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Abstract

A non-stationary approach to reliability analysfstwo-state series and consecutiva 6ut ofk: F” systems is
presented. Further, the series-consecutimeolit of k: F” system is defined and the recurrent formulae itfs

reliability function evaluation are proposed. Moreg the application of the proposed formulae toabdity

evaluation of the radar system composed of twestaponents is illustrated.

2. Reliability of a series and consecutiverfi out
of n: F” systems

1. Introduction

The basic analysis and diagnosis of systems rétiabi
are often performed under the assumption thatéiney In the case of two-state reliability analysis ofisg
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 componentk;, i =12,...,n,

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

the reliability state 1. For this case the mairultsson
the reliability evaluation and the algorithms for
numerical approach to consecutivk 6ut of n: F”
systems are given for instance in [1], [2], [6]], [®].

F () =1-R(t) =P(T, <t),t0<0,0), is the
distribution function of the componerg; lifetime
T, 1=12,...,n, also called an unreliability
function of a componenE,, 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 @re®d ’

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

the results on reliability of the two-state serasd
consecutive tout of n; F” systems into the formulae
for the reliability function of the series-conseeat‘m
out ofk: F” systems with dependent of time reliability
functions of system components [3]-[5].

T= min{T,}.

I<i<n

The scheme of a series system is giveRigure 1
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Figure 1.The scheme of a series system

The above definition means that the series system i
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

the series system reliability functidTan ) =P(T >1),
t[0< 0,0), is given by

R, (1) = iﬁla(t), t0< 0,c0). (1)

Definition 2. A two-state series system is called
homogeneous if its component lifetimd@s have an
identical distribution function

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

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

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

The above definition results in the following sinfied
formula

R, (1) = [RW)]", t0<0,), (2)

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

Definition 3 A two-state system is called a two-state
consecutive M out of n: F” system if it is failed if and
only if at least itgn neighbouring components out of

its components arranged in a sequendg pE,, ..., E,
are failed.

After assumption that:

- T is a random variable representing the lifetime of
the consecutiverfi out ofn: F” system,

CR™(t) = P(T >t),t0<0,:0), is the reliability
function of a hon-homogeneous consecutiveout

of n: F” system

CF. (™ (t) =1-CR™(t) = P(T <t),t 0<0,0), is the
distribution function of a consecutiven‘out of n:

F” system lifetimeT ,

we can formulate the following auxiliary theorenj. [6

Lemma 1 The reliability function of the two-state
consecutive  out of n: F” system is given by the
following recurrent formula

1 forn<m,
n
1-nF®) forn=m,
i=1
CR™ (t) = 3
O R,(CRI (1) )
m-1 (m)
+ Zan_ i (OCRAA (1)
J:
n
O nF®) forn>m,
i=n-j+1
fort < 0, o).

Definition 4. The consecutiverti out ofn; F* system is
called homogeneous if its components lifetimgsave
an identical distribution function

F(t) =P(Ti <t),i=1,2,..., nt0< 0,),

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

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

Lemma 1simplified form for homogeneous systems
takes the following form.

Lemma 2.The reliability function of the homogeneous
two-state consecutivent out of n: F” system is given
by the following recurrent formula

1 forn<m,
1-[F@®)]" forn=m,
(m)
CR,&m)(t) - R(t)CR,1 (t) @)
m-1 .
+RO X F (1)
j=1
[CR{T) (t) forn>m,
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fort < 0, ).

