EVALUAREA CALITATIV A SI THE QUALITATIVE AND
CANTITATIV A A ELEMENTELOR QUANTITATIVE EVALUATION OF
SISTEMELOR CU STRUCTURA THE ELEMENTS OF SYSTEMS
COMPLEX A WITH COMPLEX STRUCTURE

lonel MARTINESCU
"Transilvania” University of Brgov, Romania

Rezumat. Lucrarea preziit evaluarea cantitativ si Abstract. The paper presents the qualitative and
cantitativd a elementelor unui sistem cu strudtur quantitative evaluation of the elements of systemith
complex format din nod elemente, luand Th considerare complex structure, demonstrated on a system witle ni
cazul in care fiabilitatea acestora este depeiddat elements, taking into account the cases of ratbil
timp. Evaluarea se face prin prisma fidlar de calcul, parameters specification time dependent. The diahsa

tabelelorsi diagramelor. are realized through calculus relations, tablesciegiams.
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1. Introducere 1. Introduction

Determinarea importa@ elementelor unui The determination of the significance of the

sistem reprezidt o cerind majod in procesul de elements of a system represents a major prereguisit
optimizare sau de imbatatire a fiabilititii acestuia.  in the process of optimizing and improvement of its
Odat intocmiti diagrama de fiabilitate a unui reliability. Once the reliability diagram is drawp,
sistem, se ridic problema determémii elementelor the problem of determining the ,weaker” or less
»Slabe” sau mai piin fiabile, astfel incatasse poat reliable elements occurs, in order to take the
lua niisurile necesare atingerii fiab#iti specificate  necessary measures to achieving the specified
sau de Tmbuititire a fiabilititii sistemului. Sarcina reliability or to improving the system’s reliabyfit
analistului nu este delocseard, avand in vedere The analyst's task is not easy, considering the
complexitatea si dimensiunile unor sisteme complexity and the scale of industrial systemsn If
industriale. Dag& pentru sistemele cu struciur the case of simple systems the detection and
elementat identificareasi cuantificarea importaei  quantification of the elements’ importance
elementelor reprezifto probleni relativ simpé, in  represents a relatively easy problem, in the cése o
cazul sistemelor de mari dimensiuni sunt necesardarge scale systems is necessary a series of
chiar, o serie de aproxin matematice. mathematical approximations.

Importana elementelor repreziun indicator Considering the fact that the systems act in the
care specifig contribttia fiecarui element la totalul ,success space”, the importance of the system’s
fiabilitatii sistemului. Acest aspect prezinto elements refers to their contribution to the proper
importana deosebit, deoarece indic elementele operation of the system (not to be confused with th
asupra #@rora trebuie atonat 1n vederea importance of events in the fault tree, which
Tmburatatirii fiabilit atii sistemului. guantifies their importance in the generation & th

Evaluarea importgei elementelor se face in system’s breakdown).
~Spaiul succesului” sistemului, spre deosebire de  Assessing the importance of the items is done
evaluarea importaei elementelor in arborele de in "the success space" system, unlike assessing the

defectare, care se efectugda ,spaiul defectelor”, importance of elements in failure tree, which is
reflectand importaia elementelor sistemului la made in "the flaws" space, reflecting the imporganc
pana acestuia. of the system items at failure.

Studiul importatei elementelor trebuieasse The study of the elements’ importance is being

faca pentru fiecare caz in parte, luadnd in considerardone individually for every case, depending of the
modul de exprimare a fiabiiti acestora: constant way their reliability is specified: constant or #m
sau dependefde timp. dependent.

Pentru optimizarea importgm elementelor For optimizing the importance of the systems’
sistemelor este necesarse aild in vederai costul  elements it is necessary to take into account their
acestora, caz ne luat in considerare in analiza dmst also, which it is not the case in the present
fata. paper.
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anume:

2. Fiabilitatea sistemului cu structura
complexa

Pentru determinarea fiabiili sistemelor cu
structua complex se pot utiliza trei metodesi

- metoda factorgrii;
- metoda ansamblurilor minimale;
- metoda modulariaii.
In cele ce urmeaz se prezint metoda
factorizirii, luand

2. The system’s reliability with complex

structure
To determine the reliability of system with

complex structure we can use three methods,
namely:

- the factorization method:;
- the minimal assemblies method;
- the modulation method.

In the next paragraph, is presented the

in considerare un sisteme factorization method, taking to account a complex

complex format din nduelemente, figura 1. system of nine elements, figure 1.

