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THE CONCEPT OF FUZZY RELIABILITY OF SYSTEMS

Summary Tho theory of reliability playing an important role is
based raainlv on probability theory. There are some problems whioh
oould be discussed basing on subjective and objeotive kind of infor-
mation.

The paper doals with the oonoept of fuzzy rellability,reformula-
ting some baaio notions in the sense of fuzzy cot theory (e.g. fu-
zzy Tailure, reliability, moan time between failure) and presenting
tho idea of ealoulating the reliability of oomplioated structures.
The proposed oonoepts aro compared with others established by means
of probability theory.

1. Introduction

Nowadays tho theory of reliability plays an important role and has &
valuable plaoe in engineering branohes of knowledge ([ij ,[2J , [3J3)-Although
it has worked out a vide range of mathematical tools, especially probabi-
listic, for handling reliability aepeots of the system in a formal way,
there ore some problems whioh oould be discussed basInc on subjective and
objeetivo kind of information.

It in a well-known fact that in the case of many objeots, usually oom-
plioated euos, the characteristics of reliability e.g. Intensivity of re-
liability X are not known exactly or oeuld not be expressed preoisoly but
ootsmonly their values are established under the influence ef human way of
thinking, fuzzy in its charaoter. |1

Tho paper deals with the eenoept of fuzzy reliability, defining somo
basio notions. We reformulate them iIn the sens.) ef fuzzy set theory,intro-

" duoing fuzzy failure, reliability, mean timo between failure. The. second
part of paper presents the idea of calculating tho reliability of compli-
cated system, If the struoturo and elements of it are given (e.g.parallel
and serial structure). 1

Numerical examples of electrical circuits illustrate the proposed ide
pointing eut their main features comparing simultaneously the obtained re-
sults with others established by means of probability theory.
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2. Dasic notations and notions

Commonly while discussing the reliability and failure, we take into
aooount a oolleotion of features of the oonsidered object vhioh generally
could be measurable and nonmeasurable.

If we distinguish:

m - the number of measurable features,
n™ — the number of nonmeasurable ones,

then the notion of failure used very often is defined as follows:

. Cmifr<w® 5ml] °r 3 cnd =0 @
Litksy 15=J<n
£O0N, - the interval of toléranos (in many oases ohosen subjective-

ly) of the i-th measurable feature cn”~f cnj denotes the J-th nonmeasuro-
ble feature and we have:

0, if the feature is out of order

@)

1, iIf the feature is oorreot

Next the reliability of the objeot is expressed as the probability of its
oorreot running, 1i.e.

Def. 2

R(H) =Pf Vv omi « [°,ni(Y), , V. Ccnl = (©)
[16i7n1 1<EP M2 L =

where 0 (t) stands for the conditions of environment expressed as atoohas-
tio process:

0(0 =~(t), 02(r),...d (Gy)

Next let us reformulate def. 1,2, introducing the oonoept of fuzzy set
theory , whioh enables not to make a distinction between measurable and
nonmeasurable features:

Def. 3. The failure of the objoot we moan the existence of probabilistic
event that fuzzy set of feature doosn"t form an element the family of fuz-
zy tolerance, i.e.

3 Smi 1 ?2Li(*"" ®
1=Si«n
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whore

IR (or subline of 1R ), if the feoturo "1 is

. _ asurablo ono,
iff the feature "i" is nonmeasurablo and

e introduced soalo is weakest one (no-
minal soalo)

ritp) =« )|xe )] (6)
1t(*> = | VRS @

i(y) - the family of all fuzzy sots defined on 3?,

- border fuzzy set of toleranoe given by its membership function

(©)
1
(n-nuabor of oonsiderod features)
Putting down:
(1) for measurable feature:
Fz OP = — {o,ill inf supp G. = C .supsupp G - °mi- offts[o, I (&)
11 I ) xX€* <X 7 XC» P {

we get Eq.1 (see Fig. 1

Fig, 1. Toleranoe interval as a special
oase of border fuzzy set of toleranoe G

(ii) similarly for notuaeasurable feature we get:

