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Abstract

The control of mechanical equipment availabilitpp&sed on the knowledge of its behaviour and tiptisnizes the timin
of corrective intervention. The equipment can operate ltpood conditions and even in the state of dedi@clacausing th
unscheduled high-cost interventiat any moment. During our study we have optimizathocharger availability
probabilistic modelling based on the turbochargstase parameters that define its degradation.
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Introduction The following are the most frequent forms of wear
in a compressor: adhesive wear or wear by metal to
The installation of a natural gas compressor plamhetal contact, wear by surface fatigue, corrosieany
consists of a whole set of equipment connectedn® oerosive wear and abrasive wear. Wear of the
another, and their forced stoppages disturb all tharbocompressors’ journal lines are of various $syped
natural gas transportation system. The operatistegy can relate to technological causes (design of bgsyi
reliability is preserved if there is provided fohet capacity of the Ilubrication system, construction,
reliability of operation of each apparatus, machineassembly and filtration), metallurgical causes étygf
piping and any device related to the technologicantifriction coating), behavior and quality of lidating
circuit [1]. One can envisage preventive repairkgdn oils. In case of abnormal wear, the longevity sgign
order to maintain and restore good equipmerdecreases and the journal line generally ends upeas
performance [2]. Due to the fact that these opeanati host of irreversible incidents that prohibit anyeogtion
are not undertaken until wear has reached a driticaf the compressor.
point and the equipment inevitably breaks down, iand
order to avoid frequent replacement of expensiwtspa Probabilistic approach to the problem under
which can be under permanent or periodical supervis consideration
by means of non-destructive test methods, it isreff
in the article to consider repairs based on theeowr The state of degradation of an element is
state of degradation of equipment parts. To befrefih  determined by variations of a state parametef the
the advantages of the maintenance policy it iss&ay value of the x parameter exceeds a certain threshold
to determine the optimal periodicities of equipment — which is tolerated and defined by the repair

repair cycles [3]. . e
P In ¥his c[ogltext it is necessary to determine thgechnology or technical specificationse, then the

optimal inspection periodicities of the equipmestng '€Pair becomes necessary, and is regarded as a
a probabilistic approach. We study the case wheR§€akdown. The parametex forms random process
turbocompressors are installed in compressor plants variations in time [4]. The parameter has a certain
increase gas pipeline transport capacity. Furthegmo distribution F(x,ty), the density f(xty), the

we consider turbocompressors with simulatedypectationE, o and the standard deviatid®, o at the

component series from a reliability point of view. i _ . )
section corresponding tég =0 (Fig. 1). During the

operating time these characteristics vary as fatow

Ext = Exo +aEL, (1)
* Corresponding author: Syt =Sxp +asSt (2)
kopeyb@nung.edu.ua where aE and aS are constant coefficients.
© 2015, lvano-Frankivsk National Technical After a certain operating timg the distribution of
University of Oil and Gas. the parametex will be F(xt) with characteristics
All rights reserved. determined by expressions (1) and (2).
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t=0 =T, £=2T, f=iT,
Figure 1 — Diagram of the random process variationsf the x parameter

If the periodicity of the cycles related to repafr equipment with respect to a given part is giventhsy
the given equipment isT, the total probability of expression:

undergoing a non-planned intervention after tfe i E(Tc) =CqQ+CrP=Cq(Q+A:P), (8)
period of the cycle is given by the expression: where Cy4 are total costs of an unplanned intervention,
Q =[1- F(Xe,iT¢)] ||_| F(X, jTe), () C,, are total costs of a planned intervention
1=0 Ac=CplCq.

where iT, is the time duration till theé"iperiod of the The specific cost of repair of the part under

repairing cycle, F(xe,iT¢)is the distribution function consideration is [5]:

of the state parametes, related to the moment,. . Ug =E(T:)Y/Tm, (9)
The probability of undergoing plannedwhere Y =(x, —X,)/aE is possible average duration

intervention at time t=iT; is presented by the of the part operation until the failure (x> X, ) if the

following expression: preventive intervention is not carried out.

. . i . The optimal periodicity is determined by the
R =[F(Xe:iTe = FOITOI T FOG L 1Te) - (4) Lesolution o?the quation' g g
j=0 !

