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TECHNIQUE OF OPTIMIZATION PARAMETERS OF STRATEGY REGULATED
MAINTENANCE SERVICE

In clause the analysis of the maintenance of process of maintenance service (MS) of object of radio-
electronic technics is made and necessity of a choice best strategy MS corresponding reliability -cost
characteristics of object is proved. It is shown, that for complex objects of radio-electronic technics
potentially the most effective is strategy MS «on a condition». MS and its private representations the
general mathematical model of process is developed for following strategy MS: MS on a condition with
constant periodicity of the control (MSC); MS with adaptive change of periodicity of the control (4MS);
MS on a resource (MSR). Indicative limitedness of the constructed analytical model of process MS,
impossibility to consider in it real constructive and reliability structure of complex object of radio-
electronic technics. The analytical model which is used as the initial formal description of process MS by
development of imitating statistical model (ISM) process of maintenance service and repair is developed.

Keywords: non-failure operation of object, maintenance service, optimum parameters, periodicity of
the control, technical condition.

Statement of a problem. Prominent feature of complex technical objects of special purpose
is presence in their structure of a plenty (tens, hundred thousand) polytypic completing elements
which have a various level of reliability, various laws of processes their deterioration and ageing.
This feature demands more thin approach to the organization and planning MS during their
operation.

The problem consists that by development of such objects all the questions connected with
maintainability and maintenance service should be solved already at early design stages of object. If
to not provide in advance necessary equipment rooms and software of the built in control technical
conditions (TC) of object, to not develop and "not build in" object technology of carrying out, to
realize in the future a possible prize in non-failure operation of object due to carrying out THAT it
will not be possible. As all these questions should be solved at a stage of creation objects (when the
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object still is not present), mathematical models of process by means of what it would be possible to
count a possible prize in a level of non-failure operation of object due to carrying out MS are
necessary, to estimate cost expenses demanded for it. Then on the basis of such calculations to
make a decision on necessity of carrying out MS for the given type of objects and if such decision is
accepted, to develop structure of system MS to choose the most comprehensible strategy MS, to
define its optimum parameters [1,3,4].

Unfortunately, mathematical models known now and design procedures of optimum
parameters of processes MS are poorly suitable for application to real technical objects. The basic
lack of these models consists that in them or the complex structure of object is not considered at all,
or there is an opportunity to consider only some elementary structures [2,5,6]. In [7,8] the
comparative analysis of the problems arising at the decision of problems MS “on a resource” and “
on a condition ” is made. The review of the last for that period of works is resulted in the field of
MS and repair of complex systems. In [9,10,11,12] theoretical generalization of known
mathematical models of processes MS is made. However these models do not allow to build on
their basis suitable techniques for practical use.

The basic part. In view of statement of problems (1) and (2) with reference to optimization
of parameters of strategy TOC with constant periodicity of the control it is concretized as follows:

Optimization by criterion min ¢, :

TO(E:O’U:O’TK*) ZTTp’

c,(E.,U.,TS) > min , (1)
optimization by criterion Max K_ :

T,(E.,U.TH=>T™;

Ko (Efo U i T) = max )

where T, - the set requirement to a level of non-failure operation of object;

E.,U. and T -required optimum values of parameters MSC with constant periodicity of
the control.

It is obvious, that parameters E_, U" and T, received as a result of the decision of
problems (1) and (2), will be various.

The space in which search of optimum values E_ should be carried out, U’ and T, in both
problems equally and represents the cartesian product of a following kind:

{E, 3x[0,1%' x[0,x), ©)
where {E, } - set of all sets consisting of elements, entering into set E__;

[O,1]‘ET°‘ - hypercube, each point in which represents a vector dimension ‘Em‘ , elements of a
vector are the numbers belonging a piece [0,1];

[0,90) - numerical axis containing all positive numbers.

Clearly, that a generating element of space (3) is the set of served elements E_ . The set E

is defined by the developer, it joins the least reliable elements for which defining parameters are
known and there are means of their measurement. At a development cycle of object RET for some
potentially served elements defining parameters can be still unknown. However, and such elements

can be included in set E _ with the purpose of check expediency in the future of additional
researches on revealing defining parameters for these elements. By results of modeling the
developer has an opportunity to define an expected prize in reliability of object due to carrying out
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MS of these elements. If there will be, that a prize essential, the developer can make a decision on
additional charges on changes of a design object with the purpose of maintenance measurement
defining parameters.