Fz,x(-V) =|x:3—{o0,l1}j (1)
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Next wo introduce the definition of reliability a# fellows:

nf(t) =pl vy ctaie 7t (* ) |"(t),t e{o,t]J (1D
[ i1si<a 1 , J
whore
J. (»):\] X )IXCX - 12)
1 1 \Y
i.e.
Fzt (*) =j»x [0,T]- fo,I] Jux(X,t) S ¢1G (X,t)]} @

Thou for eaoh instant time moment fixing index 1 (i = i, ) we have:

RAM)- = \J £iG (X, t)dx R(L) av,
X ~
whore .
R(t) = pjCa=t| as)

stands fer reliability fusotion of element.
Putting deva

*G(t) = /i16(x t)dX (16)
" i N

which is called a degree of fuzziness (or cardinal number) *f fuzzy set
we obtain:

Rj.iH) = R(t) <R (t)* an
(>3

Another important index of reliability suoh as mean tiwo between failures
i® defined in the form of integral:

= J*Rj.(t)dt @8)
0

"tbf

t if yc(e) f 1 thea

Iuct) = R(E)
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Eianpie. At the design stage of the system fuzzy set of toleranoe of oa-
paoitor C was arbitrary given as follows:

H CI[nF]
9 1 1.1 1.2
100[b}\
0 0 0 1 0 0
2 .2 7 1 .9 .5
2.5 5 in 1 1 6
3 1 1 t 1 1

It is easy to see that degree of fuzziness of the toleranoe interval grows
up In time, what is in aoo"ordanoe with the intuition; we cannot predict
the future state of oapaoitor olearly, in detail.

Vs assume the reliability funotion of oapaoitor is given in the form:

R(t) = exp (-At)
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whore A= .01 . 10 = 10"8j™J. Obtained results of computations o

nr(t) and R(t) are depiood in Fig. 2. Taking into aooount the rolatio:
given by Eq. 17" and noticing that usually (@ 1is an increasing fuotiei
of time, It is interesting to see that H”t) should bo a dooreasing to
tion of tfme, so tho following oondition needs to be satisfied:

diL.(D
~dt ~0 a

Assuming additionally the exponential shape of reliability function sui
differentiability of ipG(t) we have:

R*() (1) + R(E) MG(t} < O @
(«9) o

(Tt A 2
Of oourse, if G 1is a normal fuzzy set (supu_(x,t) = 1) and to =1 the

Vt) = R(). *  *3 G

Reliability function of the structure of the system

Now let us state the reliability function of the struoture of elemit:.
At first let us remember the extension prinoiple [6J. For fuzzy sot of

tolerance Cmi i = 1,2,...»K, if the struoture of the system is time ina

riant and given by moans of funotio_n F,fuzzy sot of tolerance of the as-
tem C *is equal to:

S = FMEml* ~m2 ”* 7" "5mk

so
g ,0) = i t), *k ,t M
d (y.) = sup [min (p&‘@)l(x )) ig,inQ u_ ( ))?J
and X" >*2, ... el 1Y)
RF(D = R(D (Sg (@) (£

holds true, where R(t) depends on the struoture of tho system and relia-
bility funotion of each of tho element

R(O =T [R,(D, RZ(D),.-., Rk(D)] {26!
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Example. Let us disouss the reliability function of tvo structures of sy-
stems widely used, i.e. serial and parallel. We assume that intensivity of
faults of each of the element of tae system is invariant in time and we
have :

R, (t)

1
(0]

@n

and ILjCY)

1
@

(28)
Similarly £](*) and £37*) &ro 6iven 33 well and do not depend upon time.
X 10 20 30 ko 50 60 70 80 90 100 110 120 130

*%Gj 0 .2 A .8 1 3 .2 1 .1 0 0 0 0
®Z.2A1.9.7.5A.2.2.1000

So we get:
R(t) = RAtJ.Rgit) 29
and
Y=61 * & (30)
i.e. R(t) = 0“BY, %= ¢9, + %z G1)
u,(z) = sup [“in/tyic (€]
x,y)eF-"(2) -1

»here F is a sum of x and y: z = F(X,y) = Xty.
The membership funotlon of C is equal as follows.

