of this process 
for the specified class of technical systems.  
 
3. Structure of a universal model of operational potential consumption process 
 

Control of run and dynamics of the operational potential consumption process can be expressed 
as a change of trajectory of system operating point during the execution of the process. Because 
the dimensions of technical system state space are its cardinal features thus changes of trajectory 
of system operating point is expressed as changes of values of its cardinal features. That is why 
modification the trajectory of the system operating point is equivalent to controlling the changes of 
values of the system cardinal features and the velocity of theses changes. 

Changes of the values of the system cardinal features take place during operating processes 
execution owing to forcing factors influence. Forcing factors are divided into two basic classes: 
dependent on system operation and independent from system operation [29]. Affection of the first 
class is a result of execution the operating process whereas the second class characterizes the 
influence of surroundings on the system [16]. The level of influence by the forcing factors depends 
on the method of operating process execution as well as intensity of surroundings influence on the 
system. Assuming, the surroundings influence on the system as independent value, we can state, 
that a task of control the changes and velocity of changes of system cardinal features could be 
accomplished by controlling the intensity of operating processes. 

Operating process is described by its parameters values. Thus, the intensity of the realization of 
this process is determined by time courses of operational parameters values. Therefore, in order to 
control the dynamics of operational potential consumption it is necessary to create the model of 
this process. This model should represent changes in amount of operational potential included in 
the system as a function of time courses of operational parameters of the processes. 
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During the studies, a mathematical model of operational potential consumption process is 
considered. The model is based on general formula, which expresses changes of operational 
potential amount included in the object as a function of forcing factors time courses (1) 
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where: 
Pu(t1) - the amount of operational potential at the t1, 

Pu(t2) - the amount of operational potential at the t2, 
Pu - change of operational potential amount, 

)( u
i
z tc  - time course of forcing factor no i that depends on operation of technical object within 

time period tu, 
)( u

j
nz tc  - time course of forcing factor no j that is independent from operation of technical object 

within time period tu. 
Designed model, on the basis of time courses of operational parameters, will estimate the levels 

of forcing factors influence on the system state. Next, based on the levels of the forcing factors 
influence, the changes of system cardinal features will be identified. Finally, based on changes of 
values of system cardinal features, the change in amount of operation potential included in the 
system will be specified (2). 

 

,,,

))(,,)(,)(,,)(())(,,)((:

1

1

2

1

2
1

1

2

1

2
1

1

2

1

2
1

us

nzrnzznzm

Pxx

t

t
tc

t

t
tc

t

t
tc

t

t
tc

t

t
tpe

t

t
tpePM

where: 
PM  - the model of operational potential consumption, 

ipe  - operational parameter no i where i=1,...,m, 

zjc  - forcing factor no j that depends on a system operation j=1,...,n, 

nzkc  - forcing factor no k that is independent from a system operation k=1,...,r, 

lx  - change of the value of the system cardinal feature no l where l=1,...,s. 

Application of described model will be used for defining the technical system state at the t2 

moment on the basis of technical system state at the t1 moment and time courses of operational 
parameters within time period  (3) 21, t  t
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To define time courses of operational parameters in the time period  on the basis of 
technical system state at t1 moment and expected system state at t2 moment it is necessary to create 
an inverse model of operational potential consumption (4) 

21, t  t
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where: 

PM 1
 - inverse model of operational potential consumption. 

For both model and inverse model the input parameter is the system state at the initial t1 

moment of the process. It comes from Markov properties of a system state [25]. It means that 
system state at the t2 moment is uniquely defined by the state at the t1 moment and known input 

 (2) 
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values for  and is independent from the system state and inputs before the t1 moment. ],[ 21 ttt

6. Conclusions 
 

On the basis of the considerations presented in the paper the following conclusions were 
formulated: 
- the minimisation of the amount of an operational potential not transformed into the effect of 

the system operation can be accomplished thanks to control of intensity of operational potential 
consumption process, 

- the implementation of the maintenance strategy by controlled consumption of operational 
potential consists in controlling the dynamics of an operational potential consumption process 
by modification the intensity of operating processes in order to transform all identified amount 
of the operational potential into the effect of the system operation in the determined period of 
time avoiding the technical object failure, 

- for realization the operating processes according to strategy by controlled consumption of 
operational potential it is necessary to use mathematical model of this process, 

- analytical models that describe dependencies between machines parts wearing processes and 
time courses of forcing factors are used in case of technical systems, which consist of objects 
of similar construction and simple function of forcing factors influence. Therefore in case of 
complex technical objects changes in amount of operational potential could not be identified 
accurate enough by means of analytical models, 

- implementing models with probabilistic method of operation moves the considerations to space 
of non-organized complexity where diversification and dispersion is high enough to obtain the 
necessary accuracy of predictions, 

- it is not possible to control dynamics of operational potential consumption process by means of 
potential – effect model of operating process because of assumption about constant efficiency 
of the operational potential transformation into the effect of a system operation, 

- there is no mathematical model of operational potential consumption that can be used to 
control the dynamics of operational potential consumption process in case of complex, crucial 
exploitation systems, 

- designed model, on the basis of time courses of operational parameters, will estimate the levels 
of forcing factors influence on the system state. Next, based on the levels of the forcing factors 
influence, the changes of system cardinal features will be identified. Finally, based on changes 
of values of the system cardinal features, the change in amount of operation potential included 
in the system will be specified. 

