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Abstract
Through the application of the authors’ mathematical model developed for early detection and
prevention of failures in technical systems a need has arisen to create software that will ease the
usage of the model. The development procedure of the mathematical model for early detection
and prevention of technical systems failures is not of interest for its application, and the application is, due to its complexity, rather difficult for the final user. Because of this, the aim is to make
such software that will take into account all factors of the mathematical model for early detection
and prevention of failures in technical systems enabling the user a simple calculation of the optimal moment of diagnostics of the state. Therefore, the starting data herein would be the final formula of the developed mathematical model, and the software user should know only the input
data for his system. The output data for the user would be the optimal moment of diagnostics of
the state of the technical system. This software would be applicable in most technical systems,
but this paper gives an example of its usage in printing presses.
Keywords: mathematical models, software, early detection and prevention failure,
technical diagnostics.

Introduction
There are technical systems in which the occurrence of failure must be prevented, such as aviation, military and other industries, where the appearance of failure brings risk to the people lives
and goods (Bengtsson, 2002). To prevent a failure, it is necessary to find an alternative solution.
In other words, it is needed either to provide the replacement for the defective part that is activated at the moment of failure of the
original one, or to predict the moment of
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The aim of the paper is to determine
when is the optimal moment to perform
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the state diagnosis process of the technical system and in this manner to obtain a time picture of
possibilities of failure occurrence on a technical system parts. Since the diagnosis requires certain
costs, the optimal moment of the diagnosis process regarding the costs decrease is also determined here. In this way it can be detected in which moments during operation of technical systems a failure can occur, and how to react to prevent the failure. All this is done so that the costs
will be minimized, too.
The authors developed the model SAV-TT05B, which enables the determination of the optimal
moment of state diagnosis of the observed technical system part knowing the distribution law of
the part operation until the moment of failure (Powell, 2002). It is also necessary to know the expenses of the state diagnosis process and the expenses of the lost production if the failure is not
detected at the right moment. Diagnosis at the right time can predict the possibility of a failure
and thus affect its prevention. The final expression for determining the optimal moment of state
diagnosis according to the model SAV-TT05B, in case of normal distribution of failure is (Authors, 2005):
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In the previous expression there are the quantities:
tk - k-th optimal moment to perform status diagnosis of a machine part, where k=1,2,3,...n,
Ci - the costs of diagnosis process of the machine part state,
Co - costs of lost production due to the failure of the machine part,
σ - standard deviation,
m - mean operation time and
t - moment of failure occurrence.
It is seen from the previous text that the application of the developed model requires knowledge
of mathematical functions in a high degree. Hence, the goal of this paper is imposed, i.e. to facilitate the implementation of the model, and that is possible by development of the software package. In this software package the user, i.e. the maintainer who wants to apply the developed
model does not need to know the mathematical functions used in the previous expression, but
should just enter the required information in certain fields and then by pressing the appropriate
button he obtains the optimal moments when to perform diagnosis process for the given part or
the system.

Development of Software for the Model Application
The software has been developed using Macromedia Flash Professional 8. After setting up a
graphical environment, the program has been written based on the model. Thereafter object linking and the program activation have been performed what is shown in the Figure 1.
Finally, after performing all the activities and tests, the executable program that is shown in Figure 2 has been obtained.
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Figure 1. A program page and objects linking in the software package

Figure 2. User interface look of the developed software package for determination of the
optimal moment of system part state diagnosis
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Figure 2 shows that there are four windows in the developed software package, such as: the distribution type, the data entry, the table review of the obtained results and the graphical representation of the results.
Observing the first window one can see that the goal is to develop software for three most common types of distribution: normal, exponential and Weibull distribution. Depending on the established distribution of the observed element the distribution type is selected in the field “type of
distribution”. When the software is developed for normal distribution, the environment shown in
Figure 2 is obtained.
The second window is used for data entry. In the field “number of iterations” an approximate
number of state diagnoses is entered, usually higher than necessary. If such a number of diagnoses is not needed, then the software will remove the excessive ones, what will be seen from interpretation of the results obtained.
In the program it is necessary to determine the unknown tk+1, and it is in fact the next moment of
diagnosis, or rather the optimal moment of state diagnosis which is calculated. The moment tk-1 is
taken to be equal to 0, when the first moment of state diagnosis is determined because no state
diagnosis is performed until that moment. Furthermore, to determine the first moment of state
diagnosis, the tk is taken to be equal to the moment when a failure occurred for the first time on
the observed part.