X 10 20 30 ko 50 60 70 80 90 100 110 120 i30

< o0 2 2 2 2 A 8 9 9 .7 .5 .3 .3
raking concrete numerical values 3 = 310"~ = .25.10 ™ £gj wo get:
a= 3.25 10_6[e]» = 6%6 80 Rf(t) = 66 exp (“3-25-10"6 t)

Using the same way we could compute reliability of parallel structure:
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which is equivalent to the follow imp, equation:

(€9)
1.0.

(€D
and the reliability function Itft) ia expressed as

(€9))

Concluding remarks

The idea presented here is an attempt to overcome and formalize some

difficult problems of a heuristic nature, using a concept of fuzzy 3C*
theory whioh is natural iIn these cases.
The well-known difficulties of estimation of reliability characteristics
are strong enough, so the subjective way of thinking 1in order to ohoose
the tolerance intervals leads to the neooessity on constructing a model
based on probability-fuzzy information.

The obtained results are in agroemont with designer’s intuition. The
presented method could bo useful in many areas of designing, especially
facilitating the sensitivity analysis, although it should be emphasized
hore, that further research in this field as well theoretical as apllica-
tional one is needed.
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list of symbols

n - fuzzy set £
n _membership funotion of fuzzy aot X

- universe of disoourse
?1%) - family of fuzzy aots defined in Vv
V*> - space of fuzzy tolerance
fz(#) - family of membership functions of fuzzy sets defined iny
X - characteristic funotion of aet X

Gx

Xy- o - cut of fuzzy set X with the oharaotoriatio funotion:

1,if jix",x)>3
x0f: 0,othorwiso

[V™Sni] — ~“n*erva™ d” tolerance of the i—th feature

sup X - support of fuzzy set X
el ( w1l
pp X = | x«*[pX(GO > 0]

KCHIENiIHH PACrUIHBHAIOtt HAJtFcKHOCTH CHCTEMH

Peaiome

Teopaa HaliexnocTH, HMewnai! Bee OoliBHee 3HaweHHe, ocHOBHBaeTcs rzaRHBM
oOpaaoM Ha leopa» BepoaTHOcTeii. 0*Haxo BO3HHxaioT npofineMK, xoTops-e uoxHa
peaaTb Ha OCHOSe CyCBeKTHBHOti H OCBeKTHIIHOtt HH'tlOpMaUHH.

PaOoTa nocBHEesa KonuenmsH pacnxHBwaTofi HaxexHocTji, dtopMyxupyer ee oc-
HOBHHe NnOKHTHH HO OCHOBe leopHH paCHJIRBHaTBDC HHOXeCTB (TaKKX XaK: pacmiilB-
lamR otkl3, Ha”exHOctb, cpejsnee Bpeua ao OTKa3a) h zaei onpeAeJieHHX
sajeiHocTH cjiojkhux cTpyxTyp. -

flpejyiaraeMne xoHuenrtHH cpaBHHBajoTc/t ¢ coothozbhhumh kohubiihhhmh h3 o0Olia-

oih TeopKH aepoHTHOCTefi.

KONCEPCJA ROZMYTEJ NIEZAWODNOSCI SYSTEMOW

®troazozenie

Teoria niezawodnos$ci”majgoa ooraz wieksze znaczenie, bazujo gktwnio na
teorii prawdopodobienistwa. Pojawiaja sie problemy, ktére noga by¢ dysku-
tonvane w oparciu o subiektywny i obiektywny rodzaj informacji.
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Praoa dotyozy bonoopoji rozmytej niezawodnosci,formutuje jJej podstawo-
we pojeoia w sensie teorii zbioréw rozmytyoh (tj-
zawodmos$é, ¢rodni ozas miedzy uszkodzeniami)
nia niezawodnosci zloZonyoh struktur.

rozmyte uszkodzenie,nie-
i prezentuje ido? wyznacza-

Proponowano koncepcje sa poréwnywane z odpowiednimi

konoepojami bazuja-
cymi na gruncie teorii prawdopodobienstwa.