In case of dividing the repair cycle into s intdsva dUs/dTc =0. (10)
and according to Bayes™ theorem [5], the probahilit _ )
which corresponds to an unplanned stoppage or the Results and discussion

equipment failure is given by the expression: ) . .
; We have considered a journal bearing of a

Q= lim Zs: [1- F(Xe,iTe)] |L| F(x,,jTe). (5) turbocompressor with the friction surfaces at tharing
S—toi j=0 interface being separated by a continuous layer of
The total probability corresponding to thelubricant. If the conditions of assembly, operatemd
rep|acement of parts for the equipment undépbrication are satisfactory, then the Iifetimeaq'burnal
consideration is given by the expression: bearing depends mainly on the fatigue strengthtb.ed
s i surface-to-surface contact. The contact between the
P=lim > [F(Xe,iT¢)=F(X,iTc][] F(Xr,jT¢)-(6) journal and the bearing having been repaired is not

S—ot®i= j=0 integral and after a certain operating time theghmess
In this case, the average service time of theipart of adjusted surfaces becomes blunt, and frictiofasas
given by the expression: are changed. At the same time the dimensions of the
s . S o parts vary with time in a random way.
Tm=1Im QT +X RT; ), 7 Having compared the results of measurement of
St i=1 the dimensions of worn and new parts, obtainedguain
where T, = (2i ~1)T,/2 andT; " =iT,. micrometer, with their nominal values, we obtair th

a(?mpirical distributions with a certain random vatea

Mathematical expectancy of the possible tot which is regarded as a state parameter of theupder
costs for planned and unplanned interventions ef th 9 P p
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Figure 2 — Dependence of the probabilitie®, P and R

on the repair cycle periodicity of the journal beaing
of the turbocompressor under consideration
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Te+1074, hours

Figure 3 — The average service timé&,, of the part

3
T¢ 1074, hours

Figure 4 — Specific costUs(T,)
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consideration. The treatment of wear measurement
results obtained at the initial timg = 0) shows that the

state variablex follows a normal distribution law with
parametersg, o = 018 mm and S, ;5 = 0025mm for

the journal bearings in turbocompressors. Basethen
results of wear measurement that correspond @002,
operating hours of20 turbocompressors exploited
under identical conditions and by using the expoess
(1) and (2) we have determined the values

aE=28108mm/h and aS=3500°mm/h. In
addition x, = 03 mm, X = 038mm and A; = 038.

The computation results are presented in Fig. 2.
The average time of good performance of journal
bearings up to the repair point is estimated by the
expression (7) and its dependence on the valudeof t
period T, is shown in Fig. 3. The value of the optimal

repair periodicity of the turbocompressor bearing,
obtained on the basis of expression (9), is estichat
15,500hours(Fig. 4).

Conclusion

The comparison of the obtained results and the
value of the actual periodicity of repair cycle sisahat
resort to a probabilistic approach allows a 28%ease
of the working life of the journal bearing in comagsors
under consideration, that is to say an increasg, 590
operating hours. This improvement has a great
significance from the point of view of the equiprhen
efficiency and availability.
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OnTumisauifa koediuieHTa rOTOBHOCTI
obnaaHaHHSA rasonepekadvyBasnibHOro arperarta

B. Koneii*, J[tc. Xanimi’
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Teano-OpankiecoKuil HAYIOHALLHULL MEXHIYHUL YHieepcumem Hagmu i 2asy,
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KonTponb koedilieHTa TOTOBHOCTI MEXaHIYHOTO 00JIa/IHAHHS Ia30IepeKavyBaIbHOTO arperara 3aCHOBaHO Ha
aHamizi iX CcTaHy, @O Ja€ MOXJIHMBICTb ONTHUMI3YBaTW TEPMiHM KOPHTYBAJIBHHX OIEpaliii TeXHIYHOTO
obciyroByBanHs. OOnagHaHHS MOKe (YHKI[IOHYBaTH y HOPMaJLHOMY CTaHI, a TaKOX y CTaHi Jerpagauii, aje B
Oynb-sIKMHd MOMEHT MOXXE BUKJIMKaTH HE3aIUIaHOBAHE BTPY4YaHHS 31 3HAUYHMMHU BHUTpaTaMu. Y JOCIHDKEHHI 3
BUKOPUCTAHHAM WMOBIPHICHOI MOJENi OINTHUMI30BaHO KOE(QII[iEHT TOTOBHOCTI TypOOHarHiTada 3ajekKHO Bif
nmapaMmeTpiB ii CTaHy, 0 BU3HAYAIOTH HOTO JAeTpaiallito Ta MOTiK BiJIMOB.

KimouoBi cnmoBa: eumpamu na 006cayeo8yeanus, koeiyicnm 20mMoHOCMI, HAOIUHICMb, ONMUMI3AYIS,
RIOWUNHUK, YACTMOMA PEMOHMY.
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