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Abstract—The errors in determination of the reserved electronic system reliability are inherent to the
process of its diagnosing. It leads to system performance degradation including the faultless probability
decrease. This paper covers the development and investigation of reserved system diagnostics mathematical
model. This model takes into consideration the reservation order, the diagnosing tool credibility
characteristics, monitoring periodicity and the system imperfect quality at functioning initial time instance.
Diagnosing tool performs the electronic system operability indication function after switching to last
redundant unit but not the unit switching function. This excludes the impact of the ‘“false fault” type
monitoring errors and improves the electronic system reliability. The reasonable control of a tolerance
value ensures maximum probability of the system no-failure operation at every current moment of time.

Index Terms—Electronic system; reliability; monitoring periodicity; probability of no-failure operation.

I. INTRODUCTION

Equipment technical condition diagnosing is the
important part of electronic system (ES)
maintenance. In process of reserved ES diagnosing
there occur the errors in determination of active
functional unit operability. It leads to system
performance degradation including the faultless
probability decrease. To evaluate the faultless
probability it is necessary to have data concerning
the used diagnosing tool credibility parameters and
also to take into account the units’ redundancy mode
and the system quality at functioning initial time.
Present paper describes the reserved ES diagnostics
mathematical model with consideration of these
factors. The purpose of this research is the
development of mathematical model of reserved
system diagnosing process which takes into account
the reservation order, the diagnosing tool credibility
parameters and also the system imperfect quality at
functioning initial time instance. It allows to
maximize the probability of failure-free operation of
the system, taking into account the above factors.

II. PROBLEM STATEMENT

Known methods of automated and automatic
diagnostics of ES allow appearing the type I and
type Il errors which lead to need in additional time
and means for the failure detection and to the system
total resource decrease [1]. Improvement of
parameters characterizing the ES reliability can be
achieved in a way of decreasing the diagnosing error
probability and the diagnostics periodicity proper

selection. This investigation deals with system
which contains the certain number of redundant
functional units one of which operates as intended
and other units are the stand-by ones. Monitoring of
the operating unit is carried out according to
specified periodicity. In case of the operating unit
fault the switching to stand-by unit is executed.
Unlike to known models [2], [3] the proposed one
shall take into account the diagnosing tool credibility
parameters and monitoring periodicity, and also the
system imperfect quality when the functional unit
faultless probability at functioning initial time
instance does not equal to 1.

The quality of the system is characterized by the
probability of failure-free operation P(¢). In general,
this probability is a function of a number of
arguments

P(t) = f(m,, p(to), o, h),

where m is a reservation order; T is the periodicity
of control; p(f) is the probability of failure-free
operation at the operation start time; G is the
veracity parameter of the diagnostic tool; / is the
tolerance range.

In this paper, we studied the dependence of P()
on the parameters listed above and determined the
conditions for attaining the maximum of this
probability.

III. THE ANALYSIS OF LAST RESEARCHES

Paper [2] proposes the method of type I and type
Il errors probability calculation on base of the
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measurement  generalized for conditional (a
posteriori) distributions of parameters. Paper [3]
defines the basic tasks concerning to determination of
the faults occurrence laws and to evaluation of the
trouble-free operation parameters for restorable and
unrestorable systems. System reliability evaluation
method proposed by the authors of this paper is based
on calculation of its elements operable condition
probability. Authors of paper [4] have developed the
mathematical models of the system maintenance at
presence of detectable and latent failures which take
into account the credibility of operability multiple
monitoring. This paper proposes the calculation
method for mean time between failures and for
equipment availability factor for arbitrary law of
distribution of operating time until the detectable and
latent faults occur, taking into account the credibility
of operability multiple monitoring.

However, the known models of the system
technical condition determination do not take into
consideration the following: firstly — the system
redundancy possibilities and the redundant
functional units operating mode, secondly — the
system faultless probability at functioning initial
time instance.

IV. PROBLEM SOLUTION

Model is based on the system functional unit
determining parameter change approximation
method suggested in the paper [5].

