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Abstract

A non-stationary approach to reliability analysfstwo-state series and consecutiva 6ut of k: F” systems is
presented. Further, the consecutive dut of ki F’-series system is defined and the recurrennidae for its
reliability function evaluation are proposed. Moreg the application of the proposed formulae tioabdity
evaluation of ... composed of two-state componenittustrated.

1. Introduction 2. Reliability of a series and consecutiverti out

The basic analysis and diagnosis of systems rétiabi of n: F” systems

are often performed under the assumption thatéiney In the case of two-state reliability analysis ofieg
composed of two-state components. It allows us tosystems and consecutiven‘out of n: F” systems we
consider two states of the system reliability. it assume that ([5]):

system works its reliability state is equal to H ahit - nis the number of system components,

is failed its reliability state is equal to 0. Rddility - E;,1=12,...,n, are components of a system,
analysis of two-state consecutivé& ‘dut of n: F” - T, are independent random variables representing
systems can be done for stationary and non-stagiona  the lifetimes of a components;, i =12,...,n,

case. In the first case the system reliability hie t - R (t) =P(T, >t),t0<0,0), is a reliability
independent of time probability that the systeninis function of a componenk,;, i =12,...,n,

the reliability state 1. For this case the mainutsson - F,(t) =1-R (t) = P(T, <t),t < 0,), is the

the reliability evaluation and the algorithms for  distribution function of a componeng; lifetime
numerical approach to consecutivk 6ut of n: F” T, i=12,...,n, also called an unreliability function
systems are given for instance in [1], [2], [6]], [®]. of a componeng;, i =12,...,n.

Transmitting stationary results to non-stationanyet n further analysis we will use one of the simplest
dependent case and the algorithms for numerica,LyS,[em structure, namely a series system

approach to evaluation of this reliability are Emeed ’ '

in [3], [4]. Other more complex two-state Systems a pefinition 1 A two-state system is called series if its
discussed in [7]. The paper is devoted to the combi  |itetime T is given by

the results on reliability of the two-state serasd

consecutive fh out of n: F” system into the formulae 1= min(T}.

for the reliability function of the consecutiven‘out of Isisn
I: F’-series systems with dependent of time religbil _ S
functions of system components ([3]-[5]). The scheme of a series system is giveRigure 1.
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1 K E, | . . .1 E |— 1 forn<m,

Figure 1.The scheme of a series system
n forn=m,

The above definition means that the series system i 1_i|:|1Fi ®
not failed if and only if all its components aretno
failed or equivalently the system is failed if ah$t one
of its components is failed. It is easy to motivtiat M ey — (m)
the series system reliability function is given by CRy™ (1) =1 Ry (DCRy (1) 3)

— n

Ro(® = IR (0, t0<0,). (1) .

- TR (OCRILW
Definition 2. A two-state series system is called =
homogeneous if its component lifetimd@s have an
identical distribution function 0 ﬁ F. () forn>m,
i=n—j+1

Ft) =P(T; <t), tO<0,0), i =1,2,...n,

i.e. if its componentss, have the same reliability fortt<0,).

function
Definition 4. The consecutiverti out ofn; F* system is

R(t) =1-F(t), t0<0,00). called homogeneous if its components lifetirmgisave
an identical distribution function

The above definition results in the following sirifipd

formula F(t) = P(T| < t), i= 1,2,...,nt0< 0,00),
ﬁn(t) = [R(1)]", tO<0,00), (2) i.e. if its componentss; have the same reliability
function

for the reliability function of the homogeneous two
state series system.

Definition 3 A two-state system is called a two-state Lemma 1simplified form for homogeneous systems
consecutive th out of n; F” system if it is failed if and takes the following form.

only if at least itan neighbouring components out of o
are failed. consecutive fnh out of n: F” system is given by the

following recurrent formula

R1) = 1 -F(t), t0< 0,00).