Lemma 3 The reliability function of the two-state

series-consecutivent out of k: F” system is given by

3. Reliability of two-state series-consecutiverti
out of k: F” system

the following recurrent formula

. . . CR™ ()=
To define a two-state series-consecutive dut of k: bl
F” systems, we assume that
1 for k <m,
Eij, i = 1,2,...,kJ = 1,2,...|,i,
ko
are two-state components of the system having |1- I_ll [Fa, (D] for k=m,
reliability functions i=
Ri(t) = P(Tj >1), t0<0,), [Ru, OICR, ., (©)
- 1202000 k (7)
where -
+3 [Rij. (]CR™ t
12 ki =12k 2 [Rich, OICRT 1y, O
are independent random variables representing the Ko
lifetimes of components; with distribution functions O[] Fu ) for k>m,
i=k—j+1
Fij(t) = P(Tij < t), t0< 0, 00).
Moreover, we assume that componeigs, E;., ..., 1 for k<m,
E”‘ , 1=1,2, ...k create a series subsyst&n
i=1,2, ..k and that these subsystems are arranged 1- X - ! ®] for k=m,
in asequencs,, S,, ..., S,. D DRJ'
Definition 5. A two-state system is called a series- I
consecutive  out ofk: F” system if it is failed if and MR (t)]CRlifj)l o (®
only if at least itsm neighbouring series subsystems = D : Mtz (8)
out of k its series subsystems arranged in a sequence
of S, S,,..., S, are failed. met i
2[R OICRE, L ©
According to the above definition and formula (gt = =
reliability function of the subsyster§, is given by
k ! for k>m,

o1 g-[R,
1, [] R0

fort < 0, ).

_ I

R, ()= jl_:llRij (t) ()
and its lifetime distribution function is given by

_ — I

Fi, (t)=1- Ri, (t)=1- jI:IlRij (t), (6)

Motivation. Assuming in (3) thatR (t) =§i,i (t) and
F)=F, (t)=1-R,, (t), we get formula (7) and

next considering (5) and (6) we get (8).

fori=1,2,..., ktO<0,0).

Definition 6. The series-consecutiven“out of k: F”

Hence and bylLemma 1 denoting by cRY, @

=P(T>t), t0<0,0), the reliability function of the

series-consecutivent out of k: F” system, we get the
next result.
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Definition 7. The series-consecutivan®“out of k; F*

system is called homogeneous if its components

lifetimes T have an identical distribution function

F(t) = P(Tij < t), i=1,2
t[0< 0, 00),

K j=1,2,.5)

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

function

Rt) =1-F(t),i=1,2,...
t[0< 0, 00).

kij=1.2,...

Under Definition 6 and Definition 7, denoting by
CR(t) =P(T >t), t0<0,0), the reliability function of
a homogeneous and regular series-consecutiveut

of ki F” system, fromLemma 3 we get following
result.

Lemma 4.The reliability function of the homogeneous
and regular two-state series-consecutiwe dut of k:
F” system is given by

1 for k<m,
1-[1-R' ()] for k=m,
R' (t)CR™ (t
CRI((T)('[) — ( ) k-1, ( ) (9)

+ Z RIOCR, ()
Mm-R @)™ for k>m,

t 0< 0, ).

4. Application

Example 1l.Let us consider the radar system. The
system is composed &f= 5 radar towers. We assume

that every radar tower is the series subsystem with

components: a radar, an antenna, an emitter aetl a s
We assume that radar system is failed, if its two
consecutive of five towers are failed. It meand tha
consider a regular two-state series-consecutiveut?

of 5: F” system.

Considering formula (8\nd after assuming that = 2,
k=5andli=l,=l3=l,=1ls=1 = 4, we get the
following reliability function for radar system:

-form=2k =1:
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CR}, 11, =1 for t0<0,0).

-form=2k=2:
|l llsly, |5(t) =1- |_| [1- I_l RJ Q]

= Ru(OR,(OROR.()
*+ Ry (D) Rpa (1) Ry () Raa (1)
~ Ru(OR,(OR3(OR,(0)

Ro1() Ros () Roa () Ros (1),

fort < 0, ).

-form=2k=3:

|1|2|3|4|5() [I_jps,(t)]c Thlalels(D

+[|] RZV(t)]CR£|1| alals (t) - |_| Ry, (1]

=[RayR2ORssORDICRSY 11, (8
+HRuOR MR RADICR ), 1, O

(L= Re3 (t) Rea () Raa(t) Rea (1)1,

fort <0, ).

- form = 2andk = 4 we get

CR!(2)

40105005,

Iy |(t) [l_'RA (t)]CRéu Jgls |5(t)

+[|_‘| Ra/(t)]CRg Jlolsla |5( ) [m-_ ” R4V(t)]

=[Ru (R (1R (HRy, (t)]CR( 2

3llo 5 la s

+[Rs; (1) Raz (1) Rez(H) R4 (1)]CR{Y

2,13,05,13,14l5

(=R (OR(OR3(OR.0)],

(10)

(11)

(12)

(t)

(t)

(13)
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fort <0, ).

