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MODELING OF THE PROCESS OF TECHNICAL SERVICE “IN CONDITION” WITH
FIXED MONITORING PERIOD

The simulation statistical model (SSM) developed in this work is designed to obtain estimates of
reliability and cost of operating an object, taking into account its composition, structure and reliability, and
taking into account maintenance. The model should reproduce (simulate) the process of technical
operation, which is formally described by the state and transition graph.SSM is based on the method of
simulation statistical modeling, using the concept of **calendar of events™.

The essence of the concept of the calendar of events and the mechanism of its application is as follows.
An array (representing the calendar of events) is created in the RAM (PC) of the PC, in which the values
of the scheduled time points of all the simulated events are recorded. In the process of modeling, periodically
“view” of all the elements of the array, and the definition of the smallest of the planned points in time. The
found minimum value is taken as the current model time, and the corresponding event is taken as the
current event. Then the “processing” of the current event is performed, which consists in imitating the
actions that constitute the essence of this event. The essence of TSC with a fixed periodicity of control is
that at the time of the control the measurement of the determining parameters of all the elements that are
potentially serviceable is taken. The model simulates (and handles) three types of events: "failure",
"control™ and ""TS". After each event is processed, the next event of the next type of event is scheduled. If
the current event is a “failure”, then a random running time of the same (failed) element is generated until
the next failure. If the current event is “control” (“TS”), the time of the next corresponding event is
scheduled. Obtained new values of the scheduled time are recorded in the calendar of events instead of their
previous values. The described process of analyzing and modifying the calendar of events repeats cyclically
throughout the entire simulation time.
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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.
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Formulation of the problem. The purpose and objectives of the study. The purpose of this
work is the scientific substantiation of methods for determining the optimal parameters of the
maintenance strategy “according to the state” of complex technical objects and the development of a
mathematical (algorithmic) model of a complex technical object with a fixed periodicity of control.

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).
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. The SMS is based on the method of simulation statistical modeling using the
concept of “event calendar” [8]. The essence of the concept of the calendar of events and the
mechanism of its application is as follows. An array (representing the calendar of events) is created
in the RAM (PC) of the PC, in which the values of the scheduled time points of all the simulated
events are recorded.

In the process of modeling, periodically “view” of all the elements of the array, and the
definition of the smallest of the planned points in time. The found minimum value is taken as the
current model time, and the corresponding event is taken as the current event. Then the “processing”
of the current event is performed, which consists in imitating the actions that constitute the essence
of this event.

The model simulates (and processes) three types of events: “failure” (transition 0 — 1),
“control” (transition 0 — 2), and “MS” (transition 0 — 3). After each event is processed, the next
event of the next type of event is scheduled. If the current event is a “failure”, then a random running
time of the same (failed) element is generated until the next failure. If the current event is “control”
(“MS”), the time of the next corresponding event is scheduled. Obtained new values of the scheduled
time are recorded in the calendar of events instead of their previous values. The described process of
analyzing and modifying the calendar of events repeats cyclically throughout the entire simulation
time.

The essence of MSC with a fixed periodicity of control is that at the time of the control the

measurement of the determining parameters U, (t) of all the elements that are potentially serviceable
is taken. If the measured value of the normalized determining parameter exceeds the specified value
of the MSu__, level, the i-th element is updated (replaced).

We have already said that in order to model failures, we use the D -distribution, which is the

WF-model of failures. This means that each failure is interpreted as an event consisting in the output
of the determining parameter of the element beyond the permissible limits (the value of the

normalized determining parameter U, (t) has reached the value 1). If we assume that the average

resource of an element decreases linearly with time (such an assumption is the basis of the WF-
model), then the value of the average residual resource at an arbitrary time t is equal to
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ﬁ|(t) :Tcpi -t (1)

where - T_ average time to failure of the i-th element.

If during the simulation we know that the failure of the i-th element will occur at the moment
of time t; (this is the planned failure time), then the residual resource of the i-th element at the moment
of time t is equal to

R(t)=t —t. (2)

The value R (t) in this case is a random implementation of the residual resource.

The residual resource R (t) can be associated with the value of the normalized determining
parameter, the value of which can be determined as follows:

R (t
u( =18, ®
Ry
where - R, random implementation of the full resource of the i-th element, the value of which is
equal to
ROi (t) =1 =l (4)
Taking into account (2) and (4) instead of (3) we can write down:
t-t
u(t)=—> (5)
(t) —

i 0i
where t - is the current monitoring time;

t,, - ast time the i-th item was last updated;

t. - the scheduled failure time of i-th element.

The condition for the achievement of a given level by the determining parameter u. (t) in this
caseU_,; is written in the form of the following inequality:

L1, +U, (ti _tOi)' (6)

If the serviced element is a redundant group of elements, then the degree of group proximity to
the failure state is determined by the value
(t)

0 =" )

where Nn. - is the number of elements in the reserved group;
n; (t)- the number of workable elements in the reserved group at time t.
The result of the algorithm are:
1) actions - rescheduling the time points of failures of elements subjected to maintenance, and
2) information - the duration of maintenance 7z and cost of maintenance C__ .