2w 5 | 7 [+l 8

Figura 1. Sistem complex cu rioelemente
Figure 1. Complex system with nine elements

Pentru rezolvarea sistemului cu strudtur
complex se utilizeaz metoda factorigrii, bazat
pe teorema lui Bayes [1]. Astfel, dase consider
un ansamblu de elemen® si un subansamblu
particularS, al acestuia,acand notéile:

- S—ansamblulsfie In stare de funionare;
- Sy — subansamblukdie in stare de funmnare;

- g\— subansamblukfie Tn stare de pan

atunci probabilitatea de futionare ansamblului se
poate exprima cu ajutorul reiei:

In order to solve the complex structure system
it is used the factorization method based on Bayes’
theorem [1]. Let us consider an assembly of
elementsS and a particular subassemify The
notations are as following:

- S—the working state of the assembly;
- S\ — the working state of the subassembly;

- S, — the failure stare of the subassembly.

Then, the assembly’s probability of operation
can be written:

P(S) = P(SSa)P(Sa) + P(s{sA)P(SA),
unde: where:

- P(S/SA) i P(S/SA) reprezind probabilitatea - P(S/Sy) and P(S/SA) represent the conditional
condiionati de fungionare a ansamblulu§ probability of operation for the assemiy the
subansamblulS, fiind Tn stare de fun®nare, subassembly5, being in state of operation, and
respectiv, probabilitatea  conmdinat  de the conditional probability of operation for the
functionare a ansamblulug, subansamblulS, assemblyS, the subassembly,Seing in state of
fiind Tn stare de pain failure, respectively;

- P(Sa) si P(Sa) — probabilitatea funionare a - P(S,) and P(S,). — the probability of operation
subansambluluiS,, respectiv, probabilitatea de of the subassembl§,, and the probability of its
pari a acestuia. failure respectively.

Avand in vederei Taking into consideration that:
- P(S) = Ry - fiabilitatea ansamblului; - P(S)=Rg - the assembly’s reliability;
- P(Sp)=Rs, - fiabilitatea subansamblului; - P(Sa)=Rs, - the subassembly’s reliability;

(1)

P SA):l— Rs, - the subassembly’s non-reliability;

P(qSA): Rs|Sa - the reliability of the assembly

S conditioned by the operation state of
subassemblgy;

P(S‘S_A): RS‘S_A - the reliability of the assemb8y

conditioned by the failure state of subassenfhly
the relation (1) can be written:

-P SA):l— Rs, - nonfiabilitatea subansamblului; -

- P(3Sa)=Rg[Sp - fiabilitatea ansambluluis, -

condtionati de starea de futionare a
subansamblulus,;

i p(qS_A): RS‘S_A - fiabilitatea ansamblullg, con- -

ditiona& de starea de pam subansamblulig,,
relatia (1) se scrie sub forma:
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Rg = (RS|SA)RSA + (RS‘SAxl_ RSA ), (2)
care reprezirt factorizareasistemului in raport cu which represents the system'’s factorization versus
subansamblusa. the subassembi§..

Relaia (2) raportat la elementulA se poate The relation (2) reported to the eleméntan
scrie sub urritoarea form: be written as follows:
Rs = (RS|AF JRa + (RS|AP)(1‘ Ra), 3)

n careAr reprezind faptul ca elementud se afi in~ whereAg represents the operation state of element;
stare de fun@nare; Ap — elementulA se afi in Ap — represents the failure staRy; — the reliability
stare de pan Ra — fiabilitatea elementuluA. of elementA.

Daa factorii RgJAr si RgJAp nu pot fi exprimé If the factors RJAr and R4Ar can't be
direct, atunci factorizarea sistemului se poate,fac determined directly, the factorization of system ca
in continuare, in raport cu un alt element, debe calculated in rapport with another element, for

exemplu elementB, si anume: example elemer®, namely:
Rs = (Re|Br|Ar JRs + (Rs|Bol2p J1- Ra). @)

Procedura se poate continua pa&and fiecare The procedure can continue until every factor
factor al fiabiliitii sistemului poate fi exprimat direct of the system’s reliability may be determined
ca expresie a fiabititii elementelor componente. directly as an expression of the reliability of the

A component elements.

