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OPTIMIZATION OF MAINTENANCE COMPLEX OBJECTS OF
RADIO ELECTRONIC EQUIPMENT

The article discusses models for optimizing the maintenance eservice process (MS) of complex objects
of radio-electronic technics (RET). The statement of the problem determining optimal parameters of objects
MS is formulated for the case if the state maintenance strategy MS (MSS strategy) is used.

As a criterion of optimization, the requirement minimum unit cost of operating an object for a given
period of its operation is used, provided that the required level of failure-free operation of the object is
estimated as estimated by “mean time on failures”. The objective functions of the optimization task are
determined by modeling the process of MS and repair (MSandR) of the object. This circumstance explains
the choice of a search method for an approximately optimal solution to the problem: simplest relaxation
method of direct enumeration is used, controlled by a human expert who solves this problem in the interac-
tive dialogue mode between the user and the computer.

The methodology for determining approximately optimal parameters of strategy MSS described in
this article is intended for use in the development of object RET. The methodology allows the early stages
of development to pre-evaluate possibility of increasing level reliability of the facility due MS. At later stages
of development, when all technical solutions have already become known, elements for which there are
measurable determining parameters become known, preliminary estimates of the necessary parameters
MSS can be refined and corrected design decisions. Corresponding refinement of calculations should be
made every time when accurate data on the reliability of component parts appear.

Software (SW) was developed for computer support of the solution search process. SW developed by
Delphi programming tools.

Key words: object of radio-electronic technics, maintenance, mean time on failures, unit cost of op-
eration, simulation statistical modeling.

Introduction and statement of the problem. A complex object of radio-electronic technics
(RET) is understood to mean a technical device consisting of a large number (tens, hundreds of thou-
sands) of various types components (mechanical, electromechanical, radio and optoelectronic, hy-
draulic, etc.). Examples of complex RET objects include radar stations, elements of anti-aircraft mis-
sile systems, electronic warfare stations, etc. The operation of various components of such objects is
based on different physical principles, have significantly different reliability indicators and, therefore,
require different terms and volumes of work for their maintenance.

Maintenance (MS) of complex RET facilities is intended to ensure the required level of their
failure-free operation. Carrying out maintenance always requires certain costs (time, cost, electricity,
etc.), so the task of minimizing these costs naturally arises. To solve this problem, it is necessary to
build a mathematical model in which the goals of the optimization problem (objective functions) and
the parameters of these functions should be optimized in a formalized form.

With this in mind, we will use the following indicators as objective functions in the problem
under consideration:

T, - average time between failures of an object [1];

c, - unit cost of operating RET object at a given time interval.

Using these notations, the problem of optimizing the parameters of the selected MS strategy in
a formal form can be written as follows:

To(PL) =To";
c,(P,) — min , (1)
where P, - is the designation of the generalized parameter of the maintenance strategy, the
specific content of which is determined by the selected maintenance strategy;
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T,” — required value of the mean time between failures of the facility.

P" —is the optimal value for the parameter.

The most common in practice are two fundamentally different MS strategies: the maintenance-
by-status strategy (MSS strategy) and the maintenance-by-resource strategy (MSR). The strategy
MSS is more effective than strategy MSR (in terms of influencing the facility's failure-free level).
However, strategy MSS, as a rule, requires significantly greater economic costs, since it requires the
presence of additional hardware necessary to determine the actual technical condition of object during
its operation.

In this article we will consider only strategy MSS. Let us denote the set of all structural elements
objects, by the state of which the TC of the object is determined E, (E,— these are the elements

included in the structural diagram of the reliability objects). We assume that only a part of them
undergo maintenance during operation. The set of serviced elements is denoted by E_ (E,, < E,).

Analysis of recent research. Recently, more and more attention has been paid to improving
the technical operation of complex equipment. A special “niche” is the issues of optimizing the
maintenance parameters long-term use of electronic equipment. For the developer of these processes,
it is important to have methodologies for a qualitative assessment of the mechanism influence of
individual processes on the degradation and failure of RET.

