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RELIABILITY MODEL USER INTERFACE

Complex technical objects in modern society are extremely important. Such objects belong to the class
of recoverable objects of long-term multiple uses. They tend to be expensive and require significant
maintenance costs. To ensure the required level of reliability during their operation, maintenance is usually
carried out, the essence of which is the timely preventive replacement of elements that are in a pre-failure
state.

The problem is that when developing such facilities, all issues related to maintainability and
maintenance should be addressed already at the early stages of designing the facility. If you do not provide
in advance the necessary hardware and software for integrated monitoring of the technical condition (TC)
of the object, do not develop and “embed” the maintenance technology into the object, then it will not be
possible to realize in the future a possible gain in the reliability of object due to maintenance. Since all these
issues must be resolved at the stage of creating an object (when the object does not yet exist), mathematical
models of the maintenance process are needed, with the help of which it would be possible to calculate the
possible gain in the level of reliability of object due to maintenance, to estimate the cost costs required for
this. Then, based on such calculations, make a decision on the need for maintenance for this type of objects
and, if such a decision is made, develop the structure of the maintenance system, choose the most
appropriate maintenance strategy, and determine its optimal parameters.

Key words: maintenance, coefficient of variation, object reliability, components.

Introduction. Under complex technical objects refers to objects consisting of a large number
of different types of elements (tens, hundreds of thousands), each of which can be a rather complex
technical device. Elements can be electronic, mechanical, electromechanical, hydraulic, etc. The
heterogeneity of the elements leads to the fact that different elements are characterized by
fundamentally different physical processes (and, consequently, speed) degradation, leading to their
failure.

The objects under consideration belong to the class of objects to be repaired for long-term
repeated use, and during their operation, maintenance is usually provided to maintain the required
level of reliability. By maintenance (MS) is meant “a complex of operations or an operation to
maintain the health or performance of an object when used for its intended purpose, simple, stored
and transported” [1,2]. Further, only MS will be considered when used as intended.

During operation, an object at any time can be in one of the following states: serviceable,
workable, inoperable.

The object can be used for its intended purpose only in good or healthy condition. Restoration
of a working or working condition is made at the expense of current repair. MS, as a rule, is carried
out only when the object is in working condition. If by the moment of the start of the maintenance
(or in the maintenance process) there is a complete failure, then at the beginning the object is restored,
and then the maintenance is performed.

The essence of the MS is to prevent some part of the failures due to the replacement of
individual elements, cleaning, lubrication, adjustment, etc. (therefore, MS is often called prevention).
In modern technical objects, in the overwhelming number of cases, maintenance is reduced to the
replacement of elements (liquids, oils, etc.) that are in a pre-order condition.

Analysis of recent research. Currently, there is a decline in the number of scientific
publications devoted to the issues of maintenance of complex technical objects. One of the reasons
for this, in our opinion, is a sharp increase in the level of integration and reliability of components.
Thanks to this, the developers of sophisticated equipment were able to solve the problems of ensuring
the required level of reliability without significant maintenance costs (or no maintenance at all).
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However, the same reason (high integration and reliability of component elements) opened up the
possibility of implementing more and more sophisticated equipment with new functions, which was
not possible with the old element base. This again leads objectively to the problems of ensuring
reliability and, therefore, the question of the need for maintenance and the choice of the optimal
strategy for its implementation becomes again relevant.

Unfortunately, the currently known mathematical models and methods for calculating the
optimal parameters of the maintenance processes are not very suitable for application to real technical
objects. The main disadvantage of these models is that they either do not take into account the
complex structure of the object, or it is possible to take into account only some of the simplest
structures [3,4]. In [5,6], a comparative analysis of the problems arising in solving problems of
maintenance “by resource” and “by state” was made. An overview of the latest at that time work in
the field of maintenance and repair of complex systems. In [7], a theoretical generalization of the
well-known mathematical models of MS processes was made. However, these models do not allow
to build on their basis suitable for practical use of the methodology.

Main part. With the help of MB, information about a real technical object (composition,
structural and reliability structures, data on reliability indicators and cost of elements) is presented,
which is then converted to the form required for use in IMS. In IMS, process of operation object is
simulated, taking into account the maintenance. As a result of the complex application of MB and
ISM, results are obtained for a specific type of object, the characteristics of which are specified in the
initial data.