In cazul cel mai general expresia fialatit In general, the expression of the reliability of
sistemului complex are forma: the complex system has the next formula:

n
Rs = 3. P(Rg|Elementul Aseafla in stareaS ) (P(Elementul Aseafli in stareas )
=
- (5)
Rs = Y. P(Rg[TheelementAisin thestate § JP(TheelementAisin thestate § )
i=1

unden reprezint nundrul de elemente ale sistemului. wheren represents the number of elements of the system.
Sistemul din figura 1 nu poate fi decompozat in The system in figure 1 cannot be decomposed
subsisteme cu structur elementara serie sau into series/parallel elementary subsystems. Because
paralele. Din aceastcauz, se adopit factorizarea of this, it is adopted its factorization versus the
n raport cu elementul 4, figura 2. Baglementul 4  element 4, figure 2. In the case when the element 4
se affi in stare de funonare el poate fi inlocuit is working, it can be replaced by a short circuit
printr-un fir in scurtcircuit, iar sistemul se peat binding, and the system will be reduced to the
reduce la subsistem&,. Dad elementul 4 este in subsystent,. If the element 4 fails, then it will be
stare de pat) atunci el este eliminat din sistem, iar eliminated, and the system will be reduced to the

sistemul se reduce la subsistersul subsystens,.
Fiabilitatea sistemului complex, determihat The complex system’s reliability, determined
prin metoda factoririi, are expresia: using its factorization, has the expression:
Rs = Rg;Rs +Rs,(1-Ry), (6)

undeRg; si Ry reprezini fiabilitatile subsistemulu  when Rg; and Ry, represent the reliabilits of the
S si, respectiv, S, iar R, reprezini fiabilitatea  subsystemsS, and, respectively,S; R, — the
elementului 4. reliability of the element 4.

Factorizarea  sistemului, conform celor The factorization of the system, according to
prezentate mai sus, conduce la un subsissera  the data presented above, leads to a subassembly
carui structud este, de asemenea, comglea which also has a complex structure. As a result, a
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urmare, se face o naufactorizare, luand Tn new factorization is being done, taking into acdoun
considerare elementul 3, iar fiabilitatea sistemuluthe element 3, and the system’s reliability can be
se poate scrie sub forma: written like this:

Rs = lR53 R +Rg, (L~ Re)|Rq + Rs, (1-R4), (7)

in care Rs si Ry reprezini fiabilitatile where Ri; and Rs, represent the reliability of
subsistemelo&; si S;. Aceste doli subsisteme pot fi subassemblys; and S,. These two subsystems can
evaluate pe baza réitor cunoscute pentru be using the known relations for the system with
sistemele cu structiielementat [2]. elementary structure [2].

Figura 2. Dubla factorizare a sistemului cu stricaomplex
Figure 2. The double factorization of the systerthwomplex structure

Fiabilitatea subsistemuluss, avand structar The reliability of subsystemsS;, with a
elementad, poate fi scris: elementary structure, can be written:
Rss = Ri(RsR7Rs + Rg — RsRsRyRg )Ry = RIRs Ry ReRg + RIRR ~ RIRsReR7ReRy (8)

iar fiabilitatea subsistemulus,, egal cu cea a and the reliabilities of subsyste®) equal to that of
subsistemuluiS;, avand o structérserie, se poate subsystemS,, having a series structure, can be

scrie sub forma [1]: expressed as follows: [1]:
Rs, = Rs, = RIR:R5R7RgRy, 9)

TinAnd seama de reiite (8) si (9), fiabilitatea Considering the relations (8) and (9), the
sistemului, dat de relaia (6), devine: reliabilities of the system (relation (6)), transkinto:
Rs =[(RIRsR/RsRy + RIRsRy ~ RIRsReR/RaRo)Rs + RIRRR/ Ry (L~ Ra)|Ry + RR-RsRIRR(1-Ry). (10)
care se poate scrgesub forma: which can be also be written like this
Rs = RiIRsRRsR7RgRy + RiIRsR4Re Ry — RiIRsR4RsRsR7ReRg — RIFERsRyRER7 R + RIRGRs R/ RgRy - (11)

In cazul In care fiabilitle elementelor If the reliabilities of the component elements of
componente ale sistemului sunt dependente de timphe system are time dependent, table 1, the
tabelul 1, fiabilitatea sistemului are expresia: reliability of the system has the expression:

RECENT, Vol. 9, no. 2(23), July, 2008 45



Evaluarea calitativsi cantitativai a elementelor sistemelor cu strudtaomplex

Rs(t) = Ri(t)Rs(t)Ra (t)Rs (t)Ry (t)Rs (t)Ro (t) + Ry (t)Rs(t)Ra (t)Re ) Ro(t) -
= Ry(t)Rs(t)Ra (t)R5 (t)Rs (t )R, (t)Rs (t)Ro (t) + Ry(t)Ro (t)Rs (t)R; (t)Rs (t)Ro ) - (12)
=~ Ry(t)Ry (t)Rs (t)Ra (t)Rs )Ry (t)Re (t) Ro(t).-

Tabelul 1. Parametrii de fiabilitate ai elementedigtemului
Table 1. The reliability parameters of the systeabsments