The main provisions of the considered MSC model were published in [8,9,10] and were tested
[11,12].



Conclusions. The methodical accuracy of SSM is determined by such factors:

- the initial reliability of the object (given by the indicators of the reliability of the elements);

- the number of implementations (duration) of the simulation;

- the specified duration of operation of the object.

Of these factors, the most significant is the first. In most practically interesting cases, the
relative error of the simulation results does not exceed 10-20%.

In this section IMS is designed to predict the reliability and cost of operation of a complex
technical object, depending on the parameters of the selected maintenance strategy.

The mode of modeling the regulated maintenance has been introduced in order to ensure the
completeness of the analysis of possible maintenance strategies of the projected object and predict
the possible gain in reliability and cost of operation of the facility by applying the strategy MSC.
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K.T.H., 10ol. ban3ak I'.B., /loopoBosbcska C.B., BosikoBa JI.M., Kyapsimos B.A.
MOJEJIOBAHHS ITPOLHECY TEXHIYHOI'O OBCJIIYT'OBYBAHHS «3A CTAHOM» 3
®IKCOBAHOIO INTEPIOJUYHICTIO KOHTPOJIIO

Po3poonaemuca 6 Oaniit pooomi imimayinuna cmamucmuyna mooenv (ICM) npuznauena ons
OMPUMAHHA OUIHOK NOKA3HUKIE Haldiiinocmi i eapmocmi excniayamauii 00'ckma 3 ypaxyeanHam ioz2o
CKN1ady, CIPYKmMypu ma HA0EHCHOCHHUX XAPAKMepucmuK i 3 ypaxysannam npogedeunn TO. Y moodeni
noeunen eiomeoproeamucsa (imimyeamucs) npouec mexHiuHOi eKcnayamauii, AKUl @opmanvHo
onucyemocs zpaghpom cmauie i nepexooie.



ICM po3pobnena Ha o0cHO8i Mmemoody imimauiiinozo CMAMUCIUYUHOZO0 MOOETI08AHHA, UWLO0
euxopucmogye nouammsa ''kanenoapa noodii". Cymb nonamms KaaeHOapa ROOIl i MexXaHizmy 1ozo
3acmocyeannsa noaszac ¢ Hacmynnomy. B onepamueniii nam'ami (OIl) IIK cmeoproemuvca macue (akuil
npeocmaensne Kainenoap nooiil), 8 AKUI 3ANUCYIOMbCA 3HAYEHHA 3aANIAHOBAHUX MOMEHMIE 4acy 6cix
Mooenvosanux nodiil. B npoueci moodenrosanns nepioouuno 3oiticnioemuvca ""nepeznad’’ ecix eremenmis
Macuey, i 6U3HAYeHHA HAUMEHU020 i3 3aNIAHO8AHUX MOMEHMIE Yacy. 3HalldeHe MIHIMalbHe 3HAYCHHA
RPUIMAEMBCA 8 AKOCMI NOMOYHO20 MOOEILHO20 HaAcCy, A 8i0N0GIOHE HOMY ROOIA - 6 AKOCHI ROMOUHO20
nooii. Ilomim nposooumocs ""oopooka’ nomounozo nodii, axka nonazace 6 imimauii oiil, W0 CMaAHOBIAMD
cymo yici nooii. Cyme mexuiunozo oocyzosysannus ,no cmany” (TOC) 3 ¢hikcosanoro nepioouunicmio
KOHMPONI0 NONA2AE 6 MOMY, WO 6 MOMEHH KOHMPONI0 RPOBOOUMBCA GUMIDIOBAHHA GUIHAYATLHUX
napamempie 6cix enemeHmie, NOMeHYIIHO AKI KOPUCMYBAY Modice 00CIyzoeyeamu.

Y mooeni imimyromuca (i 06pooaomsca) mpu munu nooiii: «iomoea», «kkonmpowvy» i «TOy. Iicna
00pOOKU K0XHCHOT ROOIT RPO6OOUMBCA NAAHYBAHHA YACY HACHYRHO20 HACMAHHA NOOIi 6i0N0BIOH020 MUny.
Axuwo nomouny nooito «8i0moea», mo 2eHepycmvbcsa 6UNAOK06A HANPAYIOBAHHA Yb020 ¢ (AKUIL 8i0MO6UE)
enemenma 00 HacmynHoi giomoeu. SIkuyo nomoumny noodio «koumponwvy («TOp»), naanyemoca uac
HACMYNHO20 6i0N06IOH020 nOoJdil. OmpumaHni HOGI 3HAUEHHA 3ANIAHO6AHO20 UYACY 3ANUCYIOMbCA 6
KaneHoapi noodiil 3amicmp ix Konuwinix 3Havensv. Onucanuil npoyec ananizy ma Moougikauii Kanenoapsa
nOOIll NOBMOPIOEMBCA UUKTIUHO RPOMALOM YCbO20 UACY MOOEIOCAHHSL.