So, the set E_ is set in view of already accepted decisions on necessity MS for a part

elements, and also from reasons of check of expediency of inclusion in number of served other
elements.
The problem (1) (the same as also (2)) is supposed to be solved a problem as sequence of

private problems in which the set of served elements is fixed. On each step the auxiliary set E_ by

addition in it on one element taken from E__ is formed. Before it all elements of set E_ are ordered
on increase of an average operating time to refusal of elements.
On each step for the fixed set E the private problem of definition optimum parameters U

and T ", satisfying to a condition is solved
c,(E5 U

TO ! TO !

T.)— min . 4)
Ui Ty

The decision P = <E+

To !

U:O,TK*>, satisfying to a condition (4), we shall name conditionally

optimum decision received provided that set of served elements has structure E .

It is obvious, that at addition in E new elements the average time between failures T,
should increase, and as soon as on some step the condition T, > T " be satisfied, process of search
of the decision stops. Conditionally optimum decision P. received in last step makes as the
optimum decision P .

Similarly the problem (4.2) is solved also with that only difference, that instead of a private
problem (4) on each step the problem is solved

K, (E5U!

T0 ! TO !

T.) — max. (5)

TO! 'K

Thus, due to such reception we have reduced number of optimized parameters up to two -
U_ and T_. However complexities have not disappeared yet as one of the remained parameters is

a vector.
The parameter U is a vector of levels MS set for various served elements. Simple physical

reasons speak that optimum values U, ; €U should be separately for various elements € € E_ as

likelihood characteristics of process degradation various elements can essentially differ. Thus the
greatest influence on a choice of optimum value U_the size of factor a variation process of

degradation of an element v, apparently, should render. On the other hand, optimum values U_;

can depend also on periodicity of the control T ™. For finding-out of these dependences we shall

execute simple research.
For an example we shall take object Test-1 and we shall make calculations of specific cost of

operation ¢, (E,,,U,;,T,) atfixed E_ and T _, and at various values U, ;where U, is a vector in

TOi ! i

which varies i-th component u_,: U_. ={u_,,u_,,....u_.}.

To make results evident and easily interpreted, we shall extremely simplify a situation. In set
E. we shall include a unique element so the vector U, turns to a scalar U,__;.
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On fig.1 results of calculations in the form of schedules dependence parameters €, and K
from size U_; are resulted at the fixed periodicity of the control T_= 1000 u. The size U_, varies in
an interval [0,1; 0,95].

Calculations have been executed for three values of factor of a variation v ;: 0,5; 0,8; 1,0.

) and K_(u_.) has
strongly pronounced extrema which position depends on factor of a variation v,. At increase in

Under the received schedules it is well visible, that functions ¢ (u

Toi Toi

factor of a variation optimum values of a level MS U, are displaced in area of smaller values,

coming nearer to a level 0,5.
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Fig.1. Schedules of functions ¢, (u,,;) and K, (u,,;) at various values v,

TOi

(Object Test-1, T_=1000)

Now it is necessary for us to find out, whether optimum values U’ . depend on periodicity of
the control T_. For this purpose we shall make the same calculations at various values of periodicity

T., and at everyone T_ we shall define optimum values U,
themand K_(u’.).

and values ¢ (u’,) corresponding

i Toi
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Value T_ we shall vary in a range from 500 up to 5000 4. By results of calculations schedules
of dependence on T_ optimum sizes U, and the values C_ (U ) corresponding them received by

criterion min ¢, (fig. 2), and the same schedules for values U’ and K_(u..), received on

criterion max K, (fig. 2) have been constructed.
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Fig. 1. Schedules of dependences an optimum level MS u_. and corresponding values of criterion

functions ¢, (u ;) and K_ (u,

TO1 TOl

) from periodicity of the control T_ over various values v,

The received schedules evidently show the following:
1) conditionally optimum values u;, and corresponding sizes c (u;;) and K_(u.;)

Toi Toi
essentially depend on periodicity of the control T_ and, hence, sizes u;; and T " are dependent, and

+

2) conditionally optimum values u’; also T " depend also on factor of a variation v;.

Conclusions. Established facts allow to draw such conclusions.
First, we have received acknowledgement of that by search conditionally optimum vector

it is necessary to carry out separate optimization of each of its elements.
Secondly, by search of conditionally optimum decision in (4.4) it is necessary to search for in
common optimum values of parameters U and T ".

Developed below a technique of optimization of parameters MSC appreciably are based on
use of established facts and the conclusions made on them.