Functional unit working availability is
characterized by v =(1,..,N) determining
parameters x,(f) and is evaluated at monitoring of
[ < N determining parameters at the time instances #;,
i=(1,..,n), where n is the number of monitoring
events during interval T={t,¢,] of the ES
diagnosing. Let’s assume that the duration At of the /
determining parameters monitoring and the
redundant functional units switching (if necessary) is
selected from imparity At << t; = t;+; — t;, where 1, is
the monitoring periodicity.

Let’s designate the functional unit working
availability a priori probability regarding to
determining parameter number v at ¢ time instance
as P,(t;) and start the model construction.

Let the determining parameter number v of the
functional unit number j at the monitoring time
instance #; does not belong to tolerance range, i.e.
x(?) ¢ dy. In this case the diagnostics facility
disconnects the operative functional unit number j
and connects the unit number (j+1) upon the clause
of (j+1) < m. Otherwise, when x,(¢) € d,, switching
to the unit number (j+1) does not occur.

System functioning process at m =2, n=2 for
general case

Py(t) =1, @8

and with the use of “imperfect” diagnostics tool,
which has the determining parameter number v
measurement error, is shown by means of graph in
Fig. 1.

Fig. 1.The graph of the diagnostic process

The (, v, R, i, 1) and (j, v, R, i, 2) states display
the belonging of determining parameter number v of
functional unit number ;j to tolerance range at
instances of redundant unit switching process
number ¢ start and finish respectively. The
G, v, F,i,1) and (j, v, F,i,2) states display the
outlet of determining parameter number v of
functional unit number j out of the tolerance range at
the same moments.

The state D corresponds to ES fault due to

reserve depletion. The transfer intensities are
calculated as follows:
an = nst (tl )[1 - P/v (tl )]’
P.(,)

=1 — 1-P, (¢,)],
T~|2R K Pv(l])[ fv( 2)]
e =N,[0=F,@)IE, (1),

Pt,)

=n|1-2221P (1),

T]21‘7 ns|: Pv(t])j| uv(Z)
P.(,)

Mr1 = nst(Zl)P/v(tl ), Mra =My Pv(l]z) va (%),
N =n,[1=P,@)IN-E, (7)),
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P(1,)

= -2 [1-P.(2,)],

1]1‘72 n;|: Pv(t])j|[ uv(2)]
P(1,) P(1,)

= ERANTA 5 = 1 - Py
MNrr ]Pv(l]) MNgr n1|: Pv(l‘])
where the functional wunit switching intensity
N = A, Px(t) and P, (t;) are the conditional

probabilities of the “false fault” and “undetected
fault” at ¢, moment, branching -coefficients b,
j=(,...,(m+1)) for the switching intensity m, are
selected on the base of parity Xb;=1, and for
concerned graph equal to:

b=P(1)P, (1) + [1 P }[1 P, (t) ],
()
b,=P,( [1 P, )], b= [1-P,(t)]P,(1).
d B o1 (0) =P, () By, (D),
P 0= 0, [1= R P 0,
:;, ]vR]2(t)

dt

d P.(t)
Elj}vm](t) RN

m—1
diP (*)=n, [a +Zakb"’ kj

k=1

1 _ -1 —
where N =1 , Mei =Te1 LM =

a, = Pv(tl)va(ll)Pijll(l) +[1 _Pv(ll)][l -

N Pyrn () + NP ()] 1= Py () | Py, (8), j = Lm,
D poa®=0[1= )] PP (1), j=1om,

|: s ijtl(t) nz] ij1]2(t):| _lm 1_27’1

Differential equation system which describes the
system functioning process has the form (3). System
(3) solution allows determining the ES probability of
no-failure operation (PNFO) P,(f) regarding to
determining parameter number v by means of

formula
PI0)=2222 P (1),
joi k

j=(,...,m),
i=(,..,n),
k=(l; 2).

Probabilities Px(t) and P, (t;) in (3), which are
determined by the measuring tool error value per
determining parameter number v and the test
tolerance range [a,v, b.v], can be calculated using
the known formulas [1], [2].

