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ABSTRACT

The present paper is investigated the Mathematical Analysis of Reliability of M Out of N Warm Stand by System
with Repair Facilities. Cold stand by and hot standby reliability systems are derived as particular cases of the
model. Here we are trying to use Rayleigh distribution to obtain equation of reliability. Reliability discussed

with table and graphically
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1.0 Introduction

Practical systems like power station coal
transmission system and wireless communication
networks can be modeled as multistage systems these
systems can perform their intended functions at full
capacity, different level of reduced capacity and of
course they can also be totally failed. The multistate
system models can represent equipment condition
with more accuracy and flexibilities than the binary
system models, where the equipments and the system
can also be in two possible states, working or failed.
K out of N system model is generalization system
reliability model and has also been studied
extensively in the binary context, where the system
and the components can also be in two states. Binary
K components out of n, G system works only if at
least & components work apparently. There is one K
value with respect to a binary K out of n; G system,
or k out on n; F system. The model of a generalized
multistate K out of n, G system and also of F system
has been developed by [7], [8], [9], [11], [15], [16]
and [17]. An exact evolution alongwith for multistate
K out of n — system with the independent component
is also obtained.

Some authors such that [3] discussed hot
standby system and gave a comprehensive literature
on survey of standby redundancy reliability analysis.
Here in warm standby system reliability model when
an operating component fails a standby component
becomes active and repair begins of failed component

after repairing it is in active mode. If failure occurs
when there is no one in active sandy then all
components are as good as total failure. Arulmozhi
[3] has worked on such a model and gave good
results.

Tian [2] obtained recursive formula by
focusing or probability of the system in states below a
certain sate d denoted by Qsd. For performance
evolution of multistate K out of »n system he also
obtained upper and lower bound of Qsd. Dhillon et.
Al. [6] discussed hot standby system.

Arulmozhi [2] have analyzed. Morkovian
parallel reliability system. Myer [11] designed to
achieve very low probabilities of failure after use
redundancy to meet these requirements. Cheng and
Tang [5] extended one stage weighted K out of N
model of two stage with components in common. He
developed algorithm to calculate the reliability and
generate the minimal cuts and minimal paths of two
stage weighted K out of » systems. Arulmozhi [3]
derived an equation for reliability of AM-out of N-
warm standby system with r» service facilities to
repair the failed component. This can be used in the
calculation of the other system measures.

Reliability of M-out of N-warm standby
system with service facility. Cold stand by and hot
standby reliability systems are derived as particular
cases of the model.

Here we are trying to use Rayleigh
distribution to obtain the results for equation of
reliability.
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2.0 Mathematical Calculation

Here the following assumptions are made as
follows-

a. The model is M-out of N-warm standby system.
If N-M+1 component fail, the system fails and at
least M out of N components are required for the
successful operation of the system.

b. There are R repair facilities to repair the failed
components (R < N)

c. Each component has a constant operating failure
rate and a

d. constant standby failure rate and a state
dependent exponential repair rate ...(1)

e. There is perfect switching and sensing and that
no warm up time is required.

Here the following notations are used.

N Total number of components in the system
M : Minimum number of components required for
the successful operation of the system.

Ay A

4 Failure rate of the operating and the
standby components respectively.

w: Repair rate of failed unit

Wi i=1,2,3,....R ...(2)

—ar?

2

Ry : at e - reliability of an operating component

i}
R; - at g 2
2t
Sy tAge ? - pdf of time of failure of an operating
component, and
— gt
Ja - A te 2 - pdf of time to failure of a standby
unit.
Jo Rs
respectively.
r - Life time of the first component

I

- reliability of a standby unit

pdfs and reliability of the system

(=12 N-M-Nand 0 <1, <f

Vi oo Random wvariable pertaining to repair time of the
ith component.

X - Random variable pertamning to failure time of the
ith component.