A lot of research has been devoted to questions of calculating and predicting reliability, as well
as creating models (including simulation ones). In work [2], a method has been proposed for devel-
oping modern methods for assessing reliability based on numerical modeling. In work [3], a method
for calculating reliability based on graphs was proposed. In work [4], MEMS structural reliability
modeling method is presented and the FORM method is described for obtaining the reliability index
and its sensitivity with respect to input random variables and their parameters, which can not only be
used to assess the reliability of an object, but can also help determine key factors for additional struc-
tural improvements. In work [5], Weibull — Corrosion extended covariance model is proposed for
assessing the reliability of a system that faces operational stresses. A combination method for ana-
lyzing the reliability of a multivariate system was proposed in work [6]. The method is based on a
combination of BDD and MMDD models. In work [7], it is proposed to use a semi-parametric bayes-
ian approach to obtain reliability indicators of multilevel hierarchical systems, both with parallel and
serial connection of components.

In these works, the methodology for determining reliability indicators of system for given set of
failing elements and their characteristics is described in detail, but the problem of choosing this set
and its effect on reliability indicators is practically not addressed.
rae {E, } - MHOXecTBO Bcex MHOXeCTB E

The main results of study. By determining parameter (DP) we mean the physical or functional
parameter, value of which determines the operability of element [8].

The normalized DP value of the i-th element is denoted by u,(t) (u;(t) €[0,1],i=L|E_|). The
value 0 corresponds to the nominal (required) value of the parameter, the value 1 is the boundary
value, upon reaching which the element is considered to be failed (inoperative). Random DP values
u; (t) describe the physical process of element degradation. All values u,(t) <1 correspond to the

healthy state of element.
We introduce the concept of a maintenance level as u, , follows (u; , <1). If the value at a certain

point in time (operating time) t reaches a level (level of maintenance), then at this point in time,
maintenance (replacement) of this element is required.
Taking into account the introduced concepts and notation, the generalized parameter of the strat-

egy MSS P, is represented by the following set [9]:
Py =P ={Ep0 Uno T}, 2)
where E_ —is the set of serviced elements; U ={u, ;i =1,?T0} T — a vector of normalized
values determining parameters of the serviced elements (vector of MS levels), upon reaching which
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element MS is required; T_ — frequency of monitoring the vehicle. When monitoring the vehicle’s
vehicle, the values of all serviced TC elements are measured and, based on the measurement results
u; (t) , a decision is made about the need for maintenance.

Taking into account definition (2), the statement of optimization problem (1) can now be written
as follows:

*

To (B U
CB(E:O’U*

TO !

T)>T,7;
T.)) > min , (3)
where, E. , U and T. - are the sought optimal values parameters of strategy MSS.

The main features of problem (3) are two: firstly, there are no analytical expressions for the
objective functions that would associate their values with the parameters of the functions, and sec-
ondly, this is a complex structure of the space optimized parameters P__ (according to (3) this space

TOC

is three-dimensional and heterogeneous). These features do not allow the use of standard classical
optimization methods to solve problem (3).

The space in which the search for optimal values E° , U’ and T should be carried out is a
cartesian product of the following form (Fig. 1)

{E,.}x[0.1°" x[0,0), @)
LELY
where {E_} - is the set of all sets E__;
[0,1]‘ET°‘ - hypercube, each point in which is a vec-
[0, <) tor of dimension |E,, |, elements of the vector are num-
bers belonging to a segment;
[0 1]|Em| [0,%) - numerical axis containing all positive num-
’ bers.
Fig .1. The search space for Searching in such a space for a “point” representing
optimal solution an optimal solution P, = {E,,U" T, | is a difficult task

requiring use of non-standard approaches.
The article discusses the methodology for approximate solution of problem (3), based on the
application of the ISM, which is implemented in the ISMPN program [10]. With the help of the ISM,
the estimates of the objective functions T, and c, taking into account the maintenance are determined

by modeling. The problem is solved in the mode of interactive user dialogue with a personal computer
(PC).

The idea of the methodology consists in the sequential (step-by-step) formation of set E_ by
including in it at each step one element taken from the base set E_ of all potentially serviced ele-

ments. The set E._ is set by the user (E,, < E,) [11,12]. It is assumed that before starting to solve

the problem, a database (DB) was created (using the ISMPN program), into which all the necessary
information about object RET for which this problem is solved is entered. The content of the meth-
odology is most conveniently stated by presenting it in the form of an algorithm (Fig. 2). Let us briefly
consider the operation of this algorithm.
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Operator 1 indicates preparatory op-
erations: auxiliary sets E; wu U are cre-

ated (in the PC memory) and in which the
corresponding elements of the future solu-

tion E, u U’ will be formed and. At first

they are empty. The variable i is initiated,
with the help of which the number of com-
pleted steps in the process of solving the
problem will be calculated. Operator 2
generates number of the next step.

