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Main reliability indicators of unrestorable compound electropower systems are examined in this paper. A method of
investigation of reliability indicators for compound electropower systems by means of generating functions is developed
taking account of aging of the system’s output elements. Recurrent expressions are worked out for the failure
probability in the prescribed availability condition, the failure frequency in the prescribed availability condition and
the failure rate in the prescribed availability condition provided that the lifetime of ageing output elements is described
by the Rayleigh distribution. References 5, figure 1.
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Introduction. Network modelling is an important approach to solve problems for such systems such as supply
chains, telecommunication networks, electric-power transmission systems. The complexity of electropower systems and
their safety requirements have risen significantly.

None of such formalisms as Petri nets, block diagrams, finite state machines, Markov graphs is suitable to
looped systems that arise typically in reliability analysis of electrical networks. Electrical networks can be abstracted as
graphs whose nodes are subject to failures.

There exist different methods of investigation for reliability indicators of power systems [1-3]. But existing
traditional methods of reliability evaluation are not able to satisfy requirements of investigations of complicated systems
such as compound electropower systems.

Models of Reliability Indicators. The problem of reliability investigation of the systems arose up a long ago
together with becoming of the engineering approach to industry. Every engineering object must contain the sign of
reliability. At a choice among competitive projects, reliability indicators occupy an important place in the list of
requirements. But reliability prognostication is difficult because of multivariate and statistical nature of this
phenomenon.

Over the past decade with the development of compound systems manufacturing technologies, necessity has
emerged for building new and improving traditional methods and models in the process of solving problems of
designing these systems [4].

Up to now for systems with complicated structures such as
compound electropower systems there were no mathematical models in the
form of analytic expressions for main reliability indicators.

Let us consider a symmetric electropower system ramified to level
3 with ageing output elements (Figure), where a; elements of level 1 are
subordinate to an element of level 0, a, elements of level 2 are subordinate
to every element of level 1, a; elements of level 3 are subordinate to every
element of level 2. a; is a coefficient of ramification to level 1, a, is a
coefficient of ramification to level 2 and a;is a coefficient of ramification
to level 3.

i By analogy with [5] we obtain the following generation function
L4 of the system shown in Figure:
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where po, Go, P1> 915 P1> P2s 92> P3» G35 Po are probabilities of trouble-free operation and failure probabilities of elements
on levels 0,1,2,3 correspondingly, z is an arbitrary parameter.

Expressions for probability distribution calculation of count of operating output elements of the system are
deduced on the basis of the generation function (1). Expressions for reliability indicators of compound electropower
systems ramified to level 2 and 3, with Rayleigh distributed ageing output elements, may be extended to such systems
ramified to level n, where n is any natural number greater than 1.

© Sydor A.R., Teslyuk V.M., Denysyuk P.Yu., 2014

ISSN 1607-7970. Texn. erexmpoounamira. 2014. Ne 4 47



Weuse a;(=1,») to denote coefficients of ramification to level /, in other words a, is count of elements of level

/ that are subordinate to every element of level (/-1). A total number of output elements of the system is defined by:
n
N, n= H a;
i=1

Let P,z(x,,t) be the probability that there are exactly X, operating output elements provided the probability of
failure-free operation of ageing output elements are circumscribed by the Rayleigh distribution.
Under condition 0<x,<N, we obtain the following recurrent expressions
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Let Q,r(k,t) be the failure probability in the prescribed availability condition & provided the probability of
failure-free operation of ageing output elements is circumscribed by the Rayleigh distribution. We obtain
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where N, is calculated according to equation (2) and P,x(x,,?) is calculated according to the recurrent expressions (3-7).
We use a,z(k,t) to denote the failure frequency in the prescribed availability condition k provided the
probability of failure-free operation of ageing output elements is circumscribed by the Rayleigh distribution. It is
determined as the derivative of the failure probability with respect to time 7.
Under condition 0<x,<N, we obtain the following recurrent expressions
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During designing compound electropower systems, decisions about structures of such systems should be made
on the basis of results of valuing the failure probability, the failure frequency and the failure rate in the prescribed
availability condition.

