Journal of Mathematics and Statistics 6 (3): 264;2®©10
ISSN 1549-3644
© 2010 Science Publications

Reliability of Simple 3-Dimnesional Consecutive k-Out-of-n: F Systems
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Abstract: Problem statement: In this study, the reliability of some special €a®f a 3-dimnesional
consecutive k-out-of-n: F system and k-within cangize @,2,2) -out-of- (m2,2): F system were
discussedApproach: The 3 dimensional systems is a generalization afid 2 dimensional, systems.
Projections from 3 dimensional systems to 2 ormettision as special cases is very helpful to fird th
reliability of these 3 dimensional systerfResults: Many reliability expressions for the 3-dimensional
consecutive (kk,ks) -out-of- (m,n;): F system for some special values of k, ks, m, n,c are
presented. Further, the reliability of k-within @, 2)-out-of-(m,2,2): F system using Markov chais
consideredConclusion/Recommendations: In general, it is difficult to find the reliabilitof (ky,ko,ks)
-out-of- (m,n¢): F system, we studied special cases of this systed recommend generalizing the
result for any value of k k;, ks, m, n,c. This study presented the reliability formulassahple 3D
systems using results of consecutive k-out-of-systems and 2D consecutive k-out-of-n: F systems
and Markov chains.

Key words: (1, 2 and 3) D-consecutive k-out-of-n: F systenwitin (ki,ko,ks) -out-of- (m,ng): F
system, Markov chains

INTRODUCTION Similarly the 3D- consecutive k-out-of-n: F system
(denoted by ¥r*: F) is defined as a cube of side n
The consecutive k-out-of-n: F system has beemontaining fcomponents. The system fails if there is at
extensively studied in recent years (Bollinger andleast one cube of side ks#i<n) that contains all failed
Salvia, 1982; Chen and Hwang, 1985; Dernatial., components (Akiba and Yamamoto, 2002; Akébal.,
1982; Shantikumar, 1982; Cluzeau and Keller, 20082004). Also more general model of 3D- consecutive k
Lambiris and Papastavridis, 1985). The system iout-of-n: F systems (denoted bykis|mnl: F). It is a
specified by n, the number of components, wheré eaccuboid of  dimension AnX / (containing
component either functions or fails. The systertsfdi  m.n./ components). The system fails if there is at least
at least k consecutive components fail. The 2D-one cuboid of dimension kk,xks(1< ki,kp,Ks,<m,n,l)
consecutive k-out-of-n: F system was introduced bythat contains all failed components. This studyegithe
Salvia and Lasher (1992) by generalizing the notibn reliability of simple 3D systems using results of
the consecutive k-out-of-n: F system. A 2D- consecutive 1 and 2 D- consecutive k-out-n: F gyste
consecutive k-out-of-n: F system (denoted B’k F)  addition to a special case of 3D- dimension systéich
was defined as a square grid of side n (containings k-within (2,2,2)-out-of-(m,2,2): F system, thigstem
n‘components). The system fails if there is at lemst  consists of (m,2,2) cuboid, the system fails ifr¢his at
square of side k &k<n) that contains all failed leastk failed components in any (2,2,2) cuboid.
components. Zuo (1993) proposed a more generallmode

of 2D- consecutive k-out-of-n: F system (denoted by MATRIALSAND METHODS
kiko] mn: F). It is a rectangular grid of dimensioxmm
(containing m.n components). The system failsaféhis The 3-dimensional systems is a generalization of 1

at least one rectangle grid of dimensiogxk¢(l< and 2-dimensional, system, projections from 3-
ki,ko<m,n) that contains all failed componentsdimensional systems to 2 or 1 dimension as special
(Yamamoto and Akiba, 2005). Boehmteal. (1992) and cases is very helpful to find the reliability ofespal
Yamamotoet al. (2008) defined a consecutive i) or  cases of the 3 dimensional systems. This studysdghe
(k1,ko) -out-of- (m,n): F system. In this case the systentreliability of some special cases of the 3-dimenalo
fails if at least one rectangle of dimensiopxks or  systems. To describe the problem, we introduce the
koxkjthat contains all failed components occurs.following notations and assumptions.
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Notations: . - P(S.=18=)
P =P = =1 =
(i) =P(S.=15=) P(5= 1
* p,g Components reliability (unreliability) of AT AR
component where p+q = 1 (j](i ]p q
* g«(n,j): Configuration of no consecutive k failed = N
components from j through the all n components (i]p“"d
: gelid - n-ik)(n-j+1
hich I -1 o
which equa ; ( )[j—ik][ i ] :(L'lJpA_JqJ
 a(m,j): Configuration of no connected 2 :
components in (m,2) system. If i+j =k the system will fail, so:
* R(k;n;p): The reliability of a consecutive k-out-of
n: F system P(§=1Su=))=0=PR(ij) =0
* R((k.k)i(mn):g: The reliability of a Hence; the reliability of the system will be ofeth
consecutive (k1,k2)-out-of-(m,n): F system form:
*  R((k.ky.ks);(mn,);9: The reliability of a )
consecutive (k1,k2,k3)-out-of-( m,n,|): F system R(k-(2.2,3;(m.22 :BFZ P (0]
«  R(k-(229(m,2}:p: The reliability of a k- a
within (2,2,2)-out-of- (m,2,2): F system RESULT
* S: Random variable count the failed component ofrpe reliability formulas of simple 3D systems. The
cuboid (2,2, in the 1" layer reliability of a consecutive (k,1,1)-out-of-(m,LI)F
«  P¢ Markov transition probability matrix system is the same as the reliability of conseeukiv _
«  Pyij): Element of transition probability matrix with out-of-n: F system. Therefore from (Zuo, 1993) if
status i and j ksm,n,¢:
| R((kL1) (m1d p= | kimp
Assumption: m—gilo[ K] (1)