Kniouoei cnoea: imimauyiitna cmamucmuuna mooens, peicum mMoo0enio6anis, XapaKmepucmuKku
HaodiliHoCcmi, KajleHOap nooiil, mexHiuHe 00C1y208y6aHHA

K.T.H., 1ol. ban3ak I'.B., /loopoBosibckas C.B., Bo3ukosa JI.M., Kyapsamos B.A.
MOJEJHUPOBAHUE NPOLUECCA TEXHUYECKOI'O OBCJHIYXNUBAHUSA «I1O
COCTOSTHUIO» C ®UKCUPOBAHHOM NEPHOINYHOCTHIO KOHTPOJIA

Pazpabamovieaeman 6 OaHHOU padome uMumayuoHHAA cmamucmuyeckas mooeas (UCM)
npeonasnauena 017 NOJIYyYeHUs OUEHOK NOKazamesell HAOEHCHOCHU U CMOUMOCHU IKCHIyamayuu
o0veKkma c yuemom e20 cocmaea, CHMPYKmMypovl U HAOEHCHOCHMHBIX XAPAKMEPUCMUK U C YUemom
npogedenun TO. B moodenu O0ondxcen 60cnpou3so0umvcs (UMUMUpo8amvcs) npouecc MmMexXHUu4ecKkoil
IKCHIIyamayuu, KOMopulii hopmMaibHO ONUCLLEACHICS 2PAPOM COCMOAHUIL U NEPEXOO08.

HUCM paspabomana na ocrhoge memooa UMUMAUUOHHO20 CMAMUCHMUYECKOZ0 MOOETUPOSAHUs,
UCnoNL3yIUezo nonamue “kanendapa coovimui”. Cymov NOHAMUA KANEHOAPA COOLIMUIL U MEXAHUZMA
e20 npumenenus cocmoum 6 cineoywuiem. B onepamuenou namamu (OII) IIK cozoaemcsa maccue
(npedcmagnarouiuil KaneHoaps coodbimuil), 6 KOMOPLLI 3ANUCHIEAIOMCA 3HAYEHUA 3ANIAHUPOSAHHBIX
MOMEHM OB 6PEMEHU 8CEX MOOETIUPYEMBIX COObIMUIL.

B npouecce mooenuposanus nepuoouydecku ocywiecmensiemcs “npocmomp” ecex 1€eMeHMmO8
Maccuea, u onpeoeneHue HAUMEHLUIECO U3 3ANIAHUPOSAHHBLIX MOMeHmo8 epemenu. Haiidennoe
MUHUMAQIbHOE 3HAYUEHUEe HPUHUMAEMCA 6 Kauecmee MEKyuiez0 MoOeIbHO20 6PEMEHU, a
coomeemcmeyouiee emy coovlmue — 6 Kauecmee MeKyuiezo coovimus. 3amem HPOU3IBOOUMCA
“obpabomka” mekyuiezo coovimus, KOmMopas 3aKnOYAeMCcA 6 UMUMAUUU OeliCEUll, COCMABAAIOUUX
cymp 3mozo coovimus. Cymo mexnuuecko2o oocayxycusanus ,no cocmosauuio” (TOC) ¢ puxcuposannoii
HEPUOOUYUHOCHIbIO KOHIMPOAA COCHOUN 8 MOM, YMO 6 MOMEHH KOHMPOAA RPOU3EOOUMCA UMeEPEHUe
ONnPedenAIOUUX NAPAMEMPOE 6cex IJ1EMEHM 08, ROMEHYUATLHO NoOeHcauux odcayycusanuio. B modenu
umumupyilomea (u oopadameléaomcsa) mpu muna coovimuil: «omkaszy, «konmpoavy u «T0». Ilocne
00padomKu Kaxcoo2o coobimus NPOU3EO0UMCA NIAHUPOGAHUE 6PDEMEHU CedyIouLec0 HACHYNAeHUs
codvimua coomeemcmeyioujezo muna. Ecnu mexyuiee codovimue «omkaz», mo 2enepupyemcs cayuaiinas
Hapabomka Imoz20 e (omkazasuiezo) rnemenma 00 ciedywuiezo omkaza. Ecaiu mekywiee codvimue
«konmponwvy («TO»), nnanupyemcsa epema ciedyrwouiezo coomeemcmeyouiezo coovimus. Ilonyuennsie
HO6ble 3HAYEHUA 3aNnI1aHUPOBAHHO20 GPEMEHU 3ANUCLIBAIOMCA 6 Kalenoape cOObIMuUIl emecmo ux
npescnux 3navenuil. Onucannwlii RPoyecc aHaIU3a U MOOUPUKAYUU Kalenoapa cooblmuii HO8MopAencs
UUKIUYECKU 8 meYeHUe 6Ce20 6peMent MOOeIUPOGaHu .

Knrouegole cnosa: umumayuoHHas CmMAMUCMUYECKA MO00€1b, PeHcUM MOOETUPOCAHUA,
XapakmepucmuKku HadeicHOCmu, Kanenoapsv coovtmuii



