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INFLUENCE OF COEFFICIENT VARIATION ON THE VALUE OPTIMAL
LEVEL OF MAINTENANCE

Complex technical objects in modern society are extremely important. Such objects belong to the class
of recoverable objects of long-term repeated use. They tend to be expensive and costly to operate. 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. A characteristic feature
of complex technical objects for special purposes is the presence in their composition of a large number
(tens, hundreds of thousands) of different types of component parts that have different levels of reliability,
different patterns of their wear and tear processes. This feature requires a more subtle approach to the
organization and planning of maintenance during their operation.

The problem is that during the development of such facilities, all issues related to maintainability and
maintenance should be addressed already at the early stages of facility design. If you do not provide in
advance the necessary hardware and software for the built-in monitoring of technical condition (TC) of the
object, do not develop and “build” 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 object creation (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 facility 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 structure of the maintenance system, choose the most acceptable
maintenance strategy, and determine its optimal parameters. In this paper, we study the influence of the
coefficient variation on value of the optimal level of maintenance. The work also confirms the general idea
that the smaller value of the coefficient variation of random operating time to failure of the serviced
elements, greater optimal value of maintenance level should be.

Keywords: maintenance, coefficient of variation, facility reliability, component parts.

Introduction. Complex technical objects in modern society are extremely important. We are
talking primarily about various radio-electronic complexes for military and special purposes, radar
stations, automated control systems (air traffic, energy facilities, etc.). The state's defense capability,
economic security, and the lives of hundreds and thousands of people depend on the level of reliability
such facilities.

Complex technical objects are understood as objects consisting of a large number different
types of elements (tens, hundreds of thousands), each of which can represent a rather complex
technical device. Elements can be electronic, mechanical, electromechanical, hydraulic, etc. The
diversity of elements leads to the fact that different elements are characterized by fundamentally
different physical processes (and, consequently, rates) of degradation, leading to their failures.

Objects can have an arbitrary reliability structure (as a rule, serial-parallel). The structural
structure of such objects is usually hierarchical, that is, the object consists of subsystems, subsystems
consist of units (cabinets), units - of devices (blocks), etc.

Analysis of previous studies. The “surge” in number of theoretical works on the maintenance
of complex systems falls on the 70-s of the last century, which can be explained by the mass
production of complex radio-electronic equipment for military and special purposes at that time [1-
6]. Currently, there is a decline in the number of scientific publications devoted to the maintenance
of complex technical objects. One of the reasons for this, in our opinion, is the sharp increase in the
level of integration and reliability of components. Thanks to this, the developers of sophisticated
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equipment were able to solve the issues of ensuring the required level of reliability without significant
maintenance costs (or without maintenance at all). However, the same reason (high integration and
reliability of component parts) opened up the possibility of implementing more and more complex
technology with new functions, which was impossible with the old element base. This again leads
objectively to the problems of ensuring reliability and, therefore, the question of need for maintenance
and the choice of optimal strategy for its implementation again becomes relevant.

Formation of problem. Unfortunately, the currently known mathematical models and methods
for calculating the optimal parameters of 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 an object at all, or it is possible to take into account only some of
the simplest structures [7, 8]. In [9], a comparative analysis of the problems arising in solving the
problems of maintenance "by resource” and "by state™ is made. An overview of the latest work for
that period in field of maintenance and repair of complex systems is given. In [10], a theoretical
generalization of the known mathematical models of maintenance processes is made. However, these
models do not allow constructing methods suitable for practical use on their basis.

In our opinion, the situation is even worse with mathematical models of maintenance processes
"by state”. Only a small number of scientific works are devoted to this area of research [11, 12].

Main part. From simple physical considerations, it is clear that the choice of the optimal level

of maintenance u_; should depend on the statistical properties of determining parameter of i-th

element. Obviously, the main characteristic, on which the choice of the optimal value u_, depends,
is the coefficient of variation v, determining parameter. The smaller value v,,, larger the optimal
value u_; should be.

