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COMPARATIVE STUDY OF DIFFERENT MAINTENANCE STRATEGIES

Complex technical objects are understood as objects consisting of a large number of different types
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 for various elements fundamentally different physical processes (and, consequently, rates)
of degradation are characteristic, leading to their failures. Objects can have an arbitrary reliability structure
(as arule, serial-parallel). The structural structure of such objects is usually hierarchical, that is, an object
consists of subsystems, subsystems consist of units (cabinets), units - of devices (blocks), etc.

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 the 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 the 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 level of reliability 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 the structure of maintenance system, choose the most acceptable
maintenance strategy, and determine its optimal parameters.

This paper provides a comparative study of various maintenance strategies. The paper also confirms
that the optimal parameters of various maintenance strategies significantly depend on both the reliability
and cost structure of object and the specified requirements for the level of reliability of object.

Keywords: maintenance, maintenance strategies, facility availability, component parts.

Introduction. The complexity of maintenance processes (MS) and the variety of factors
influencing them significantly complicate the choice between different maintenance strategies. For
an objective comparison of the advantages and disadvantages various maintenance strategies, it is
necessary to ensure the approximate equality (sameness) of conditions in which they are applied.

When comparing different maintenance strategies, we will be guided by the following
principles:

- it is possible to compare different maintenance strategies only by the results of their
application to the same object;

- test objects (on which a comparison of maintenance strategies is made) should be comparable
in terms of the structure time and cost costs for maintenance and maintenance;

- indicators of the quality maintenance process (objective functions), according to which the
comparison of various maintenance strategies is made, should be evaluated at the same intervals of
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the object's operation and with the same parameters of modeling process (if the comparison of
maintenance strategies is made according to the simulation results);

- characteristics of the maintenance process obtained with the optimal parameters of the
maintenance strategies should be compared, that is, potential capabilities of various maintenance
strategies should be compared.

Analysis of previous studies. The “surge” in the number of theoretical works on the
maintenance of complex systems falls on 70s 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 -
5]. 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 components. Thanks to this, the developers of sophisticated
equipment were able to solve the issues of ensuring 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 the need for
maintenance and choice of optimal strategy for its implementation again becomes relevant.

Unfortunately, the currently known mathematical models and methods for calculating the
optimal parameters of MS 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
[5-7].

Main part. In this study, 4 test objects are used, which differ in their reliability and structural
characteristics. This, among other things, allows you to check and simultaneously demonstrate the
"performance” of developed methods for determining the optimal parameters of various maintenance
strategies for different initial data.

To ensure the comparability of structure time and cost costs for maintenance and current repairs,
the same for all elements and objects characteristics of maintainability and cost were set:

- average recovery time of an element 7= 1 h;
- average duration of maintenance 7, = 1h;

-item cost C, =10 c.u,;
- cost of operation current repair (replacement) of the element Cmi =1lcu.;

- cost of MS operation elements C_. =1 c.u.

Technical diagnostics systems characteristics for test objects are set as follows:
- duration of diagnostics at MS 7 = 0.5 h;

- cost of the diagnostic operation at MS Cl1 =1lc.u.

The same for all test objects are also set the indicators depending on the purpose of object —
specific cost losses incurred by the external system (in which this object is used) in the object failure
state C___=c.u./ h, and in MS state = 1 c.u./ h.

For all test objects, according to the developed methods, optimal parameters for three

maintenance strategies were determined. For brevity, as before, we will call them: “MS by state”,
“adaptive MS” and “MS by resource”.

All calculations were made for the duration of operation T = 20 years with continuous

operation of the facilities.
The optimal parameters of various maintenance strategies were determined under the idealized
assumption of existence for test objects of measurable determining parameters for the least reliable

elements related to the set of recoverable elements E_. The subsets of potentially serviced items E |
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were specified in such a way that they included all the least reliable items. The test objects do not
contain elements whose reliability would be lower than the reliability of any elements E_ (E c E)).

Obviously, under this condition, with the optimal parameters of maintenance strategies, the
maximum, potentially possible efficiency of maintenance is provided, which is most likely

unattainable in practice.

Table 1 - 4 presents final results of calculating the optimal parameters of various maintenance
strategies. In fig. 1 - 4 show the graphs of the mean time between failures T, and the unit cost c,, of

operation versus the number of serviced elements, obtained with the optimal parameters of
corresponding maintenance strategies.