At the beginning of each step, one

element e, must be added to the set E

TO !

taken from the set E__ (operator 3). These

actions are performed by the user "manu-
ally" in the Database mode of the ISMPN
program. The choice of elements to in-
clude them in the set is recommended to
be made in order of increasing level of re-
liability.

After adding a new element to set
E,, , calculations are carried out using the
ISMPN program (in Optimization TO |
TO “by state” mode). In fig. 2, these ac-
tions are presented by operator 4. As a re-

sult of the calculations, function u_;(T,),

c,(T.) and T, (T,) schedules are gener-

ated, and in a given range of control
D(T,) periodicity values.

The results obtained during the
modeling process always contain a ran-
dom component, therefore, these graphs
are formed as average estimates accumu-
lated by the results repeated repetitions of
calculations. The user monitors calcula-
tion process and interrupts calculations as
soon as he considers achieved accuracy of
the graphs sufficient for practical solu-
tions. The form of obtained graphs for ex-
ample considered below is shown in Fig.3.

(M), ¢ (T,) and T, (T,), and it turns out as the accumulated
(level of MS element ¢, ), added in E;, in current step.

level, value corresponding to minimum of indicator is

u:oi(TK):C3(E;_oi’U:0i'TK)_> min ) (5)
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where U ={u’ ,...,u’. ,,u_.} —is vector in which u’

Toi

.,u’. . —are conditionally optimal values

Tol7"* TOI-

of MS u_; — levels found in the previous steps and stored in database, is value of MS level of i-th
element varied in the current step.

Ongraphs c¢;(T,) and T, (T,) displays estimates of the corresponding indicators and found as
T.)and T, (E;
trol T, is carried out in a user-defined range of values D(T ). The range of variation D(T ) is se-
lected by the user in such a way as to ensure that a minimum of function ¢ (T,) (if one exists) falls
within him and an acceptable accuracy of solution.

Based on obtained schedule c; (T, ), conditionally optimal value of the monitoring periodicity
is determined T.” (operator 5):

a result of modeling are displayed c, (E. T.) . Varying frequency of con-

TOi ! Tol’ TOi ! Tol’

T :c/(T)=min c'(T). (6)

T.eD(T,)

For the found value T.” from graph u;,
MS u;, =
performed by the user “manually” in Database mode [10]. After that, value u’ . is stored as i-th

(T.), determine the conditionally optimal value of level

TOi

" (T.") (operator 6). Save obtained value u_, in database (operator 7). This operation is

TOI I

element of vector U

Toi *
Then, according to schedule T, (T ), determine value T,” - mean time between failures
achieved in current step (operator 8).
Check compliance with the requirement T,” > T,® (operator 9). If this requirement is fulfilled,

process of solving problem is completed, conditionally optimal parameter values are obtained, E’ ,

U’ and T  are accepted as approximately optimal values E; , U and T (operator 11), an ap-

TO !

proximate solution is obtained P, {E U..T, }

If condition T,” > T," is not fulfilled, it is necessary to check if there are more elements that can
be included in set E (operator 10). If there are any, it is necessary to continue the process of
searching (forming) a solution to the problem, proceed to the next step of solving the problem (oper-
ator 10 transfers control to operator 2). Otherwise, if all potentially serviced elements E_ have been

exhausted, it is concluded that there is no solution to problem (3) under given conditions.
In fig. 3 shows the view of the PC screen after completion of the simulation at the next step of
solving the problem (after executing operator 4).
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Figure 3 - The view of PC screen after completing calculations in the 1-st step