The main thrust of this paper is to reduce the computational time and complexity when valuing reliability
indicators of compound electropower systems. It is necessary to work out methods of reliability prognostication with
regard for systems’ specific features.

Conclusions. Calculation of reliability indicators is very important during the developmental stage and
applying of systems of different kinds in industry. It is amply difficult due to a great number of factors and general
statistical nature of this phenomenon.

Recurrent expressions for main reliability indicators of unrestorable systems in the case when the lifetime of
ageing output elements is circumscribed by the Rayleigh distribution make it possible to calculate the availability
function of the system under availability condition, to carry out timing simulation of availability function under various
availability conditions of the system. Varying coefficient of ramification, it is possible to vary the system’s structure
and to choose its optimal variant under prescribed operation conditions.

Prediction of reliability at stages of design of compound electropower systems makes possible to evaluate
probabilistic and time characteristics of systems, to compare reliabilities of possible variants of systems’ structures

depending on requirements of production process.
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B cmamve paccmampueaiomcs ocHogHble nokazamenu HAOEHCHOCMU HeBOCCMAHABIUBACMBIX CIONCHBIX NEKMPOIHED-
eemuyeckux cucmem. Memoo uccne0oganus nokazamenel HAO0HCHOCMU CLONCHBIX NeKMPOIHEPLeMUYECKUX CUCEM C
NOMOWBIO NPOU3EOOAUUX (PYHKYULL PACNPOCMPAHEH HA CIyYail CMAapeHus GblIXOOHbIX dieMeHmog cucmemsl. Paspa-
bomanvl pexyppeHmuvle 8bipadiceHuss 05l GePOSMHOCHIU OMKA308 NPU 3A0AHHOM YCI08UU 2OMOBHOCMU, YACMOMbL ONl-
Ka308 npu 3a0aHHOM YCI08UU 20MOBHOCTIU U UHIMEHCUBHOCTI OMKA308 NPU 3A0AHHOM YCI08UU 20MOBHOCMU OISl CLY4As,
K020a 6€30MKA3HOCTb CIAPerouux GbIXOOHbIX 2NEMEHMO8 onucvleaemcs pacnpedenenuem Penes. bubn. 5, puc. 1.

Knwuesvie cnoea: mnokazarenu HAJAC)KHOCTH, OJJICKTPOIHEPICTUYCCKHUE CHUCTEMbI, CTAPCHOIIUC II0 3aKOHY Penes
BBIXOIHBIC DJICMCHTHI.
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Posznanymo ocnoeni noxasHuku HAOIUHOCMI HEGIOHOBNIOBAHUX CKIAOHUX eNleKmpoeHepeemuyHux cucmem. Memoo
00CNIONCEHHST NOKAZHUKIG HAOIUHOCMI CKIAOHUX eNeKMPOEHEPLEMUYHUX CUCTHEM 304 OONOMOZO0I0 MEIPHUX QYHKYIL
NOWUPEHO HA 8UNAOOK CMAPIHHS BUXIOHUX elleMenmie cucmemu. Pospobneno pexypenmui eupaszu 01 UMOBIPHOCMI
8I0OMO8 34 3A0aHOI YMOBU 20MOBHOCTI, HACMOMU 8IOMO8 3a 3A0AHOL YMOBU 20MOBHOCMI MA IHMEHCUBHOCMI BIOMO8 3a
3a0anoi yMOBU 20MOBHOCMI 011 BUNAOKY, KOAU 0€38I0MOGHICIb CINAPIIOYUX BUXIOHUX eNeMEHMI8 ONUCYEMbCSL PO3NOOI-
nom Penes. bion. 5, puc. 1.

Knrouoei cnosa: Noka3HUKK HAJIHHOCTI, €IIEKTPOSHEPTETHYHI CHCTEMH, CTapifoyi 3a 3aKkoHOM Pesiest BUXiiHi eleMeHTH.
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