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Abstract  

The amount of the operational potential included in the system is a main 
characteristic of the system operation possibility and profitability. A quantitative 
analysis of this characteristic should be the source of the information used in 
operation control of complex technical systems. Unfortunately, the definitions of 
the operational potential are mostly formulated in a qualitative way and the 
interpretations of them are different. In this paper, the definitions of the 
operational potential are presented. The description of each definition and the 
differences between them are also enclosed. Next, a new definition of the 
operation potential is formulated. The way of the definition implementation to 
calculate the amount of the operational potential included in a complex technical 
system is also described. At the end of the paper the analysis of the amount of 
the operational potential included in an exemplary real industrial system 
accomplished using the method presented above can be found. 

Introduction 

An operation phase of a technical system is a time period when the system 
accomplishes goals, which were the reason of the system designing and creation. 
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At the beginning of this phase the system is characterised by its ability to 
operating in assumed conditions with demanded efficiency in defined period of 
time. The value of this ability changes during operation phase as a result of 
operation and service processes executed in the technical system. The operation 
processes decrease this ability while service processes increase its value. At the 
end of the operation phase the operation ability of the system is so low that the 
system is designated to destruction.  

One of the most important decisions taken in the process of the technical 
system maintenance management is the one about the system allocation. The 
system can be designated to further operation, service or destruction. This 
decision results from the analysis of the system operation ability. Therefore, the 
key issue of the optimal maintenance management of the technical systems is the 
definition and qualitative and quantitative description of the concerned feature. 

In the literature the operation ability of the technical system is called the 
operation resource or the operation potential. Different authors propose different 
definitions and different interpretation of these terms. To analyse the definitions 
and interpretations that can be found in literature, the most common of them are 
cited and described in the next part of this paper. 

1. Definitions of the operational potential  

During theirs research [1], [2] authors introduce the term “operation 
resource”. This term they use to define the operation phase as a sequence of 
stochastic events which express the operation position of the technical object and 
changes of this position or as a controlled stochastic process of the operation 
resource consumption in a range (1). 

 KP ZUZUZU ≥≥  (1) 

where:  ZU – operation resource of the object, ZUP – initial value of the 
operation resource, ZUK – final value of the operation resource. 

In the cited definition the operation resource is interpreted as the ability to 
accomplishing the utilitarian work according to design. The operation resource is 
composed into system during valuation, designing and production phases and 
extracted in the operation phase [3]. On the basis of the definition it is possible 
to conclude that exhaustion of the operation resource is equivalent to termination 
of the operation phase of the technical object. 

In [4] the author introduces terms “operational potential” and “service 
potential” of the technical object. The operational potential is a feature of the 
object, which characterizes the resource of the object operation potentiality. The 
operational potential is expressed in the same units as the effects of the object 
operation (e.g. mass, volume, value). Whereas the service potential is the 
technical object’s feature which characterizes the resource of the needs of the 
object handling if its’ operational potential have to be restored. The service 
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potential is expressed using the handling expenditures (e.g. amount and kind of 
service activities, service duration, service costs). 

It should be noticed that, according to the presented above definition, the 
operational potential is expressed in the same units as the effects of the object 
functioning and a constant efficiency of the transformation of the operation 
potential in the effect of the system work is assumed. 

Similarly, in [5] the author defines operational potential as a measure of the 
machine ability to operating [6] with defined effectiveness, and the ability 
ensuring potential as a measure of needs in the field of service and renewal 
activity. However, both of these potentials are interpreted as two kinds of the 
maintenance potential. The maintenance potential is defined as an important 
feature of the system, which characterizes its operation position. It deserves 
attention that the maintenance potential is closely related to the operation 
position of the machine. From concerned definition directly results that the 
amount of the operational potential is closely related to ability or inability state 
of the machine. 

In the definitions analyzed above the discrepancies in naming the potential 
called service or ability ensuring one can be noticed. But the main objective of 
the service activity of the technical object is the restoration or maintaining the 
ability state of it. So, this goal is convergent with the definition of the ability 
ensuring process which describes it as an action carried in order to hold ability 
of the technical system or in case of the system inability in order to restore 
ability state [7]. On the basis of presented analysis it was stated that in the cited 
definitions the same feature of the technical system is considered. 

In [8] the author also introduces the term “maintenance potential” but he 
defines it in a different way. The maintenance potential of the technical object is 
interpreted as a stochastic variable which describe its work, which can be done 
from the beginning of the operation phase or from the moment of the object’s 
state assessment since the moment when the object reaches the boundary state. 
There are distinguished two kinds of the potential: the maintenance potential to 
the next renovation or main overhaul and the maintenance potential to the 
system destruction. So, the maintenance potential is identified as the operational 
potential. The most important element of this definition is the distinction of 
operational potential to the next renovation and operational potential to the 
system destruction. 