= 2 g(mjp'd
» Each component and the whole system can only be =
either functioning or failed Also:

e All components are mutually s-independent
R((Lk){Ln):p= K knp

Lemma: For the k-within (2,2,2)-out-of-(m,2,2): F :"_“J%ﬂ'@gk(n,j)pn-jd 2)
system, if i,j the statuses of Markov chains, the i
transition probability matrix denoted, Bf the system
will be: and:
R((LLK{11):9= K kilp
4 AL 1-gilb[I[K] o (3)
P (i) = [Jp @ sk = 3 a(L)pd
0 i Bk ’
A consecutive (l,l,))-out-of-(m,r,);: F system

and: reliability is the same as the reliability of a iser

system consisting of m.n.| components. Therefore:

R(k-(223 {m,2? B"iﬁ; P( 9l R((1L1) (m.n) :p= K Lma ;p= p” (4)

The reliability of a consecutive (mm)-out-of-
Proof: If i+j<k then the number of failed components (m,n,¢): F system is the same as the reliability of a
in the layer r+l does not depend on the numbeaitéd  parallel system consisting of mm. components.
components in the layer r, so: Therefore:
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R((119 (m.n¢) ;p= R mh ;mn Jo= 4 "g” (5)

The reliability of a consecutive

(k,I,1)-out-of-

R((m LK (mne) p=] K knz )] (12)

and, for consecutive (k,l,l)-out-of-(m,n): F system,

(m,n,7): F system. In this case the system consists of ;4,4 reliability will be:

parallel (m,n)-matrix, any (m,n)-matrix is
a consecutive (k,)-out-of-(m,n): F
accordance with our definition, the syste
least one row of any (m,n)-matrix

consecutive failed elements occurs. Then the syste

considdras

e R(OL)(mn) = K nkx §] 13)
includes k-

operating if all of the rows (consider as a conigelk-
out-of-m: F system) are operating. Since the elesmen AT
fail independently, the rows and the matrices fail R((Lk.) (m.ns) ;9 =[ R mkt q)] (14)

independently.

r%nd, for consecutive (l,k)-out-of-(m,n,¢): F system,

the reliability will be:

The probability that the (m,n) matrix does not fai and, for consecutive (I,n,k)-out-of-(m/m): F system,

is equal to the product of the probabilitie
of this matrix do not fail, therefore:

R((kD(mA) 3 =[ R km:p]

and:

R((k1d{m.ne) i =[ K kmip]”
Analogously for the consecutive
(m,n,7): F system, the reliability function:

R((Lk3 { mng) y=[ K kn;p]™

s thet tows

(6)

(7)
(I,k,))-out-of-

8)

And for the consecutive (l,I,k)-out-of-(mn): F

system, the reliability function:

R((LLK { mne) y=[ K ke ;p™"

©)

A consecutive (m,k,l)-out-of-(m,n,): F system, in
this case, the system consistg pérallel (m,n,)-matrix.
Any matrix is considered as a consecutive (m,k}afut
(m,n): F system. In accordance with our definititire

system will fail if k-consecutive columns each components fail, therefore from (El-Sayed, 1998):

including m failed elements occur of any

(m,n,)mxat

the reliability will be:

R((1n,K {m.ne) ;=] K mkz bﬂm (15)

A consecutive (m,n,k)-out-of-(m,n): F system
(k< ¢). The system fails if k consecutive (m,n)-matrices
each including m.n failed elements. Then we can
consider-matrices as new “element” with failure
probability d"" and reliability 1-§", the system
equivalents to consecutive k-out-of-F system having
the reliability R (¢ ,k;1-g™").

Analogously, for consecutive(m,k,¢)-out-of-
(m,n,¢): F system (kn), the system equivalents to
consecutive k-out-of-n: F system having the religbi
R(n, k;, 1-q™) and for consecutive (k,n{)-out-of-
(m,n,¢)-: F system (km), the system equivalents to
consecutive k-out-of-m: F system having the religbi
R(m, k;1-qg"").

A consecutive (1,2,1)-or-(2,1,1)-out-of-(m,2,1): F
system. The system consists of (m,2)-matrix ileg t
reliability of the system is the same as (1,2)t)-
out-of-(m,2): F system, because it fails if 2 cocted

Then we consider the column as new “element” withR((1,2,)- or-( 211L( m,2)1 )k
failure probability §' and reliability 1-§ and any (m,n)
matrix as a consecutive k-out-of-m: F system, hgvin

the reliability R(k;l;1-d"), therefore:

R((mk3 {m,n¢) ;9=] K nkz ’d)}f

Analogously, for consecutive
(m,n,¢): F system, the reliability will be:

R((kn.d (m.ng) p=[ K kmz 1]

(10)

(k,n,-out-of-

11)

and, for consecutive (m,l,k)-out-of-(m/m): F system,

the reliability will be:
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2 5 m
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Also: Also, the reliability of k-within (2,2,2)-out-of-(18,2):
F system is derived easily using Markov Chains.
R((l,Z,J)— or—( 2,1,)} _ R[( 1p- or ;
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