Elementi | Live distribution Parameter’s values Reliabilitgement
1 Weibull B1=1.5 n. = 200
2 Weibull B.=4 N, = 1000
3 Weibull Bs=2 Nz =150
4 Weibull Bs=2 N4 = 150 ¢ P
5 We?bull Bs=2 ns = 400 i {ﬂi]
6 Weibull Bo= 1.7 Ne = 400 R(t)=e
7 Weibull B,=25 n; =100
8 Weibull Bs=0.8 ns =500
9 Weibull Ba=15 Ny = 10000

Luand in considerare expresiile fialititor Taking into account the expression of

elementelor componente ale sistemului, atuncreliabilities of the component elements of the
fiabilitatea acestuia devine: system, its reliability becomes:

Jearerarar e,

Rs(t)=e

|
1
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z|-
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SO e
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3. Importanta elementelor sistemului 3. The importance of the system’s elements
Evaluarea importaei unui element al The evaluation of the importance of a system’s
sistemului se face cu o réla generd, de forma element is being done with a general relationship,
[3, 4, 5] looking like this [3, 4, 5]:
| = ORs(t)
S TR

whereRg(t) represents the system’s reliability, and

(14)

undeR(t) reprezini fiabilitatea sistemului, iaR(t)
fiabilitatea elementului. Ri(t) - reliability of thei element.

Relaia (12) arai importana sau contribua Relation (12) shows the importance or the
unui element la defectarea sau pana intregulutontribution of an element to the break down or the
sistem. damage of the entire system.
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Importana celor noa elemente ale sistemului The importance of the nine elements of the
se determii luand n considerare reiide (12) si system is determined considering the relations (12)
(14). Astfel, pentru elementul 1, importaracestuia and (14). So, for the element 1, its importance has
are expresia: the expression:

e, = 25 = (R, R )R (RS 0)+ Rt R )R ()R 1) -

AR(t) 5
= Ra(t)Ra(t)Rs ()R (1)R7 (t)Re (t)Ro t) + Ro (t)Rs t)Rr t)Ro t)Ro t) -
= Rot)Rs(t)Ra (t)Rs (1)Rr (t)Ro t)Ro 1),
sau, luand in consideragierelatia (14): or, considering the relation (14):
SRR OER LI CEGRGIRG
| — + — + — + — + — + — - — + — + — + —
aRS(t) n3 N4 Ns nz ns N9 n3 N4 Ne a
lg, = =e +e
tOoR(t)
_(tjﬁs (tjm (tjﬁs (tJBG (tJB7 (tJBB (tjﬁg}
| — + — + — + — + — + — + —
n3 Na Ns Ne n7z Ng N9
_e L +
r (16)
(tjﬁz (tjﬁs (tJB7 (tJBB (tjﬁg}
|| — + — + — +H— | | —
n2 Ns n7 g N9
+el -
_(tjﬁz (tjﬁs (tjm (t]BS (tjﬁ7 (t]BB (tjﬁg
|| — + — + — + — + — +H— | +H—
o n2 n3 Na Ns n7z Ng N9
in figura 3 se prezidtvariaia importanei celor The variation of importance the system’s nine
noui elemente ale sistemului, tfutd prin rezol- elements, obtained by solving the equations (14)
varea cu ajutorul calculatorului a egiar (14). using a computer, is presented in figure 3.
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Figura 3. Variga importanei elementelor sistemului in futhe de timp
Figure 3. The variation of the importance of thstegn’s elements depending on time
Pentru o valoarea a timpului de ftionare, de For a value of the lifetime, for example
exemplu t = 100, importaa celor no& elemente t = 100, the importance of the system’s elements is
ale sistemului se prezinin figura 4. represented in figure 4.
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Element importance

Elernent number

Figura 4. Importata elementelor sistemului la t = 100
Figure 4. The importance of the system’s elemetnfseatime t = 100

4. Concluzii 4. Conclusions

Importana elementelor sistemului asoai The importance of the system’'s elements
gardul in care aceste elemente contribuie laneasures the degree in which they contribute to the
defectarea sau pana sistemului. Determinagiea system’s failure/breakdown. The determination and
evaluarea importaei elementelor sistemului cu evaluation of the importance of the elements of
structud complex depinde de modul in care sunt systems with complex structure depends on the
specificai parametrii de fiabilitate. In plus, trebuie manner of specification of the reliability
luati Tn considerargi pozitia pe care elementul o parameters. In addition, we take into account the
are in diagrama de fiabilitate a sistemului. Ca oposition that the elements have in the system’s
consecira, Tn cazul in care elementele sistemuluistructure or in the logical reliability diagram. As
prezint aceegi fiabilitate, importama lor la pana consequence, in the case when all the elements of
sistemului depinde numai de modul in care sunthe system have the same reliability, their
conectate Tn sistem. importance to the system’s failure depends on the

way they are connected in the system.
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