In [9], [10] the author introduces the term “maintenance potential”. The 
change of the maintenance potential results from the technical objects operation. 
Two kinds of the potential are distinguished: the used potential and restored one. 
During operation tasks execution the operation system of the technical object 
consumes the maintenance potential. The amount of used potential depends on a 
type of operation tasks, environment conditions, operation positions of the object 
and skill of operation staff. The wear process is related to the physical processes 
of mass and energy transformation, which run during the technical system 
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operation. The amount of the maintenance potential is restored by service 
system. During the technical object operation the spontaneous consumption of 
maintenance potential takes place. The rate of this consumption is related to the 
object operation and conditions in which the object operates and increases with 
time. 

Whereas, the considerations on technical objects maintenance in [11] and 
[12] are curried out based on a term „operation resource”. In this case it is stated 
that during operation phase takes place intentional action where the technical 
object is the object of the action. The result of this action is the change of the 
operation resource amount. The change consists in the operation resource 
consumption or the reconstruction of it. 

In [13] the author defines the maintenance potential as a feature, which 
describes the reserve of the object ability to tasks execution. The amount of the 
maintenance potential of the object is the objective value which is built-in the 
object during design and construction processes. This value depends on the 
technical state of the object’s elements [14]. During the operation process the 
gradual loss of the potential takes place. Renovations regenerate the maintenance 
potential and service activities decrease the intensity of its consumption. It is 
assumed that the maintenance potential of the object is the resultant of the 
maintenance potential of its elements and the specified type of running, mean or 
major repair is the renovation of specified component or specified components 
of the maintenance potential of this technical object. Analyzing the changes of 
the maintenance potential, two types of this potential are distinguished: the 
potential consumed in the operation system and the potential restored in service 
system.   

Sometimes the operational potential is treated as the durability. But the 
operational potential can be defined as a measure of the machine ability to 
operating with defined effectiveness [5] and durability is defined as the ability of 
the technical system to conservation of its features [15]. So, the durability is 
rather correlated with the rate of the operational potential consumption then with 
the amount of this potential. It means that the durability is inversely proportional 
to the time derivative of the operational potential consumption function not to 
the operational potential amount. Additionally, when the durability is assumed 
as the only parameter, which characterizes the rate of the operational potential 
consumption during the operating processes then the influence of environmental, 
conditions and control stimulations are not taken into consideration.  

In contrast, in [7] the operational potential is treated as a functional of the 
technical object potential ability to achieve specified effects in the defined time 
interval. Its amount depends on the features of the device, the operational 
conditions and control stimulations. Very significant element of this definition is 
the connection of the amount of the operational potential included in a technical 
system with the effects of the system operation.  
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Detailed theory, which defines the operational potential in connection with 
the effect of a technical system operation, is presented in [16]. The theory 
introduces the term potentiality, which is defined as instantaneous ability of the 
technical system to accomplish the operation or maintenance task. Analogically, 
the effectiveness is defined as instantaneous measure of the system functioning 
results. The operational potential is the functional of potentiality and the 
duration of the system functioning (the integral of potentiality in a period of 
time) [17]. So, it is the range measure of the system maintenance possibility. 
Whereas, the effect is the functional of the effectiveness and the duration of the 
system functioning (the integral of effectiveness in a period of time). So, it is the 
range measure of the results of the system functioning. In case of operation tasks 
the theory considers the operational potential and the effect of the system 
operation, while in case of service tasks the service potential and the effect of 
service activities is considered. According to the theory, the potential included in 
the technical system is transformed into the effect of the system functioning 
during the execution of the operation and maintenance tasks. The amount of this 
potential should be bigger than the demanded amount of the effect. If this 
condition is not satisfied then the system is unable to perform the specified task 
and has to be renovated. It should be noticed that the operational potential is 
interpreted here in relation to the time between overhauls, not like in case of the 
definitions mentioned earlier where this potential was interpreted in relation to 
operation life of the system.     

Presented above definitions have some similarities but also same differences 
can be found. According to all of the theories, the operational potential of the 
system is located in it during the designing and production phases. Next, during 
the maintenance and operation phase of the system the potential is extracted 
from it. At the beginning of the maintenance and operation phase, the system 
includes the initial amount of the potential. During the operation of the system, 
because of wearing factors influence, the initial amount decreases until the 
boundary value [18]. When the amount of the potential is equal to its boundary 
value, further operation is impossible. So, the service activities are performed to 
increase the amount of the operational potential in order to make possible the 
next operation tasks execution. At the end of the operation and maintenance 
phase the amount of the operational potential is very low and the system is 
designated to liquidation.    

