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Abstract

The using processes are carried out on a machine during its exploitation phase. It decreases an operational
potential value. Because of this it is necessary to carry out the maintenance processes. When the maintenance
processes are executed as an exchange of elements, not exploited operational potential increases the costs of the
exploitation process of a machine. In case of real industrial objects there is defined value of availability, which should
be kept. Then the highest value of the exploited operational potential assures an implementation of a maintenance
strategy according to the machine operational condition. In the paper, the idea of an implementation of the mentioned
above strategy is presented. The implementation is based on measured values of the exploitation parameters.

An estimation of an operational potential consumption and a fuzzy estimation of the exploitation potential
consumption are an object of the paper. Implementation of the fuzzy logic theory could be good solution of the
problems, which can be meet during the estimation process of the operational potential consumption on base of the
exploitation parameters course of the machine.
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1. Course of exploitation potential consumption

The processes of an exploitation phase of a machine could be divided into two groups. Controlled
and not controlled ones [1]. From the exploitation potential point of view the using and the
maintenance processes are the most significant parts of controlled processes [2]. Using processes
decrease operational potential of a machine. It could be consider as moving the operational
condition of a machine to the area of increased intensity of damage. To increase the value of
operational potential the maintenance processes are carried out. The maintenance processes could
be executed in form of modernization, repair or exchange of the elements. The maintenance costs
increase the costs of the exploitation phase of the machine. Additionally, the maintenance time
decrease the operation time of the machine. For this reason, the main objective of the exploitation
strategy is to extend the overhauling period. Decreasing the frequency of the repairs increases the
value of the operational potential consumption. It could lead to the damage of a machine. In case
of the systems where a failure appearance is connected with health or live hazard a preventive
maintenance strategy is implemented. This strategy enables to reach the highest value of the
reliability factor of the machine. Unfortunately, the implementation of such strategy is a reason of
increasing the value of not used operational potential of exchanged elements what affects stream
of losses. Higher losses increase the costs of the exploitation phase of the machine life. The best
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exploitation strategy should organize using and maintenance processes to assure the highest value
of used operational potential.

The operational potential is unambiguously characterized by values of the features of an object. If
the features of the object are interpreted as the state variables they describe condition of the
machine. Thus, the operational potential is described by condition of the machine. That’s why,
implementation of the exploitation strategy according to the condition of the machine assures he
highest level of used operational potential. Simultaneously, continuous control of the machine
condition decreases the probability of the failure appearance.

Currently, the different diagnostic methods are used to monitor the condition of the machine on the
base of its features. Only the real time measurements ensure the proper standard of the exploitation
security. So, it is necessary to have the measurement devices installed on the object which could
collect values of the machine features on-line. Unfortunately, in many cases there are not on-line
diagnostic measurements on real industrial objects. The main reasons of that is high cost of
measurement devices and technical problems.

2. Estimation of an operational potential consumption

In most cases of the complex industrial processes, on the object there are measuring instruments
which collect on-line the values of exploitation parameters of a machine. These parameters are
necessary to drive using processes in an optimal way [3]. The parameters contain information
about the exploitation process course, so the estimation process of operational condition of the
machine for the chosen moment can be base on them.

The operational potential for a chosen moment could be defined according to formula (1).

P.(S,)=P,(S,)- AP, (cz,)= AP, (cz.), (1)
where: So - initial condition of the machine,
S1 - final condition of the machine,
Py - operational potential value,
czr - wear factors dependent on machine operation,
czz - wear factors independent from machine operation,

APy - change of the operational potential value of the machine.

The operational potential value depends on the initial condition of the machine and course of wear
factors. Wear factors can be dependent or independent from the operation of the machine.

The initial condition of the machine depends on the course of production phase and preusing
processes. At the end of the production phase an operational condition of the device is defined
randomly by manufacturer’s quality control. But the influence of preusing processes on
operational condition of the machine is not monitored usually. Therefore, the initial operational
condition of the machine is determined approximately.