Findings. The methodology for determining approximately optimal parameters of strategy MSS
described in this article is intended for use in the development process of RET object. The technique
allows the early stages of development to pre-evaluate the possibility of increasing the level of relia-
bility of an object due to maintenance. At later stages of development, when all technical solutions
have already become known, elements for which there are measurable determinative parameters be-
come known, preliminary estimates of the necessary parameters of MSS can be refined and corrected
design decisions. Corresponding refinements to calculations should be made each time when accurate
data on the reliability of component parts appear. Thus, the developed technique and its supporting
software can be an effective means of reliable analysis of the RET object at all stages of its creation.
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OIITUMIBALISA TEXHIYHOI'O OBCJIIYI'OBYBAHHSI CKJIAJHUX OB'EKTIB PAIIOE-
JEKTPOHHOI TEXHIKH

Y cmammi pozenanymi moodeni onmumizauyii npoyecy mexuiunozo oociyzosysanna (TO) cknaonux
06'ekmie paodioenekmponnoi mexniku (PET). Cpopmynvoeano nocmanosky 3adaui 6u3HaueHHs OnmMu-
MmanvHux napamempise cucmemu TO 06'ckma onsa eunaokxy, akuio 3acmocogyecmucsa cmpamezia TO 3a cma-
Hom (cmpamecia TOC).

B akocmi kpumepilo onmumizayii 6UKOPUCHOBYEMBCA BUMO2A MIHIMYMY RUMOMOT 6apmocmi exc-
niayamauii 06'ckma Ha 3a0aHoOMy nepiodi 11020 eKCHayamauii 3a ymosu 3a0e3neuents HeoOXiOH020 pieHA
be3siomoeHocmi 00'ckma, uio OUIHIOEMBCA NOKAZHUKOM (CEPeOHE HANPAUI08AHHA Ha 8iomoeyy. Linboei
Gynxuyii 3a0aui onmumizauii euznavaromoca waaxom mooenioeannusn npovecy TO i pemonmy (TOIP) 06'e-
kma. Ilicto 06cmasunoro nosacHOEmMbca UGIp Memooy NOULYKY HADIUIHCEHO ORMUMATTbHO20 PDileHHA 3a-
0ayi: 6UKOPUCHOBYEMbCA HAUINPOCMIWUIL PEeIaKCAUTHHUIL MemoO nPAMO20 nepedopy, Keposanuil aroou-
HOI0-eKcnepmom, GUPIAIbHUM Ye 3A60AHHA 6 PEeNCUMI IHMEPAKMUBHO20 0iano2y Kopucmyeada 3 Komn'-
omepom.

Buxnaoena 6 oaniii cmammi Memoouka 6U3HAYEHHA HAOIUINICEHO ONMUMATbLHUX RAPAMEMPIs
cmpamecii TOC npusnauena ona 3acmocyganns é npoyeci po3pooku 00'ckma PET. Memoouka 0o3éonae
Ha PpaHHiX cmaodiax po3pooKu NONEPeOHbO OUIHUMU MONMCTUBOCHT NIOGUWLEHHA PIGHA 0e36i0MO6HOCHI
00'ekma 3a paxynok nposedennsn TO. Ha 6invu niznix cmaoiax po3pooKu, Koau eyice Cmaroms i0omMumu
6ce mexHiuHi piuieH s, CAlonmb i00OMUMU elleMeHmU, 01 AKUX € GUMIPIOGAHI 6UHAUAIOMb RAPDAMEmPU,
nonepeoni oyinku Heo0xionux napamempie TOC modicna ymounioeamu i KOpekmysamu KOHCHIPYK-
mopcuKi pinienns. Bionogioni ymouneHHs po3paxyHKie c1i0 npo8oOuUmu KodyceH pas npu noAaei ymouHeHux
OaHUX NPO HAOIHICIb KOMNJIEKMYIOUUX eJleMeHmie.

Pospooneno npozpamme 3abdezneyenns (I10) ona komn'romepnoi niompumxu npouecy NOULYKy
pimenns. I10 pospooneno 3acovamu npozpamyseanns Delphi.

Kniouoei cnoea: 06'ekm paodioenekmponnoi mexHiku, mexniune o0ciy208y8anHs, cepeoHe Hanpa-
UI0BAHHA HA 8IOMOBY, NUMOMA 6APMICINb eKCnayamayii, iMimauyiitne cmamucmuine Mooear08anH,.