In the developed ISS, DN-distribution is used as a model for failures of serviced elements. A
feature of DN-distribution is that the coefficient of variation V; distribution is equal to the coefficient
of variation v, defining parameter of the element, the failures of which generate the given DN-

distribution [11]. This fact greatly simplifies the study of the properties of optimal maintenance u_

levels. Let us investigate how the optimal value on average depends on the coefficient of variation
serviced elements. The study will be carried out in MC simulation mode with a constant monitoring

frequency. For all serviced elements, we will set the same values of the coefficient of variation v, =V

operating time to failure, and determine the same optimal value u’ . =u_ . The optimal value u.
will be determined by the criterion

u,:c,(E,u,T)— min, (1)

where the parameters and are fixed. The set is a characteristic of object, the parameter will vary in a
certain range.

For the study, special software has been developed that allows us to obtain the dependence of
the indicator on the parameters of interest to us. The calculation results are obtained in the form of
the corresponding graphs.

The study will be carried out using the example of test object Test-1. In database for Test-1
object, we will sequentially set different values of the coefficient of variation v of the distribution of
the operating time to failure of the structural elements lower level. Then, for each value v, we will

make calculations in order to determine the optimal value of the maintenance U_ level according to
criterion (1).
We will make variations U__ in range [0,1; 0.96] with an interval of 0.02. We will make
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calculations under the condition that the set ET0 ={132,12, 11111}, for three values of the monitoring
frequency T_:500 h, 1000 h and 1500 h.

In fig. 1 shows graphs of dependence unit operating cost C | (E

TO !

h for three values of the coefficient of variation: v: 0.1; 0.5; 1.0.
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Figura 1 — Graphs of dependence C,, on level of maintenance U,, at various values V; (object

Test-1, T_=1000 h)

The graphs show that with an increase in the coefficient of variation v, optimal value of the
maintenance U’ level shifts to the region of lower values.

Graphs fig. 1 are given only to illustrate the type of results obtained. Based on the totality of all
calculation results for Test-1 object obtained in this study, the graphs shown in fig. 2 a. Similar graphs
were obtained for other test objects. In general, their nature is similar to the graphs for the Test-1
object. In fig. 2 b shows the same graphs for the Test-4 object as an example.
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Figura 2 — Graphs of the dependence of optimal level maintenance U, on the value of

coefficient variation v; for different values of monitoring frequency T,

Conclusions. In general, based on the results of this brief study, following conclusions can be
drawn:

- general idea is confirmed that the smaller the value of the coefficient of variation of the random
operating time to failure of the serviced elements, the greater the optimal value of the maintenance

level U, should be;

- since for the serviced elements value v, of the coefficient variation, as a rule, is much less
than 1, the optimal maintenance u_ , levels for various elements should be determined separately;

- if coefficients of variation operating time to failure of the serviced elements are close to 1, the
optimal maintenance level for them is 5 value u’_ = 0.5.
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K.Nea.H., 1o1. Togok L.B., K.T.H., gou. ban3zak F.B_:, K.T.H., CT. 10¢J1. JIenkoB €.C., bonnapenko T.B.
BILJIUB KOE®IIIEHTA BAPIAIIII HA BEJIUWYUHY OIITUMAJIBHOI'O PIBHSA
TEXHIYHOI'O OBCJIYT'OBYBAHHSA