After assumption that:

— T is a random variable representing the lifetime of forn<m
the consecutivert out ofn: F” system,

- CR™(t)=P(T >t),t 0<0,:), is the reliability
function of a hon-homogeneous consecutiveout 1-[F()]"
of n:( I? system -

- CF,™(t)=1-CR\"™ (t) =P(T <t),t0<0,), is the
distribution function of a consecutiven‘out of n: CRI™(t) =4 R(t)CRYY (t) 4)
F’ system lifetimeT ,

we can formulate the following auxiliary theorenj.[6

forn=m,

ml
+RUOXF' ()

j=1
Lemma 1 The reliability function of the two-state j

consecutive th out of n: F” system is given by the (m)
following recurrent formula [CRA4 ()

forn>m,
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fort <0, ).

I _ 1 forl; <m,
3. Reliability of two-state consecutive fh out of

|: F’-series system

To define a two-state consecutiva dHut ofl: F’-series

li
systems, we assume that 1- ]|:|1Fii ®) forl; =m,

Eij, | = 1,2,...,kJ = 1,2,...|,i, (m) _
CR™ (1) = (5)

Rt O%R mer, @

are two-state components of the system having

reliability functions

(m)
Rl(t) = P(le >t), to< O, 00)’ + ]Z:l R1| ](t)CRI ) 1(t)
where li
0Nk, © forl, >m,
-I-ijv I = l,2,---,kJ = 1,2,...l,i, V:|i_1+1

are independent random variables representing th@nd its lifetime distribution function is given by
lifetimes of components; with distribution functions
CFR™(t)=1-CRM™(t), i=12,.. k.
Fij(t) = P(Tij < t), t0< 0, 00).

Hence and by (1), denotin ‘”’”’2““”‘” t >t
Moreover, we assume that componeigs, E;., ..., y (1) J byRk' o OF A=,

t0<0,), the reliability function of the consecutive

E, ., =1, 2,... k create a consecutivey‘out ofl;: F” _

‘ , “mout ofl: F"-series system, we get the next result.
subsystemS, i=1, 2,... ,k and that these subsystems
create a series system. Lemma 3 The reliability function of the two-state

consecutive iy out ofl;: F"-series system is given by
Definition 5.A two-state system is called a consecutivethe following recurrent formula

“m out ofl;; F’-series system if it is failed if and only
if at least one of its consecutiven“ out of I;;: F” (nw“_m m)
subsystemsS, i = 1, 2,... ,k, is failed. R ©= |_|CR< (t) (6)

According to the above definition and formula (4§t 1 for I, =m
reliability function of the subsyster§, is given by

- [ F ) for I <m,
=l =1

_ IR, OCRTL (0 -

+ 21 RI| J(t)CRl(rIniJ)l(t)

O |_|Fll/(t)] for Ii >m,
v=li—j+1
fort <0, »).
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Motivation. Assuming in (1) thaR (t) = CR{™(t), we
get (6) and next considering (5), we get the formul

(7).

Definition 6. The consecutivem out of |: F"-series
systems is called regular if

.=l =l andmy=m=...=m=m,
where

[, mON, m<l.

Definition 7. The consecutiverty out of I;; F*-series

system is called homogeneous if its component[g]

lifetimes T; have an identical distribution function

Ft) =P(T; <t),i=1,2,... , k,j=1,2,...)
t0< 0, 00),

i.e. if its componentss; have the same reliability
function

RO =1-F(@),i=12,..,k]j=12,... t0<0 0).

Under Definition 6 and Definition 7 and formula (7),
denoting byCR"(t) =P(T >t), t0<0,), the reliability

function of a homogeneous and regular consecutive “
out ofl: F"-series system, we get following result.

Lemma 4.The reliability function of the homogeneous
and regular two-state consecutivey “out of I;: F’-
series system is given by

1 forl <m
[1-F' ()] for | =m
GRin (9= [IROCRT0 o
+ROZCRT, 0
F (1)) for I >m
t (< 0, ).

4. Conclusions

The paper is devoted to a non-stationary approach

formulae for two-state reliability functions, a gealer
one for non-homogeneous and its simplified form for

aTegular and homogeneous two-state consecutive “

out ofl: F"-series system have been proposed.

The proposed methods and solutions may be applied to
any two-state consecutivem® out of I: F’-series
systems.
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