P,(t.)
d Rt
EﬁvFil(t):{l_m}[ T ijzl(t)+n11 VR.i— I2(t):| =1m; i=2,n,
d . .
& =B 1, (( ))[1 Pyt | P @), j=Tom; i=2.n1,
i—1

d P(t) . )
—P _t)=m |1-———|P (t)P. ..(t), j=1l,m; i=2,n,
dt ]VF12() ns|: Pv(ti]):| uv(z) ijz]() J m; 1 n
d _. R@)
Eljijlﬁ(t) s Rj(l‘nil) |:1 P (t ):' JVRnl (t) ] _1 m,
d J=2 1k L —
— P =N PP (00 R [1=Po@) ]| @y + Zab!™™ |, j=2m,

k=1
d < -k - (3)
Elj}vFll(t)z[l_Pv(tl)] _n.ypijn(t)"'nst(t]) a; +Zakb1 » J=2,m,

k=1

1;'; coefficient b, is determined by (2); coefficients ay, k= (1,...,m) are equal to

Pt )]Izvm(mi{ ) p (43P (1)

Pt "

EAGYN

i=2
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probability Pp(?) represents the ES fault probability
due to reserve depletion; probabilities Pjzi(t),
Piyrin(t), Pyro(f) and Pypp(f) are determined by
expressions

Pijil(t) = P{x,(t) € dy "my(t) € [me(ty), mo(tic1)]},
])iji](t) =P{x,(t) & dy N my(t) € [me(ty), mo(tic1)]},
Pivrio(t) = P{x\(f) € dy N my(t+AY) € [m (1),
my(ti)]},
Pivrin(t) = P{x\(f) & d, N my(t+AL) € [m (1),
my(ti)]},

where m,,(*) is an expected value of the parameter
x,(?) at appropriate time.

Initial conditions with consideration of (1) have
the form

Piyri11(0) = Py(t1), Piri1(0) = 1 = Py(ty),

Pijn(O) =0, Pijn(O) =0, j=(,..m),
])iji](O) = 0: ])iji](O) = 0: ] = (19"':m)9
i =(2,n),
PiVRiZ(O) = 0: PiVFiZ(O) = 0: ] = (19"':m)9
i =(2,.).

Figure 2 shows the curves of PNFO P,'(f)
dependencies upon time for m =3, single-side
tolerance range & =|[a,y,, ], where a,, =15
conditional units, “perfect” diagnostics tool with
Py(t)=Pn(t)=0, i=(1,..,n) (curve 1), and for
“imperfect” tool with mean-square error of
measurement o,, = 0.4 conditional wunits at
7; = 120 hrs (curve 2) and t; = 20 hrs (curve 3).

The errors in determination of functional unit
working availability lead to ES PNFO decrease, and
the monitoring periodicity decrease causes of the
accelerated reserve depletion due to monitoring error
of the “false fault” type.

Py (1
:

1TSS

DNA
) N

0 240

1.0

/]

Z

480 720 960 t

Fig. 2.Dependence of PNFO on the monitoring
periodicity and mode of the diagnostic tool

Increase of PNFO at short monitoring periodicity
is possible by such change of the diagnostics tool
operation mode that at connecting to the last
redundant functional unit the diagnostics tool does
not carries out switching but serves as the ES fault
indicator only. In this case the ES shutdown due to
monitoring error of “false fault” type does not occur.
In Figure 1 this case corresponds to zero intensities
of transfers from (2, v, R, i, 1), i =(1;2) states to D
state, and in the equation system (3) the conditional
probabilities Px(t), i = (1,...,n) at j =m are equated
to zero. The achieved result is illustrated by the
curve 4 in Fig. 2 constructed for the monitoring
periodicity 7=20 hrs.

Curve 3 corresponds to the ES mean time of no-
failure operation determined by P, (f) function
integration is equal to 896.4 hrs; curve 4-976.8 hrs.
Thus, the change of the diagnostics tool operation
mode mentioned above allows increasing the ES
mean time of no-failure operation approximately
by 9 %.