However, according to presented definitions, the system is in ability state 
when the amount of the operational potential enclosed in it is big enough to 
accomplished operation task. Otherwise, it is in inability state. But, when we 
consider the operation position of the system at the beginning of the operation 
and maintenance phase and at the end of it, the positions seems to be different. 
So, the amount of the operational potential included in the system at the 
beginning of the operation and maintenance phase is bigger than the value at the 
end of the operation and maintenance phase. Simultaneously, the system can be 
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in inability state at the beginning of the operation phase and in the ability state at 
the end of it. Then, from one point of view the amount of the operational 
potential is bigger in the first situation, and from the other point of view in the 
second one. 

As a solution of definitional and interpretational ambiguity, a new 
description of the operational potential was proposed. This new idea is presented 
below. 

2. Operational potential expressed in the features’ space of a system 

If a set of cardinal features comprise only physical features then the state of 
the system, expressed in the defined space, is called the physical state of the 
system [19]. If the characteristic values and ranges of these features are defined 
in the context of the system ability to realise the aims of its operation, in the 
features’ space the fields of reliability are obtained [20]. So, the reliability states 
of the system are determined in the features’ space where points represent the 
technical states of the system. This space will be called the space of the technical 
states of the system [21]. 

During the studies, the technical states’ space of the crucial, complex 
operational system was taken into consideration. The technical states’ space of 
such system is strictly determined one. The real operation position of the system 
sR is expressed as a point of this space. The coordinates of the point are equal to 
instantaneous values of the cardinal features of the system (Fig. 1). 

 
Fig. 1.  Operational potential Pu  included in a system in sR state expressed in its technical states’ 

space R2, SNZ – the inability states’ subspace, SZ – the ability states’ subspace 
 
The amount of the operational potential included in the system is a function 

of the operation position of it. So, it was stated that the operational potential 
included in the system is expressed in the space in a form of a vector. The 
starting point of this vector is the origin of the coordinates system and the end 
point of it is the point of the real operation position of the system sR. The amount 
of the operational potential included in the system can be calculated as a length 
of the vector (Fig. 1).  
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Definition 1:  The amount of the operational potential included in the 
system in a state sR is the length of a vector between the origin of the coordinates 
system and the point of the system operation position.   

The technical states’ space of the system is the Cartesian one [22] so, the 
considered length is calculated in the Euclidean metrics [23], [24] according to 
the formula (2) 

 ∑
=

=
n

i
iRR xsPu

1

2)()(  (2) 

where: Pu (sR)  –  the amount of the operational potential included in the system 
in a state sR, xiR –  the value of a feature no. i  of the real operation 
position of the system sR. 

 

In a strictly determined technical states’ space, the point of the operation 
position of the system can belong to the ability states’ subspace SZ or to the 
inability states’ subspace SNZ. The inability states’ subspace consists of the 
technical states’ space points, which express the operation position of the system 
in which the system is unable to accomplish the demanded functions [25]. 
Assuming the amount of the operational potential Pugr included in the system in 
a boundary state as the lowest value for each the system operation is safe [26] it 
was stated that for each point of the inability states’ subspace the amount of the 
operational potential included in the system is lower than  Pugr value. Thus, the 
inability states’ subspace is the unclosed one. Therefore, the ability states’ 
subspace is closed from the side of the inability states’ subspace, where the 
closed subspace is defined as a field with its boundary [27]. From the 
characteristic of the unclosed fields arise that the limit of the inability states’ 
subspace is the set of the points belonging to the boundary of the ability states’ 
subspace [28]. These points are the expression of the boundary states of the 
system sgr. 

The vector between a point which fulfils the condition (3), what means that 
the point belongs to the boundary [29] of the ability states’ subspace, and the 
point of the real operation position of the system is interpreted as an operational 
potential which can be transformed to the effect of the system operation, 
included in the system in a moment t.  

 εε <−∉∃>∀∧∈ xxXxXxs iZDiZDBNZD :0:  (3) 

where: BNZDs  –  the operation position of the system expressed by the point, 

which belongs to the boundary of the ability states’ subspace, XZD – the 
range of unacceptable values of the system feature. 