The most of exploitation phase wear factors are included in the exploitation parameters set.
Therefore, they are recorded in real time. Unfortunately, in many cases, the accurate model of
influence of wear factors on the operational potential consumption is unknown [4].

All elements described above are difficulties of estimation process of the operational potential
consumption based on the course of the machine’s exploitation parameters.
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3. Fuzzy estimation of the exploitation potential consumption

According to the presented theory, the estimation process of the operational potential consumption
is based on machine’s initial operational condition, the course of wear factors and they influence
on considered issue.

How it was proven above, initial condition of machine is determined approximately.
Simultaneously, the operation condition of the object is described by the values of the object
features. So, if they are expressed in the form of A fuzzy sets (2)

0 dlax<lrsvx>rrs

FS, (x) = ﬁ dals <x<lk )
X dlalrk < x <rrs
rrs —Irk

where: FS, (x)- member function of A fuzzy set,

Irk - the lowest value of the fuzzy set kernel,
Irs - the lowest value of the fuzzy set support,
rrs - the biggest value of the fuzzy set support.

the operation condition of the machine will be result of a relation of multidimensional extensions
of two-dimensional fuzzy sets (3).

ce(FS;; X, xX,x--xX,) :J-XXXZX...X;( s (X)) (X, Xy, X,)

ce(FSy; X, x X, x--xX,)= IXI Hps, (X)) [(X(, Xy, X)) ,

XXX x X,

)

ce(FS ; X, xX,x---xX)) :J-Xlx)(zxmx)( U (X)) (X, X, 0, X,)

where: ce(FS;; X, x X, x---x X ) n-dimensional extension of the fuzzy set no 1.

Thanks to the fuzzy set theory implementation, in the model the approximate character of the of
the machine’s initial condition description is taken into consideration.

In spite of the real time exploitation parameters recording, the inaccuracy occurs also in this area.
This uncertainty is related to the description of a wear factor course. It results from finite accuracy
of the measurements, inaccuracy of a recording process to database and poor measurements
quality.

The inaccuracy of a recording process results from its digital character. The values of a
continuous course of the wear factors are stored into database once a defined period of time. So, it
is possible to retrieve from database only approximate value of chosen parameter for the past time.
Moreover, the measured values are disrupted because of the failures of the measuring devices.
This is the next reason of exploitation parameters fuzzification.

Inaccuracy of the wear factors values could be modelled by /7 and A type fuzzy sets depending on
the measure characteristic [5].

To implement the method of operational potential consumption estimation on base of the

exploitation parameters course, it is necessary to know the mathematical model of the influence of
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the wear factors on the consumption process. If the model is not known, thanks to the on-line
exploitation parameters storing process, it is possible to create fuzzy model of the consumption
process based on the parameters course. Such solution could be implemented when the
mathematical model is not known or it’s response time is to long [6]. The basis of the fuzzy model
generation process is a learning set consisted of the inputs-output samples [7]. In considered issue
the values of the exploitation parameters acts as inputs and the value of the remaining operational
potential becomes an output. The amount of the remaining operational potential is the function of
the exploitation system features so it could be defined by the measurement of the features values.
The fuzzy models generated on base of the input-output samples are quite accurate. For example
the value of a mean square error could equal 0.07% [8].

To sum up we can say that the implementation of the fuzzy logic theory could be good solution to
the problems, which can be met during the estimation process of the operational potential
consumption on base of the exploitation parameters course of the machine.

4. Conclusions

On the basis of the presented above analysis it is possible to formulate the following conclusions:

- remaining operational potential of exchanged elements increase the value of the stream of
losses,

- operational potential is unambiguously characterized by the values of the features of an
object,

- exploitation parameters contain the information about exploitation process course, so they
can be base of the estimation process of the condition of the machine for the chosen
moment,

- implementation of the fuzzy logic theory could be good solution of the problems, which
can be meet during the estimation process of the operational potential consumption on base
of the exploitation parameters course of the machine.
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