In Figure3 are shown the PNFO P, (f)
dependencies upon time for m=3, o, =04
conditional units, 1, =20 hrs, and a,, =[14, 15, 16]
conditional units (curves 1, 2, 3 respectively).

The obtained graphs indicate that for every
monitoring instance it is possible to determine the
measuring tolerance optimal value at which the ES
PNFO per determining parameter number v is
maximal. This method also provides partial
compensation of the monitoring error of “false fault”
type negative influence on the ES PNFO.
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Fig. 3.Dependence of PNFO on the measuring
tolerance value

V. CONCLUSIONS

The paper presents a mathematical model of the
reserved electronic system diagnosing process. The
case of unloaded redundancy with periodic
monitoring of the system working capacity is
considered. The proposed model in practical
application takes into account the reservation order,
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A. T'. Tapanenko, €. 1. I'abpycenko, O. I'. I'onyonnumii, O. 10. Jlappunenko. KepyBanusi exciiyataniiHoro
HaAilHiCTIO pe3epBOBAHOI €JIEKTPOHHOI CHCTEMH

[pouec miarHOCTYBaHHS pe3epBOBAHOI €JIEKTPOHHOI CHCTEMH 3IIMCHIOETHCS 3 TIOMIJIKAMH B OMLIHIN ii HamiiHOCTi. Lle
MPU3BOJUTh JO TOTIPIIEHHS eKCIUTyaTalliiHUX XapaKTepUCTHK CHCTEMH, 30KpeMa J0 3MEHIIEHHS HMOBIpHOCTI
0e3BiAMOBHOI poOOTH. JlaHa CTATTsA MPHUCBSIYCHA PO3POOIli 1 JAOCIIIHKEHHIO MATEeMAaTHYHOI MOZIE JiarHOCTYBaHHS
pe3epBOBaHOI eNEKTPOHHOI cucTeMu. LI Momenb BpaxoBye XapaKTEpUCTHKH JOCTOBIPHOCTI 3ac00y JiarHOCTYBaHHS,
MepIOAMYHICTD J[IarHOCTYBaHHS, a TAKOXK HeiJealbHy SIKICTh CUCTEMH y ITOYaTKOBHH MOMEHT ()yHKIIOHYBaHHs. 3aci0
JIIarHOCTYBaHHs BUKOHYE (DYHKIIiIO iHAMKAIIl Npare3aTHOCTI CUCTEMH IICHs MepeMHUKaHHS Ha OCTaHHIM pe3epBHUN
010K, ayie He (YHKINI0 KoMmyTallii 0y1oKky. e BUKITIOYa€e BIUIMB MOMHJIOK KOHTPOJIIO BUIJIITY «IIOMHUIIKOBA BIIMOBa» 1
i JIBUIIYE HAIHHICTh CHCTEMH.

KorouoBi ciioBa: exekTpoHHa cucteMa; HaJliliHICTh; MEPiOAMYHICTh JIarHOCTYBaHHSI; HMOBIPHICTh O€3BIIMOBHOI pOOOTH.

Tapanenko Anaroutiii I'puroposuy. orcid.org/0000-0002-0846-6767. Kanaunar TexHi4HUX HayK. JOLEHT.
dakybpTeT aepoHaBirallii, eIeKTPOHIKH Ta TeJleKoMyHikaniii, HarioHanapHuMiA aBiauiiHuii yHiBepcureT, KuiB, YkpaiHa.



A.G. Taranenko, Ye.l. Gabrousenko, A.G. Holubnychyi, O.Yu. Lavrynenko Operational Reliability Management ... 91

Ocgita: HanionanpHu# aBiamiduuii yHisepcutet, Kuis, Ykpaina, (1979).
HanpsiMm HaykoBOi JisUTbHOCTI: IU(POBUIL 3B’ 30K, TEXHIYHA A1arHOCTHKA.
Kinpkicts myomikarii: 63.

E-mail: agt705@nau.edu.ua

I'a6pycenko €Bren Iropouy. orcid.org/0000-0001-5852-0306. Kanmunat TexHiyHUX HayK. J{OICHT.

dakynbpTeT aepoHaBirallii, eleKTPOHIKH Ta TeJleKoMyHikanii, HarlioHanpHuMiA aBiauiiauii yHiBepcureT, KuiB, YkpaiHa.
Ocgita: HanioHanpHUH aBiamiiHui yHiBepcuteT, (1985).