Table 1
Comparative evaluation of indicators Ty, ¢, and K, for object Test-1
with different maintenance strategies
Maintenance strategy MS Adaptive MS MS Without MS
condition by resource

= Ty, h 1660 1662 1609 1236

ey

> s | C,.culh 0,01461 0,01408 0,01695 0,02187

% § K., 0,99851 0,99877 0,99689 0,99919

2 & 0,180 0,179 0,184 0,085
Optimal maintenance | |g* [=3 E*|=3 N2 =L

strategy ° K .
parameters U’ ={0,5;0,4;05} | U ={05;04;05} | |Es1|=3 -
(T,” = 1500 h) T =1200h 7y =0,45; =0, T.=1400h
Table 2
Comparative evaluation of indicators Ty, ¢, and K for object Test-2
with different maintenance strategies
Maintenance
MS - MS .
strategy e Adaptive MS by resource Without MS

3 T,.h 695 702 676 294

S

S %

%6 | Cu c.u/h 0,09852 0,08801 0,12009 0,66572

% E " 0,98610 0,99374 0,97564 0,99708
E e 0,111 0,112 0,113 0,069

~ Optimal E:|=5 E:|=5 N =1
maintenance strategy .
parameters U, ={0,55;0,45; U’ ={0,6;0,55;0,6, | |Era|=> -
(TOTP =600 h) 0,25,0,6,0,5} 0,510a6} TTZ =240 h
T =250h 7 =045, =05




Comparative evaluation of indicators Ty, ¢, and K, for object Test-3
with different maintenance strategies

Table 3

Comparative evaluation of indicators Ty, ¢, and K, for object Test-4
with different maintenance strategies

Maintenance :
MS . MS Without
strategy condition Adaptive MS by resource MS
8 T,,h 15194 15136 15009 9458
S %
> & | C,.culh 0,00154 0,00151 0,00169 0,00232
% E K. 0,99982 0,99984 0,99967 0,99978
g g 0,487 0,448 0,493 0,367
Optimal E:|=3 A2k N:=1
maintenance . . ..
strategy U, ={0.5,0,5; UL E...|=4 ]
parameters 0,5} ={0,7;0,6;0,5} T =16000 h
(T,”=15000 h) | T, =10500h y'=04; B=05
Table 4

Maintenance strategy MS . MS Without
condition tei R by resource MS
2 TO, h 6575 5566 4879 914
S %
E’_E C . c.u/h 0,00668 0,00637 0,01180 0,02296
g5 | K, 0,99736 0,99776 0,99323 0,99890
E £ 0,268 0,209 0,311 0,113
E |=4 E;|=3 N, =3
U’ ={0,5;0,55; U’ ={0,55;0,55; Eoi|=3
Optimal maintenance 0,65;0,85} 0,55} T: =600h
strategy T.=500h 7"=05; p=0,5 E* |=3
parameters 2|~ -
(T,” =5000 h) T:,=6000h
E .l=4
T, =22000 h




Y o
- A N -
B N

Figure 1 — Graphs of dependence indicators T;" and c;, on the number of serviced elements for

various maintenance strategies (object Test-1):
1 - maintenance by condition; 2 - adaptive maintenance; 3 - maintenance by resource
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Figure 2 — Graphs of dependence indicators T," and ¢, on the number of serviced elements for

various maintenance strategies (object Test-2):
1 - maintenance by condition; 2 - adaptive maintenance; 3 - maintenance by resource
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Figure 3 — Graphs of dependence indicators T;" and c;, on the number of serviced elements for

various maintenance strategies (object Test-3):
1 - maintenance by condition; 2 - adaptive maintenance; 3 - maintenance by resource
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Figure 4 — Graphs of dependence indicators T, and c;, on the number of serviced elements for

various maintenance strategies (object Test-4):
1 - maintenance by condition; 2 - adaptive maintenance; 3 - maintenance by resource

Based on the results obtained, following conclusions can be drawn:
1. The best in terms of mean time between failures T, and unit cost of operation C,, is the

“adaptive maintenance” strategy. This is followed by “maintenance by condition” strategy. The worst
is the “TO by resource” strategy. The maintenance strategy is considered the best if graph of the

function T, is located higher (for the function C;ﬂ — lower) in relation to the corresponding graph

for compared strategy. The maintenance strategy, the best in terms of performance T, , is usually the

+
ya !

best in terms of performance C__, and vice versa.

2. The strategies “maintenance by condition” and “adaptive maintenance” are very similar in
terms of the obtained indicators. This is due to their common essence — during maintenance,
information about the actual current state of the object is used.

3. The effectiveness of various maintenance strategies depends significantly on the reliability
and cost structure of the object. If distribution of the cost restored (including serviced) elements is
closely correlated with the distribution of their reliability indicators, difference in effectiveness of
different maintenance strategies is reduced. This is clearly seen on the example of Test-2 object, for
which the least reliable elements are also the most expensive.

4. The optimal parameters of various maintenance strategies substantially depend on both the
reliability and cost structure of the facility and the specified requirement for the facility's reliability

T," . The higher the specified value T,” , more serviced items should be included in the optimal
maintenance strategy.
For Test-4 object, the specified requirement T,” = 5000 h with the optimal strategy of

“maintenance by resource” is not provided (despite the fact that all potentially serviced elements have
been used).