The length of this vector is equal to the amount of the operational potential, 
which can be transformed to the effect of the system operation, included in it in 
a moment t (Fig. 2). This amount was defined as the disposed amount of the 
operational potential.  
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Fig. 2.  Operational potential that can be transformed to the effect of the operation Puδ  included 

in a system in sR state expressed in its technical states’ space R2 

 
Definition 2: The disposed amount of the operational potential of the 

system is the amount, which can be transformed to the effect of the system 
operation, included in it in the specified moment t.  

The concerned length is an Euclidian distance and can be calculated 
according to the following formula (4) 
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where: Puδ  – the disposed amount of the operational potential, iRx  –   the value 

of a feature no. i  of the real operation position of the system, BNZDix  –

the value of a feature no. i  of the operation position of the system 
expressed by a point, which belongs to the boundary of the ability states 
subspace. 

Because this length is an Euclidian distance it is always not negative value 
[30]. Therefore, it can be treated as the disposed amount of the operational 
potential only for points, which belongs to the ability states’ subspace. Thus, the 
disposed amount of the operational potential was finally defined in the following 
form (5) 
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where: SNZ – the inability states’ subspace, SZ – the ability states’ subspace. 
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Analyzing the expression (5) presented above, it was stated that the 
disposed amount of the operational potential is depended on a point of the 
boundary of the ability states’ subspace, which is taken into calculations (Fig. 3).  

 

 
 

Fig. 3.  Operational potential which can be transformed to the effect of the operation 
1Puδ , �

2Puδ  

depended on the specified point of the boundary of the ability states subspace expressed in 
the system technical states space R2 

 
The definition of the operational potential and its disposed amount 

expressed in the space of the system features is formulated in the quantitative 
way. So, thanks to the definition implementation, it is possible to figure out if 
the disposed amount of the operational potential is big enough to execute 
specified operational task. 

On the basis of the presented description it was stated that during the 
operating processes execution the values of the system features are changed. 
Therefore, the disposed amount of the operational potential of the system 
decreases. In the moment when the point of the system state reach the position 
on the border of the ability states’ subspace, the system is designated to 
renovation. During the renovation process the values of the system features are 
restored, so the disposed amount of the operational potential of the system 
increases. However, if not all the system features belong to the renewable 
features set, then despite the performed service processes, during the operation 
and maintenance phase, the point of the system state moves along the trajectory 
which bring it closer and closer to the border of the inability states’ subspace. 

In spite of the fact that during the renewable processes the disposed amount 
of the operational potential is increased, its absolute value (defined in the 
relation to the origin of the coordinates system) decreasing. So, thanks to the 
presented above theory, the inconsistencies pointed during the analysis of the 
operational potential definitions are solved. 
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3. Analysis of the operational potential of the industrial technical system 

During the curried out industrial research, the operational system of the OP-
650k-040 power boiler was analyzed. According to the one of the most 
important operation objective of this system, the operation process should be 
executed with the efficiency as high as possible and the life-time of boiler 
elements should be optimal [31]. Because of a complex construction of the 
boiler and multidimensional connections between its elements it is hard to 
express in quantitative way mentioned above operation objectives. To solve this 
problem, the operation objectives were expressed in the following form: 
− the minimum disposed amount of the operational potential of the system in 

each moment of the operation process should be greater than zero,  
− the amount of the operational potential of the system in the moment when the 

system is designated to renovation should be minimum. 
Next, it was stated that the operating position of the boiler is determined by 

values of the features that define its technical states’ space. These features 
determine the quality of the system operation too. Therefore, the former 
considerations curried out to identify cardinal features of the system, were limited 
to the set of the deviations calculated in the Technical Operation Control method 
(TKE) [32]. This method is used to control the quality of the operation process of 
the power units. In the method, the deviations from the nominal value of the 
amount of the heat consumed in the process of 1kWh electrical energy production 
are calculated. As a result of the identification process, four deviations were 
chosen as cardinal features – the dimensions of the technical states’ space of the 
analyzed boiler. These deviations are presented in the following list: 
− q3 – the deviation which occurs as a result of  the reduced temperature of 

the reheated steam,     
− q4 – the deviation which occurs as a result of  the pressure loses in the 

secondary reheater of the steam,  
− q5 – the deviation which occurs as a result of  the injections of water to the 

secondary reheated steam,  
− q8 – the deviation, which occurs as a result of  the reduced efficiency of the 

boiler operation.  
Additionally, it was stated that, as far as operating position of the system is 

concerned, in case of distinguished features the range of accepted values is equal 
to the range of suboptimal ones. It means that the features are strictly 
determined.  