HarnpsiMm HayKoBOi JisTBHOCTI: MOJIEITIOBaHHS €JIEKTPOHHUX CHCTEM, IPHKJIaHA EIeKTPOANHAMIKA.

Kinpkicts myoOmikarii: 78.

E-mail: gab58@nau.edu.ua

Tonyonmumii Ognekciii IeopriiioBny. orcid.org/0000-0001-5101-3862. Kanmunat TexHiyHMX HayK. [{OIEHT.
dakynbpTeT aepoHaBirallii, eIeKTPOHIKH Ta TeJleKoMyHikaniid, HarlioHanapHuMiA aBiauiiHuii yHiBepcureT, KuiB, YkpaiHa.
Ocgita: HanionanpHu# aBiamiinui yHisepcuret, Kuis, Ykpaina, (2006).

Hamnpsim HaykoBoi JistbHOCTI: 00pOOKa CHTHAIIB Ta JaHUX, TEJIEKOMYHIKAIiiHI CUCTEMHU.

Kinpkicts myomikamii: 70.

E-mail: a.holubnychyi@nau.edu.ua

Jlappunenko Omnexcanap FOpilioBuu. AcnipaHr.

dakynbpTeT aepoHaBirallii, eIeKTPOHIKH Ta TeJeKoMyHikanili, HarlioHanapHuMiA aBiauiiHuii yHiBepcureT, KuiB, YkpaiHa.
Ocgita: HanioHanpHu# aBiamiiHui yHisepcureT, Kuis, Ykpaina, (2014).

HamnpsiMm HaykoBOi JisTBHOCTI: pO3ITi3HABaHHS MOBH, IU(pOBa 00pOOKa CHrHAIIB, 3aXUCT iH(opMaii.

Kinpkicts myomikarmii: 15.

E-mail: oleksandrlavrynenko@gmail.com

A. T'. Tapanenko, E. H. T'adpycenko, A. I'. I'onyounumii, A. 1O. JlappuHenko. YnpasieHue 3KCIUIyaTaAllHOHHOM
Ha/1€KHOCTHIO pe3ePBUPOBAHHON 3JIEKTPOHHON CHCTEMBI

[pouecc AuarHOCTHPOBaHMSI PE3EPBUPOBAHHOMN 3JIEKTPOHHOW CHCTEMBI OCYIIECTBIISIETCS C OIIMOKAMH B OLIEHKE ee
HAJCKHOCTU. DTO IPUBOIUT K YXYALUICHUAIO DKCIUTYaTAI[HOHHBIX XapaKTEPUCTUK CUCTEMBI, B TOM YHCIIC K YMCHBIICHHIO
BEpOATHOCTU 0€30TKa3HOW paboThl. JlaHHAasl CTaThs MMOCBsIIEHa Pa3paboTKe U UCCIEJOBAHUIO MATEMAaTHIECKOH MOJIENTH
JMUATHOCTUPOBAHUSA PE3CPBUPOBAHHON  JJICKTPOHHOW CHCTEMBI. OJTa MOJCIh YYUTHIBACT XapPaKTCPUCTHUKU
JIOCTOBEPHOCTH CPENCTBA JAMATHOCTHPOBAHMUS, NMEPUOAMYHOCTh JUATHOCTUPOBAHUS, a TaKKe HEWJeaJbHOE KadeCTBO
CHUCTEMBI B HaYaJIbHBIH MOMEHT ()yHKIIMOHUPOBaHUs. CpeICTBO TUATHOCTHPOBAHUS BBHIOIHACT (DYHKITUIO WHIUKAIIUU
paboTOCIIOCOOHOCTH CHUCTEMBI MOCIIE TIEPEKITIOUEHHsI Ha TTOCIEeIHINA Pe3epBHBIA OJIOK, HO HE (YHKIMIO KOMMYTAIMH
0J10Ka. DTO UCKIIIOYAET BIMSHUE OMIMOOK KOHTPOJIS BUIA «JIOKHBIN OTKa3» ¥ MOBBINIAET HAJIS)KHOCTh CUCTEMBI.
KnroueBble ciioBa: »JJIEKTpOHHAs CHCTEMa; HAJEKHOCTh, IEPUOAWYHOCTh JUATHOCTUPOBAHUS;, BEPOSTHOCTH
0e30TKa3HO! paboThI.