U+

TO
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k.1T.H. ban3zak I'.B., k.1.1. llunapes B.M., k.T.H. Jlemenxo O.L., bonnapenko T.B.
TEXHIKA OITUMIBALII TAPAMETPIB CTPATEI'Il PETI'YJIIOBAHHSA TEXHIYHOI
CJIYKbA

B cmammi nposooumbvca ananiz smicmy npouecy mexmuiunozo oéciayzoeyeannsa (TO) 06'ckma
padioenrekmponnoi mexHiku ma o0rpynmosana neodxionicmes eudopy naiikpawioi cmpamecii TO, wio
gionogioac Hadiiino-eapmicnum xapaxkmepucmukam oo'ckma. Ilokazano, wo 0na ckraonux 06'ekmie
padioenrekmponnoi mexniku nomenuiiino Haubinow egexmuenorwo ¢ cmpamezia TO «3a cmanom.
Po3poonena 3azanona mamemamuyna mooenv npouyecy TO ma i uwacmkoei npedcmaenenns o0
Hacmynnux cmpameziii TO: TO 3a cmanom 3 nocmiitnoto nepioouunicmio koumponaio (TOC); TO 3
aoanmuGHum 3miHol0 nepioouunocmi xoumpoarw (ATO); TO no pecypcy (TOP). Ilokazoea
obmesxncenicmo nodyoosanoi ananimuunoi mooeni npoyecy TO, nemoorcnugicme epaxyeamu 6 Hiil
peanviy KOHCHMPYKMUGHY MA HAOIUHY CHMPYKmMYpY CKI1AO0H020 00'cKma padioerieKmpoHHOI mexHiKu.
Po3pobnena ananimuuna mooenn, aKa 6UKOPUCHOBYEMbCA AK 6UXiOHe hopmanbhe onuc npouecy TO npu
po3pobui imimayitinoi cmamucmuunoi mooeni (ICM) npouecy mexuiunozo o0o6cnyzoeysanus ma
pemonmy.

Kniouosi cnosa: 6e3002n1a0nicmo 06'ckma, mexuiune 00Cyz06y6ants, onmMUMAibHi napamempu,
nepioouuHicmv KOHMPONI0, MEXHIYHUI CIMAH,
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K.T.H. banzak I'.B., k.1.H. Hunapes B.H., k.1.H. Jlemenko O.U., bounapenko T.B.
TEXHUKA ONTUMU3ALIUU MTAPAMETPOB CTPATEI'MU PET'YJIMPOBAHUSA
TEXHUYECKOI'O OBCIY KUBAHUS
B cmamobe npouzeeden amnanuz cooepicanus npoyecca mexHuyeckozo oociayxycusanus (TO)
00veKkma paouoI1eKmpoHHOll MEXHUKU U 000CHO8AHA HEODX0OUMOCHb 8b100PA HAWIYUWIEN CIpAm ezl
TO, coomeemcmaywuieit HadeIHCHOCMHO-CIOUMOCMHBIM Xapakmepucmuxkam odvekma. Ilokazano, umo
0N C/IOMHCHBIX 00BEKMO8 pAaouoINeKmpPOHHOU MeXHUKU NOMEeHUUANbHO Haubonee IPdhexmusnoli
aenaemca cmpamezua TO «no cocmoanuton. Paspabomana oouias mamemamuueckas mooeib npoyecca
TO u ee uacmuwle npeocmaenenusn 01a caedyrwuwjux cmpameeuit TO: TO no cocmosanuio ¢ NOCMOAHHOU
nepuoouunocmoto xoumpons (TOC); TO ¢ adanmusnHviM u3MeHeHUEM NEPUOOUUHOCMU KOHMPOJIA
(ATO); TO no pecypcy (TOP). Ilokazana ozpanuueHHOCMb NOCMPOEHHOU AHATUMUYECKOU MOOeu
npouecca TO, neeo3mMoicHOCb yUUmMbBIGAMb 6 Hell PeanbHyl0 KOHCHPYKMUGHYIO U HAOEHCHOCHIHYIO
CMPYKIYPY CIOHCHO20 00beKma paouoinekmponnoi mexnuxu. Paspabomana ananumuyecxkana mooeny,
Komopasa ucnoib3yemca Kak UcCX00HOe ¢opmanbvhoe onucanue npouecca TO npu paspabomke
umumayuonnoii cmamucmuydeckoii mooenu (HCM) npouecca mexHuuecko20 o00Cayyucueanus u
pemonma.
Kntouegvle cnosa: oOe3omkazHocmb 00beKma, mexHUUeECKoe O00CaAyycusanue, ONMUMATIbHbIE
napamempul, REPUOOUYHOCIb KOHMPOJIA, MEXHUUECKoe COCHOoAHUe.