Crnaoni mexHiuHi 00'€Kmu 6 Cy4acHomy CyCRiibCHEl MAlOme UKIOUHO éaxicnuse 3HayenHs. Taxi
00'ekmu  gionocambvea 00 Kaacy 00'ekmie, w0 GIOHOGNIVIOMbCA MPUBANO20 0A2amMOpPA308020
3acmocyeanna. Bonu, axk npasuno, € 0opozumu i gumazaroms 3HAYHUX eumpam na ix ekcnayamauir. /na
3abe3neuenns HeoOXiOH020 pieHs 0e38i0MO6HOCHMI 6 npoueci ix eKcnayamauii 3a36uuaii RPOGOOUMbCA
mexniune obcnyzosysanus (TO), cymb AKO20 NONAAZAE Y CBOCUACHIN 3AMIHI, WO NONEPEOHCYEMBCA
eleMenmis, w0 3HAX00AMbCA 6 NPEeOGiOMOBHOMY cmani. XapaKmepHow 0codaugicmio CKIAOHUX
mexHiuHuXx 00'cKkmie cneyiaibHO20 NPUHAYUEHHA € HAABHICMY 8 IX CKNA0i 8enuKoi Kinbkocmi (Decamku,
COMHI MucAY) Ppi3HOMUNHUX KOMNIEKMYIOUUX eleMeHmis, AKi Maromsy pi3Huil pisens Hadiltnocmi, pizHi
3aKonomipnocmi npoyecie ix 3nocy i cmapinna. Lla ocoboaugicms eumazac 6invui MOHKO20 HiOX00y 00
opzanizayii i naanyseannsa TO ¢ npoueci ix excniayamauii.

Ilpobnema nonazac 6 momy, ui0 npu po3pooui mMaxux o00'ckmie 6ci nUMAHHA, NO6'A3AHI 3
DPEMOHMONPUOAMHICIIO | MEXHIUHUM 00CIY208Y8AHHAM ROGUHHI GUDIULYEAMUCA 8JiCe HA PAHHIX emanax
npoexkmyeanna 06'ckma. Axkuio ne nepeddauumu 3a30aneiob HeoOXiOHi anapamui i NPOZPaAmMHI 3acoou
60y0oeanozo konmpoJto mexuiunozo cmany (TC) 06'ekma, wyo ne po3pooumu i ne ""66yoysamu’’ 6 06'ekm
mexHonozito nposedennsn TO, mo peanizysamu 6 MaliOYMHLOMY MONCTUGUIL suzpaul 6 0€36i0MO6HOCH
00'ekma 3a paxynok npoeedenna TO ne edacmoca. Ockinvku 6ci yi RUMAHKA ROGUHHI GUPIULYBAMUCA HA
emani cmeopenHs 00'ckma (konu 06'ekma wie Hemac), HeoOXioHi mamemamuyuni mooeni npoyecy TO, 3a
00HOMO2010 AKUX MONHCHA OY10 6 RPOPAXYBAMU MONCAUGUIL eUzPAlL 8 PieHI De36i0Mo6HOCMI 00'cKkma 3a
paxynok npoegedennsn TO, ouyinumu Heo0Xioni 014 yb020 eapmicni eumpamu. Ilomim na niocmaei maxkux
PO3PAaxyHKie npuiinamu pivienHusa npo Heooxionicmo npogedenns TO 0na danozo muny 06'ckmie i, AKWLO
make piwleHHa NpuiiHAmo, po3pooumu cmpykmypy cucmemu TO, eudpamu Haiubinowi NPpUBHAMHY
cmpamecito TO, éuznauumu it onmumanvHi napamempu.

Y oanini pooomi nposeooumwca Oocnioicenna ennugy kKoegiuicnma eapiauii Ha eeaUUUHY
ONMUMAILHO20 PIGHA MeXHiUHO020 o00cnyzosysanus. Takoixc 6 pobdomi niomeepoicycmvcsa 3azanbvHe
MIDKY6AHHA PO Me, W0 YUM MeHule eeUdUna Koediyicnma eapiayii 6unaokoeoi HANPaAUIOEaAHHs 00
8i0MO6U 00CIY208YIOMBCA eJ1eMEeHmie, mUM Oiibuum mac Oymu onmumanvte 3nadyenns pieusa TO.

Kniouoei cnosa: mexmuiune oo0cayzoeyeanns, xoegpiyiecnm eapiauii, 0e36i0omoenicmo 00'ckma,
KOMR1eKmyui enemenmu.
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