The “adaptive maintenance” strategy has not been studied separately. The adaptive maintenance
parameter [ (exponential smoothing constant) was set equal to 0.5 for all test objects. This
corresponds to a neutral situation, when the “weight” of initial data on the reliability indicators of
elements (a priori information) and data on the actual measured values of determining parameters
(posteriori information) is approximately the same.
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K.T.H., 1oi. ban3ak I'.B., n.1.H., c.H.c. CesmokoB O.B.,
_ bounapenko T.B., /loopoBoibcbka C.B.
MNOPIBHSJIBHE JOCJI’)KEHHS PIBHUX CTPATEI'IM TEXHIYHOI'O OBCJIYT'OBYBAHHS

Ilio cknadnumu mexHiyHUMU 00'€KmMamu po3ymilomuvcsa 00'eKmu, w0 CKIAOAIOMbCA 3 6EIUKOZ0
yucna pi3HOMURHUX e1eMEHmIE (0eCAMKU, COMHI MUCAY), KOIHCEH 3 AKUX MOMHCE AGIAMU CODOI0 docump
CcKknaonuil mexHiynui npucmpii. Enemenmu modxcyms oymu paodioereKmpoHHUMU, MeXAHIYHUMU,
eleKmpomexaniunumu, 2iopasniunumu, i m.o. Piznomunuicms enemenmie npuzeooums 00 mozo, wio 011
Pi3HUX eleMenmie Xxapakmephi npUHYUNoe6o pizni Gizuuni npoyecu (i, omoice, wieuoOKocmi) dezpadauii, wio
npu3e00ams 00 ix 6iomos. Q0'ckmu morxcymov mamu 008inbHY HAOIIHICIMHY CIMPYKMYpPY (AK npasuno -
nocniooéno-napanenshy). Koncmpykmuena cmpykmypa makux 06'ekmie 3azeuuaii iepapxiuna, moomo,
00'ekm cknadaemuvea 3 niocucmem, niocucmemu cKaaoarOmuvca 3 azpeeamise (wiagh), azpezamu - 3
npucmpoie (610kis), i m.0. Xapaxmeproro 0codausicmio cK1a0HUX mMexHiunux 00'ekmie cneyianvnozo
HPUBHAYUEHHA € HAAGHICMb 6 IX CK1aodi 6enuxoi Kinbkocmi (Oecamku, cOmHi mucay) pi3HOMURHUX
KOMNJIEKMYIOUUX enemenmis, aKi maiomy pizHuil pieenv HAOIHOCHI, PI3HI 3aKOHOMIpHOCMI npoyecia ix
3nocy i cmapinna. La ocobnusicms eumazace 6inour monkozo nioxody oo opzanizayii i naanyeannsa TO ¢
npoyeci ix excniyamauit.

Ilpobnema nonszac 6 momy, wio npu po3pooui maxux o00'ckmie 6ci numaHHs, NO6'A3AHI 3
PEMOHMONPUOAMHICHIO | MEXHIYHUM 00CTIY208Y8AHHAM ROGUHHI GUDIULYBAMUCA 8JHC€ HA PAHHIX eMaAnax
npoexkmyeanna 06'ckma. Axuwio ne nepeddauumu 3a30aneciob HeoOXiOHI anapamui i nPozpamHi 3acoou
60yooeanozo xoumpoato mexuiunozo cmany (TC) 06'ekma, akugo ne popooumu i ne ""eoyoyseamu’ 6
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00'ekm mexnonozito nposedenns TO, mo peanizyeamu 6 MAUOYMHLOMY MONCAUBUIL GUZDAL 6
be38iomoenocmi 06'ekma 3a paxynok nposedenna TO ne eédacmuvca. OcKinvbKu 6ci yi NUMAHHA NOGUHHI
eupiwiyeamuca Ha emani cmeopenHs o00'ckma (Koau o6'ckma wie Hemac), HeOOXIOHI mamemamuyHi
mooeni npouyecy TO, 3a 00nOM02010 AKUX MONCHA OY10 6 NPOPAXyeamu MOMNCAUGUI euzpaui 6 PiGHI
be38iomoenocmi 06'ekma 3a paxynox npogedennsn TO, oyinumu HeoOXiOHI 012 Yb020 6apmicHi gumpamu.
Ilomim na niocmaei maxux po3paxyHKie NpuiiHamu piuieHHs npo HeoOxionicmov npoeedennna TO ona
0anozo muny 00'ekmie i, AKu 0 maxe pinieHHs RPUIHAMO, po3podoumu cmpykmypy cucmemu TO, eudpamu
Hauioinew npuiinamuy cmpameczito TO, euznauumu it onmumanvHi napamempu.

Y oaniii pobomi nposooumvca nopienAnbHE O00CHIONCEHHA PIZHUX Ccmpameziil MeXHIYHO020
oocnyzoeyeanna. Takooc 6 podomi niOmeepoOICYcmubCa, w0 ONMUMAIbHI RApAMempu pizHUX cmpamezii
TO icmommno 3anexcams AK 6i0 HAOEIHCHOCMHO20-8APMICHOI CMPYKmMYpU 00'ckma, mak i 6i0 3a0anoi
eumozu 00 piensa be3eiomosnocmi 06'ckma.

Kniouosi cnoea: mexniune 00cay2o8ysanns, cmpamezii MmMeEXHIUHO20  00CIY208Y8aHHA,
0e36iomoenicmp 00'ckma, KOMRIEKMYIOUi eemMeHmu
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