 
References 
 
[1] Beauchamp, K. G., Signal processing using analog and digital techniques, Georg Allen 

Unwin Ltd., 1973  
[2] Blicharski, M., Wst p do in ynierii materia owej, WNT, Warsaw 2001. 
[3] Cempel, Cz., Diagnostyka wibroakustyczna maszyn - historia, stan obecny, perspektywy 

rozwoju, Maintanace Problems, ITEE, 3, Radom 2005. 
[4] D browski, T., Diagnozowanie systemów antropotechnicznych w uj ciu potencja owo-

efektowym, Habilitation dissertation, WAT, Warsaw 2001. 
[5] Dzidowski, E. S., Kryteria stosowania mechaniki p kania w projektowaniu urz dze  

energetycznych, OBR GRE, Wroclaw 2003. 
[6] Giere , B. G., Stochastyczne modelowanie kawitacyjnego i cz steczkowego niszczenia 

materia ów, w: Maintanace Problems, 1, ITEe, Radom 2006. 
[7] G ady , H., Matla, R., Praca elektrowni w systemie elektroenergetycznym, WNT, Warsaw 1999. 

392



 
The Analysis of Usefulness of Operational Potential Consumption Models to Control Complex Technical Systems... 

[8] Grabski, F., Semi-Markowskie modele niezawodno ci i eksploatacji, PAN Series: Badania 
systemowe, Vol. 30, Warsaw 2002. 

[9] Grudzi ski, J., Systemy informacyjne w odnowie ci gników i maszyn rolniczych, Habilitation 
dissertation, Academy of Life Science and Technology, Lublin 2007. 

[10] Hebda, M., Mazur, T., Podstawy eksploatacji pojazdów samochodowych, WK , Warsaw 1980.  
[11] Hebda, M., Wachal, A., Trybologia, WNT, Warsaw 1980.  
[12] Ja wi ski, J., Grabski, F., Niektóre problemy modelowania systemów transpotrowych, ITE, 

Warsaw -Radom 2003. 
[13] Korbicz, J., Koscielny, J. M., Kowalczuk, Z., Cholewa, W., Diagnostyka procesów, Modele, 

Metody sztucznej inteligencji, Zastosowania, WNT, Warsaw 2002. 
[14] Luft, M., ukasik, Z., Podstawy automatyki, Part II, Wyd. Technical University of Radom, 

Radom 1988. 
[15] Mine, H, Osaki, S., Markovian Decision Processes. American Elsevier Publishing Company 

Inc., New York 1970. 
[16] Mu lewski, ., Woropay, M., Wdzi czny, A., Paj k, M., Hoppe, G., Badanie i analiza uszkodze  

obiektów technicznych eksploatowanych w systemach energetycznych, IV Polish Seminary 
„Odnawialne ród a energii” Radom 2008.  

[17] Neubauer, A., Symulacyjna metoda optymalizacji procesu eksploatacji realizowanego 
w systemie transportowym, Phd dissertation, ITWL, Warsaw 2005. 

[18] Nosal, S., Tribologiczne aspekty zacierania si  w z ów lizgowych, WPP, Pozna  1998.  
[19] Owsiak, Z., Badania zu ycia wybranych narz dzi rolniczych skrawaj cych gleb , habilitation 

dissertation, Academy of Life Science and Technology in Cracow, 1992. 
[20] Paj k, M., The analysis of maintenance management strategies from the operational potential 

usage point of view, Journal of KONES Powertrain and transport, Warsaw 2008. 
[21] Puterman, M. L., Markov Decision Processes, Discrete Stochastic Dynamic Programming, 

New York, Wiley 1994.  
[22] Rozporz dzenie ministra Gospodarki, Pracy i Polityki Socjalnej w sprawie zasadniczych 

wymaga  dla urz dze  ci nieniowych i zespo ów urz dze  ci nieniowych, Ministerial 
Ordinance dated on 12 maja 2003, Dz. U. 2003 Nr 99 pos. 912 with corrections dated on 22 
July 2004, Dz. U. 2004 Nr 175 pos. 1818.  

[23] Rozporz dzenie w sprawie rodzajów urz dze  technicznych podlegaj cych dozorowi 
technicznemu, Ministerial Ordinance dated on 16 July 2002, Dz. U. Nr 120, pos. 1021.  

[24] Rusin, A., Trwa o  wysokotemperaturowych elementów turbin cieplnych w ustalonych 
warunkach eksploatacji, habilitation dissertation, Politechnic of Silesia, 1996.  

[25] Sawik, T., Analiza i synteza wielowymiarowych uk adów sterowania, University of Mining 
and Metalurgy, Cracov 1984. 

[26] Technical Inspection Act, 21.XII.2000 Dz. U. Nr 122 pos. 1321.  
[27] Webber, R. A., Zasady zarz dzania organizacjami, PWE, Warsaw 1984. 
[28] Weinberg, G. M., My lenie systemowe, WNT, Warsaw 1979.  
[29] Woropay, M., Podstawy racjonalnej eksploatacji maszyn, ITE, Bydgoszcz – Radom 1996. 
 

393