On the basis of the measurements registered during industrial research, the 
values of the chosen deviations were calculated. Afterwards, implementing 
polynomial approximation, the time functions of each deviation were 
formulated. Next, the derivative of each function was calculated. The sign of 
each derivative is positive what means that functions are increasing in the 
analyzed domains. It confirms assumption that the values of the cardinal features 
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of the system that determine its technical states’ space, should change in the 
monotonic way during the operation process.  For each function its minimum 
and maximum values were also calculated. On this basis it was confirmed that 
execution of the service processes decreases the values of the deviations. This 
means that all chosen cardinal features of the system are renovated during the 
service processes.      

In the next step of the studies, the ability and inability states’ subspaces 
were defined. These subspaces were defined in the space of the system features 
and were limited by the boundary values of them. In case of the analyzed system 
the features’ space is described by the deviations q3, q4, q5, q8.  Their boundary 
values were identified during the industrial research as the biggest values, which 
occur at the end of the power unit operation periods just before designation the 
unit to renovation and are equal respectively to the following values 16.8873, 
41.1034, 131.9413, 398.9218 [kJ/kWh]. These values are interpreted as the 
biggest values for which the risk of the inability state occurrence is equal to 0%.   

For the specified technical state of the system, the minimum disposed value 
of its operational potential is obtained calculating the distances between the 
system operating point and the boundary lines of the system ability states’ 
subspace and choosing minimum one. Thus, the operating objective which 
consider the optimal life-time of the boiler elements for the analyzed system was 
formulated as follows (6): 

 

 
0)9218.3988,9413.1315
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where: qnR  – the value of the deviation no. n for the system operating point. 

As it was mentioned above, all the cardinal features, which define the 
technical states’ space of the analyzed boiler, are renovated during the executed 
service processes. So, the disposed amount of the operational potential is equal to 
the distance between the operating point of the system at the end of the operation 
process and the point whose coordinates are equal to the boundary values of the 
cardinal features of the system. Therefore, the operating objective, which 
considers minimization of the amount of the operational potential not transformed 
into the effect of the system operation, is expressed in the following form (7): 
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where: kqn  – the value of the deviation no. n at the end of the operating process 

[kJ/kWh]. 
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Summary 

Summarizing the issues presented in the publication it was stated that: 
1. The operation ability of the technical system is described in the literature as 

an operational potential or an operational resource, defined in the 
qualitative way and differently interpreted. Therefore it is not possible to 
apply these definitions to control the operating and maintenance processes 
in the efficient way without advanced mathematical tools implementation. 

2. The amount of the operational potential included in the system is equal to 
the length of the vector between the origin of the coordinates system of the 
technical states’ space and the point of the operating position of the system, 
while the amount of the operational potential which can be transformed into 
the effect of the system operation is equal to the length of the vector 
between the one of the points of the border of the ability states’ subspace 
and the point of the operating position of the system. 

3. Applying in the modelling process the definition of the operational potential 
in the space of the system features it is possible to formulate the operational 
objectives of the complex technical system as the algebraic expressions. 

4. Thanks to the algebraic form of the operational objectives it is possible to 
automate the control of the operating and maintenance of the complex 
technical system. 
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Potencjał użytkowy złożonego systemu technicznego  

Słowa kluczowe  

Sterowanie eksploatacją, złożone systemy techniczne, potencjał użytkowy. 

Streszczenie 

Podczas fazy eksploatacji następuje zmiana zdolności systemu do funkcjo-
nowania od wartości maksymalnej do wartości granicznej. Zdolność tę określa 
się jako potencjał użytkowy. Ilość potencjału użytkowego zawartego w systemie 
technicznym jest podstawową charakterystyką określającą możliwość i opłacal-
ność jego eksploatacji. Analiza ilościowa tej charakterystyki powinna być źró-
dłem informacji wykorzystywanych w sterowaniu eksploatacją złożonych sys-
temów technicznych. Niestety definicje potencjału użytkowego są formułowane 
w większości na bazie opisu jakościowego. Jednocześnie ich interpretacja 
u różnych autorów jest odmienna. W pracy przedstawiono definicje potencjału 
użytkowego spotykane w literaturze, omawiając ich interpretację oraz występu-
jące rozbieżności. Następnie zaproponowano nową definicję potencjału użytko-
wego wyrażonego w przestrzeni cech systemu oraz podano sposób jej zastoso-
wania do wyliczenia ilości potencjału użytkowego zawartego w złożonym sys-
temie technicznym. W opracowaniu przeprowadzono również analizę ilości 
potencjału użytkowego zawartego w rzeczywistym systemie technicznym przy 
zastosowaniu opisanej teorii.  

 
  