1.T.H., mpo$. Jlenkos C.B., k.T.H ban3ak I'.B., k.T.H., c.H.c. 2Kupos I'.b.,
K.T.H., C.H.C. OxpamoBuuy M.H., k.1.H. [Ipouenko SI.H.
ONITUMMBAIINA TEXHUYECKOTI'O OBCJIY KUBAHUSA CJIOKHBIX OBBEKTOB PA-
JTUOAJIEKTPOHHOM TEXHUKHA

B cmamuve paccmompenst moodenu onmumusayuu npouyecca mexuuyeckozo oovcayycusanusn (TO)
CNLOIHCHBIX 00BeKmoe paduoinekmponunoi mexnuxku (PIT). Cdhopmynupoeana nocmanoska 3adauu onpe-
OeleHusn OnmumanbHbix napamempos cucmemvt TO 006vexkma 0nsa cayuasn, eciu npumMeHsaemcsa cmpame-
eus, TO no cocmosanuio (cmpamezusn TOC).

B kauecmee kpumepus onmumu3zayuu UCHONABL3YEMCA MPEOOGAHUE MUHUMYMA YOETbHOU CHIOUMO-
cmu IKCRAyamayuu 00veKma Ha 3a0aHHOM REPUOOE €20 IKCHIIYAMAyUU RPU YC108UU 0Decnedenus mpe-
0yemozo yposusa 6e30MKA3HOCIMU 00beKma, OYyeHUBAeMblil NOKa3amenem «CpeoHsas HapabomKka Ha om-
ka3». Ileneevie hynkyuu 3a0auu onmumuzayuu onpeoensiomcsa nymem mooeauposanus npovecca TO u
pemonma (TOuP) ob6vexkma. Imum 06cmoamenbcmeom 00vbACHAEMCA 6blOOP Memooa NOUCKA npuodIu-
HCEHHO ONMUMATIbHO20 PEUIeHUA 3A0a i UCROTIL3YENC RPOCM eIl PeNaKCayuoHHbLIL MEM 00 RPAMO20
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nepebopa, ynpasiiemlil 4e108eKOM-IKCREPHOM, PEUlalouum OAHHYI0 3a0auy 6 pexcume UHMePaKmue-
HO020 0uan02a nOIL308amMe C KOMNLIOMEPOM.

H3znoscennan 6 0aHHOII cmambove MemoOuKa onpedenenun nPUOIUNICEHHO ORMUMATILHBIX NAPaAMent-
poe cmpamezuu TOC npeonaznavena 013 npumeHenus 6 npoyecce paspavomku oovexma PIT. Memo-
OuUKa no3eo0Jiaem HA PAHHUX CHAOUAX PA3PAOGOMKU NPEOAPUMETbHO OUEHUMb 603MOMNCHOCHLI NOBbIULe-
HUA ypoeHsa bezomKazHocmu oovekma 3a cuem nposedenus TO. Ha 60nee no3onux cmaousax pazpaoomku,
K020a yice CMAHOBAMCA U3GECHIHbLIMU 6Ce MEXHUUECKUe PeuleHUsA, CMAHOGAMCA U3BECMHbIMU Jile-
MeHmbl, 0711 KOMOPbIX UMEIOMCA UmMepaeMble onpeoeiaoujie napamempnl, npeosapumeibHble OUeHKU
Heobxo0umbix napamempos TOC MoxcHo ymouHAmMb U KOPPEKMUPOBAMb KOHCMPYKMOPCKUE peuleHus.
Coomeemcmeyoujue ymouHeHUA paciemos ciedyen npou3co0ums Ka)xcowlil pa3z npu NoAGIAEHUU Ymoy-
HEHHBIX OAHHBIX 0 HA0EHCHOCMU KOMNIAEKMYIOUWUX IT1eMEeHM0G.

Pazpabomano npozpammnoe obecneuenue (110) 011 KOMRbIOMEPHOT NOOOEPIHCKU RPOUECCA NOUCKA
pewenus. I10 pazpabomano cpeocmeamu npocpammuposanus Delphi.

Knioueevle cnosa: o6vekm paouoirnieKmpoHHol mexHuKu, mexHuyeckoe o0cayicusanue, cpeoHsas
HApabomKa Ha omKa3z, yoeabHAA CHOUMOCHb IKCHAYAMAYUNL, UMUMAUUOHHOE CIAMUCIMUYECKOe MOoOe-
Jauposanue.
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