-form=2andk = 5

CR{? ) =I - Rs; (DICR(Y (t)
5|1| I3l ls D j [ P P A

HTRWOICRE), 1,0 T (1R, )

=[Rey(®R2 (O Rsz (MR, (DICR,) (t)

1100500 ls

HRiu(ORORys (R (DICR?Y,

| |3|4|5

[[1- Ry (D Re2 (D) R (D) Rea (D)1, (14)

fort < 0, ).

In particular case when we assume arbitrarily thewt
lifetimes T; of the components;, i=1, 2, 3, 4, 5} =
1, 2, 3, 4, of the radar towessi =1, 2, 3, 4, 5, have
an exponential distributions of the form

Fu) =R () =F5, () =

Fu®) =F; )

=F, {)=1-expfAt), fort0<0,), 4, >0, (15)

Fio(t) = Fp(t) = Fap(t) = Fya(t) = Fso(t)

=F, {)=1-expfA,t}, fort0<0,0), 1, >0, (16)
Fia(t) = Fpa(t) = Fsa(t) =

Fua(t) = Fs5(t)

=F,(t) =1-expfA}, fort0<0,0), 4, >0, (17)
Fra(t) = Fau(t) = Fs(t) = Fa(t) = 5, ©)

=F, {)=1-expfAt}, fort0<0,w), 4, >0, (18)

i.e. if the ralibility functions of the componerts, i =

1,2,3,4,5/=1, 2,3, 4, of the radar toweSs i = 1,

2,3, 4,5, are given by

Ri(t) = Ry (1) = Ry () = Ry (t) = Rey (1)

=R () =expfAg, fort0<0,00), 4, >0,  (19)

Rio(t) = Rep(t) = Rea(t) = Ry, (1) = R(t)

=R, (t) =expfA,t}, fort0<0,), 1, >0, (20)
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considering
following

CR(SU 11O of a regular and non-homogeneous

Ri3(t) = Rya(t) = Res(t) = Rya(t) = Res(t)

=R;(t) =expfAt}, fort0<0,0), 4, >0,

Ri4(t) = Ros(t) = Roy (1) = Ry(t) = Rs(t)

=R, {)=expfAL, fort0<0,), 4, >0,

recurrent formula for the

radar system

CRY, 11 (D=1 fort0<0,0).

CR{®

205050005
—expf2(A, +A;, + A3 + A,
fort <0, o).

C L(O=expf2(l, + A, + A5 +A,)}

|1 Iy 0gls,
-expf3(A, + A, + A, + 4,8
+expfA + A4+ A+ AL,

fort <0, ).

CRD 11,0, (0=3expf2(A +4, + A5 +4,)
—expfa(A, + A, + A5 +31,)t},

fort <0, ).

CR? D O=eXpES(A +, + A5 +A,)t

—4expfaA, + A, + A, + A

+3expf3(4, +4, +A; +A,)t

+expE2(h + A+ + A,

fort < 0, ).

(21)

(22)

(10)-(14) and (15)-(22) we get the

reliability

(1) =2exp{-2(A, + 1, + A3 + A )t}
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5. Conclusions [9] Malinowski, J. (2005).Algorithms for reliability
The paper is devoted to a non-stationary approach t evaluation of different type network systems,

reliability analysis of two-state series and consige WIT, (in Polish), ISBN 83-88311-80-8,
“mout of ki F” systems. Two recurrent formulae for ~ \Warsaw.
two-state reliability functions, a general one fam-

homogeneous and its simplified form for regular and
homogeneous two-state series-consecutiveut ofk:

F” systems have been proposed. The formulae for a

regular and non-homogeneous two-state series-
consecutive m out of ki F” has been applied to

reliability evaluation for radar system. The coesat

radar system was a regular and non-homogeneous two-

state series-consecutive “2 out of 5: F” system.

The input and structural reliability data of coresied

radar system have been assumed arbitrarily and

therefore the obtained its reliability function &ation

should be treated as an illustration of the politis

of the proposed methods and solutions only.

The proposed methods and solutions may be appulied t

any two-state series-consecutiven “out of ki F”

systems.
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