MB is developed using well-known concepts and methods of probability theory, reliability
theory, graph theory. ISM is based on the application of the statistical modeling method (Monte Carlo
method). The use of any analytical method turned out to be impossible due to the complexity of the
process being modeled.

MB is implemented in such a way that when the software is launched, all data structures used
in the model are immediately (automatically) created in the PC RAM and become available for other
models. At the same time, reliability indicators of object and all its elements are immediately formed.

In the "Database” mode, it is possible to create a database, correct previously entered
information. The PC screen in this mode is shown in fig. one.

The tree of the constructive structure of object is displayed on the left side of screen. In this
tree, you can collapse or expand the internal structure of any of the elements. When you select (by
mouse click) any of the elements in this tree, the tables on the right display information about the
elements that make up selected element. The upper table displays data on composite structural
elements that make up the selected element. The lower table displays the data on IDI that are directly
included in the selected element. You can edit data in these tables.

At the bottom left (under tree) a panel with data is displayed:

- mean time to failure of the selected element (h);

- cost of the element (c.u.);

- number of structural elements included in the selected element;

- total number of elements-INR in the selected element.

At bottom of screen (below tables) a histogram of DN-distribution density of the selected
element is displayed.
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Figura 1 — View of the PC screen in the “Database” mode

To test and study the developed models and methods, test objects with different structures and
reliability were used. The characteristics of test objects are selected in such a way as to cover all
typical cases of possible real objects encountered in practice. With help of test objects, the following
sections demonstrate the features of application developed models and their capabilities. This section
presents the main characteristics of test objects, as well as the simulation results obtained for them
using MB software.

The Test-1 object is an example of the simplest object that has a consistent reliability structure
and a constructive structure that has 6 levels of nesting (Fig. 2). It consists of 20 INR elements that
are part of other structural elements of higher levels. INR elements are indicated by circles. All INR

have the same reliability characteristics: T, =20000 h; v = 1. The elements included in the set E, are

hatched.

The Test-2 facility is an example of a low reliability facility that uses redundancy to improve
reliability. The constructive structure of the object is shown in fig. 3. Three least reliable elements
have a reserve: 11 (n=3), 12 (n=3) and 131 (n=2). All other elements are consistent (in the sense of
reliability) of all the elements included in them. The total number of INR is 900. The elements
included in set of recoverable elements are also marked with hatching.
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Figura 3 — Constructive structure of the object Test-2

Objects Test-3 and Test-4 are examples of objects that have a single-level constructive structure
(Fig. 4). The number of all elements is 50. Elements of objects differ significantly in terms of their
reliability. The object Test-3 is an example of an object with a high level of reliability, the object
Test-4 is an example of an object with low reliability. Since the structural structure is single-level, all
elements are INR, and all of them are recoverable.

u=0  |Object

Figura 4 — Constructive structure of objects Test-3 and Test-4
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For each of the test objects, a separate database was created, into which the necessary
information about the object was entered. For all INR, the coefficient of variation is set to same, equal
to 1.

Table 1 presents the main characteristics of test objects.
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Figura 5 — Distribution histograms of average time to failure restored elements of test objects

Table 1
Characteristics of test objects

Number of . Coefficient of
Object Number elements to be Mean time variation
of INR to failure, h
restored

Test-1 20 15 44721 1,0
Test-2 900 16 745,8 0,726
Test-3 50 50 29930,7 1,0
Test-4 50 50 1783,2 1,0
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The values of the reliability indicators given in table (mean time to failure and coefficient of
variation) are formed automatically when DB program is launched and displayed on PC screen (Fig.
1). For object Test-2, the resulting coefficient of variation is not equal to 1 due to the presence of
redundant groups elements in the object.

The most important characteristic of object, which affects the operational indicators of
reliability and cost of the object, is distribution of reliability indicators object by its elements. On fig.
5 shows the distribution histograms of the mean time to failure elements of test objects. Grouping
intervals are plotted horizontally, and the number of elements in the intervals vertically.

The histograms shown in the figures were formed using the model software in the “Database”
mode.

Conclusions

1. The reliability model (RM) makes it possible to obtain estimates of the reliability indicators
(R1) of individual structural elements and the object as a whole based on information about the RI of
the elements of the lower structural level. The RM represents the hierarchical constructive structure
of object. Structural elements of a certain u-th structural level are a sequential (in terms of reliability)
connection of the elements of (u+1)-th level included in it. Separate structural elements can be a
redundant group (parallel connection) of the same type of elements. Thus, with the help of RM,
representation of a hierarchical structural structure is combined with an arbitrary serial-parallel
reliability structure of an object, which is an acceptable representation for most technical objects
encountered in practice.