Application of the Software for Optimal Moment of State
Diagnostics Determination
To test the model gear failures on the package printing machine (flexographic printing machine)
were observed (Bjelica, 2005; Jardine, 1999), as shown in Table 1.
Table 1: Moments of gear failure occurrences
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4530

12555

19956

24960

28541

33584

42154

54991

6570

13456

20521

25047

29021

34564

44589

58574

7250

15011

22035

25684

29874

35541

45025

9211

15298

23545

26581

31254

36732

46058

10521

16521

24547

26965

31599

37852

47052

11259

19021

24958

27548

32588

39584

50147

By processing the data and testing the hypothesis of normal distribution (Dovich, 1990), the
input data for the program have been obtained: tk-1=0, tk=4.500 hours, m=27.792 i σ=13.428
hours and costs Ci=100 m.u, Co=50 m.u (m.u. – money unit).
By entering these values into the program and assuming the number of iterations 30, and then
activating the program, the values of optimal moments for diagnosis of the state appear in the
window „table review of the results obtained“ in the column tk+1, as shown in figure 3. Also, in
the field „graphical review of the results obtained“ in the same figure optimal moments of
diagnostics of the state of the flexographic machine gears have been shown in the form of time
axis.
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Figure 3: The program overview and its application for optimal moment of diagnostics
Thorough state diagnosis moments calculated according to the model developed SAV-TT05B,
after application of the program have been given in Figure 4.
The table also shows the parameters used to calculate the optimal moment of state diagnosis tk+1.
Figure 4 shows that the last two moments of diagnosis are outside the time range. The last four
moments of state diagnosis do not have practical application, because the last gear failed after
58,574 hours of work. Hence, it is necessary to reduce the assumed number of the iterations required by six. One can see that 24 state diagnostics of the gears observed are needed in the intervals obtained (column tk+1).
What is important to verify the correctness of the software developed is the result match for the
optimal moments of diagnostics in Figure 4 with the of the failure occurrence layout for the gears
of the given machine. So calculation of the optimal moments of state diagnostics of this element
shows that state diagnoses are most frequent around the mean operation time until failure occurrence, while before and after that time the number of diagnoses decreases (Figure 5).
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Figure 4: Optimal moments of performing diagnostic tests of state of flexographic printing
machine gears obtained with the help of the software package and based on the developed
model SAV-TTO5B
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Figure 5: Graphical overview of moments of state diagnostics of the flexographic printing
machine gears calculated according to the model developed
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Here is also obvious that the optimal moments of state diagnostics obtained with the help of this
software package behave in accordance with expectations for normal distribution. So it can be
seen that the state diagnoses are more frequent around the mean operation time, while the number
of diagnoses decreases as it moves away from that time. Therefore it can be concluded that the
developed software package is suitable for determining optimal moment of state diagnosis for
those parts that have normal failure distribution law provided that the model SAV-TT05B is used
to determine the optimal moment. Application of the developed software on other machines subjected to normal failure distribution confirms correctness of the software in similar way.

Conclusion
Based on the above, it is seen that it is possible to develop software that implements the model
SAV-TT05B to determine optimal moment of state diagnosis by minimizing total costs depending on time. The developed software package gives optimal moments of state diagnosis of the
elements observed. Thus a failure can be predicted and prevented before it is too late. Application
of the model is quite simplified with a help of the software, because a user does not have to deal
with complex mathematical operations for determination of optimal moment of state diagnosis
but only to enter certain input data into the program. Thereafter by pressing a single button optimal moments of state diagnosis of the elements observed are obtained without getting involved
into the model structure and the program functioning. By application of the software and the
model developed, number of failures and maintenance costs would be reduced to a great extent,
that would contribute to production improvement.
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