Tapanenko Anatomuii I'puropseBud. orcid.org/0000-0002-0846-6767. Kanauaar TexHuueckux HayK. JIOHeHT.
(DaKyJ'II)TGT a3pOHaBUraluu, 3JICKTPOHUKH U TeﬂeKOMMyHHKaHHﬁ, HaI_[I/IOHaJ'IBHHﬁ aBHaHHOHHBIfI YHUBCPCUTET, KI/ICB, YKpam-[a.
O0pa3oBanue: HarnmoHanbHbIi aBUaMOHHBINA yHUBEpcuTeT, Kues, Ykpaunna, (1979).

HamnpaBnenust HayqHOH nesiTenbHOCTH: U(POBaAst CBS3b, TEXHUYECKAs TUATHOCTHKA.

Konugectro myOnukanuii: 63.

E-mail: agt705@nau.edu.ua

I'adpycenxo EBrenunii Mropesuu. orcid.org/0000-0001-5852-0306. Kanaunar TexHn4eckux HayK. JoLeHT.
(DaKyJ'IBTeT a3pOHaBUraluu, 3JICKTPOHUKH U TeﬂGKOMMyHHKaHHﬁ, HaIII/IOHaJ'IBHHﬁ aBHaHHOHHBIﬁ YHUBCPCUTET, KI/ICB, YKpam-[a.
O0pa3oBanue: HarnmoHanbHbIi aBUaMOHHBINA yHUBEpcuTeT, Kues, Ykpaunna, (1985).

HamnpaBnenust Hay4HOMH NeSTENbHOCTH: MOAEIUPOBAHUE ANEKTPOHHBIX CHCTEM, TIPUKJIAIHAS JJIEKTPOANHAMUKA.
Konngectro myOnukanuii: 78.

E-mail: gab58@nau.edu.ua

Tonyonnunii Anexceii I'eoprueBuy. orcid.org/0000-0001-5101-3862. Kanaunat TexHHYeCKUX HayK. JloneHT.
(DaKyJ'IBTeT a3pOHaBUraluu, 3JICKTPOHUKH U TeﬂGKOMMyHHKaHHﬁ, HaIII/IOHaJ'IBHHﬁ aBHaHHOHHBIﬁ YHUBCPCUTET, KI/ICB, YKpam-[a.
O0pa3oBanue: HarmonanbHbIi aBUaMOHHBINA yHUBEpcuTeT, Kues, Ykpaunna, (2006).

HamnpaBnenust Hay4HOH NesTENbHOCTH: 00pab0TKa CUTHAJIOB U TAHHBIX, TEJIEKOMMYHUKAIIMOHHBIE CUCTEMBI.
Konngectro my6nukanuii: 70.

E-mail: a.holubnychyi@nau.edu.ua

JlaBppunenko Ajsexcanap IOpbeBny. Acnupast.

DaxysIbTeT a3POHABUTALIMH, SEKTPOHHUKH U TEJICKOMMYHUKaIM#i, HanrmoHabHbIH aBHallMOHHBINA yHUBepcuTteT, Kues, Ykpanua.
O0pa3oBanue: HarnmoHanbHbIi aBUaMOHHBINA yHUBEpcuTeT, Kues, Ykpaunna, (2014).

HamnpaBnenust HayqHOH NeSTENFHOCTH: paclo3HaBaHue peyun, nudpoBas o0pabOTKa CUTHAJIOB, 3aliTa HHPOPMAIIHH.
KonmuectBo myoiukarnmii: 15.

E-mail: oleksandrlavrynenko@gmail.com