2. DN-distribution is used as a failure model for all elements and the object as a whole. DN -
distribution is considered to be an adequate model of gradual failures both for electronic products and
for various mechanical units and elements. An important advantage of DN-distribution is also that
its form is preserved during transformations of the reliability structure of the system. It is this feature
of DN- distribution that made it possible to apply it to a system that has a hierarchical structure.

3. The software implementation of RM was developed in the Delphi programming system. The
hierarchical constructive structure of an object is programmatically represented using list data
structures (TList lists are used). List elements are objects (instances of Delphi classes) representing
individual structural elements of a technical object. Such objects encapsulate all the necessary data
related to individual structural elements, including the parameters of DN-distributions of the time of
failure.

Information about the composition, structure and reliability indicators of the elements of the
object is stored in the database of the model built using tables of the InterBase DBMS format.
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_ K.Iea.H., gou. Toaoxk I.B., K.T.H., 1ou. ban3ak I'.B., k.1.1., non. Jlemenko O.I.
IHTEP®EUC, IO BUKOPUCTOBYETBHCS B MOJAEJII BE3BIJIMOBHOCTI

Cknaoni mexniuni 00'ekmu y cycninbcmei maroms 6uKIOUHO éaxciuee 3HayenHusa. Taki 06'ckmu
Haexcams 00 K1acy 00'€Kmie, uio 6i0HOGIIOIOMbCA MPUBATO20 DA2AMOPA306020 3ACMOCyséanH. Bonu, ax
npaeuno, € 00poZuUMU ma NOmpeoyIomsv 3HAYHUX eumpam Ha ix ekcnayamauir. /lna 3ade3neyenus
Heo0XiOH020 pieHA 0€36I0MOGHOCHI 8 npoueci ix excniayamayii 3a3euuail NPOGOOUMbCA HEXHIUHE
oocnyzogysannn (TO), cyms AK020 nOAAZAE Y C60EUACHII 3aNO0INHCHIN 3AMIHI e/1EMEHMIB, W40 3HAXO0OANbCA
6 cmati nepeo 8idmoeoio.

Ilpobnema nonszaec 6 momy, wio npu po3pooui maxux 00'ckmie yci numaHHsA, NO6'A3aHi 3
PEMOHMONPUOAMHICII0O MA MEXHIYHUM 00CY208Y6AHHAM, NOBUHHI GUDIULYBAMUCA 6)C€ HA DPAHHIX
emanax npoexmyeganns 00'ckma. Axuio He nepeddauumu 3a30a1e2i0b HeoOXIOHI anapamui ma nPoOZPamHi
3acobu 60yooeanozo konmponio mexuiunozo cmany (TC) 06'ekma, ne po3pooumu i He 66yoyeamu 6 06'ckm
mexHonozito nposedennn TO, mo peanizysamu 6 MAUOYMHLOMY MONCTUBUIL suzpaut y 0€36i0M06HOCHL
00'exkma 3a paxynox nposeedenna TO ne edacmuvca. OcKinbKu 6ci i NUMAHKA NOGUHNI UPiULy6amucsa Ha
emani cmeopennn 00'ekma (Konu 06'ekma wie Hemae), Heooxioni mamemamuyuni mooeni npoyecy TO, 3a
00HOMO2010 AKUX MOMCHA OY110 0 RPOPAXYBAMU MOMNCTUGUIL euUzpaul y pieHi 6e36i0moenocmi 06'ckma 3a
paxynok npoeedennsa TO, ouinumu eapmicui eumpamu. Ilomim na niocmasi maxux po3paxyHKie
npuiiHAmMU piieHHA nPo Heoo0xionicmo npogedenna TO ona 0anozo muny 00'ekmie i, AKW 0 MaKe pinieHns
npuitnamo, pospooumu cmpykmypy cucmemu TO, eubpamu nHaiinioxooauly cmpameziio, uzHauumu ii
ORMUMAanyLHi napamempu.

Kniouoei cnosa: mexmuiune oo0cayzoeyeanns, xoegpiyicum eapiauii, 0e36i0mosenicmo 00'ckma,
KoMnieKkmyoui enemenmu
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