* o Product of terms.
N—=A—1

M—=Ad—1
II [
fl 4

Product of (N— M- 1)

The 1 Out of — 2 — Warm Standby System with
Repair Facility

Let us consider the simple case of 1 — out of 2
warm standby systems with one repair facility to
repair the failed components. The reliability of a
component with failure rate

de =2 0is

R () = fexr’[—_’}:rz ] fore=0.4
Let us define the events E1 and E2 as
E1 : Occurs when either the operating component
fails and the standby becomes operational, or the
standby fails and the operational component remains
operational. E2 Occurs when the remaining
component fails and this happens before the service
completion of the first failed component. In other
words, service completion takes place only after time
t. Thus we have

Mg A 4
a. PE]|=Ate? fe* dij+te? Atfe* di..(3)

b. e i 0 . T =t (4:'
E = - ! —+Y—\d
P(E,] /10(1‘ 'tl}e p[l}-\il’:j t

Where,

ty is the life of first component (z - #) is the operating
life of other component. y1 is the repair time random
variable of the /" component and x; is the failure time
random variable of the " component.

P[Jﬁ "ﬁ‘:l‘.]‘ P(E>t-1) Ex{,{_;ﬂi—r‘”
X | ’it. ]
LAt

-0)

!

,I"Y' > r? Jdi
(X, <F)
. (6)

P(T, <1)

£10= (A+ 2 Jexpl-At)4, exp[(~4, +,-'lp}[r—rl}]P[

Using (3), (4) and (5) in equation (6) and defining
R (D= [ f G)du

R,cr}=[u.]+4=:+a.][au+zd+,u,][

Exp{—((4,+A)+ ,ul.}r}}
{(h+A)+n}

_[Exp{—(m +&J+A.)r}}
{Ao+4)+4,}

When ui = 0 and Ac = 0 the above result reduce

to reliability of 1- out — of - 2 system without repair

facility, analyzed by Arulmozhi.

When Ad = 70 and wi = 0, it reduced to active

redundant system.

When Ad = 0 and 10 = 7 and i = 0, it reduces to cold

standby system.

The General M — Out — N Warm Standby System
with Repair Facility
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Following methodology is given for 1 — out —
of 2 warm standby models. The system reliability for
the most general case is derived as follows

The pdf of the time of failure of the m — out
— of — n warm standby system with » repair facility is
given by

S EMN)<[THe RO N-Ue R ()R]

P(¥ =1 _ _ ()
{—Xz{}: }f,(r 1. M. N-1)dt,

The system operating interval is divided into
(N—M + 1) parts and if (V- M + 1) components are
in service station, the system fails. System failure in
dt after operating for time ¢ is associated with (N — M
+ 1) simple events:-

El : First component fails in drl1, and the system
operates.
E2 . Second component fails in dr2, and the

probability of service completion of the first failed
component is after time t and the system operates.
EN — M : (N — M)th component fails in dtN - M, and
the probability of service completion of the first
failed (N — M - 1) components is after time ¢z and the
system operates.
EN-M+1:(N- M+ 1)th component fails in dt, and
the probability of service completion of the first
failed. (N — M) components are after time ¢ and the
system fails.

The second failed component may be an
operating component or a standby unit.

M4 +A)+N-M-1i, .G

M(A,+A)+(N-M -1, + 1
Now the pdf f; (7, M, N) of the system is given by

F(LMN)=C[|_ Epl~(MA;+ N -MA + (e =1)]

P(xz <y1}=

fi(t—t. M. N-1)d1,, L
Where

G- ‘('IJ.;— . + _‘I— __.:1_ + [“"'(" +N— Ir-l t ]

=C| |7 Exp[—(M A, + _(N—M—1
+ (it — 1)+ gt — FF — 1, ML N — 2)di dt,
Where
o MG+ A+ (N-M -1, .
“ E{Mw +!’-‘J+{N—M—1),t.+ﬂ.:|[MC'J“+N M+1-icd,]

Continuing the expansion of f; (f — 1, M, N—2)
We get f; (. M N)dfas
LEMN)=C, [ [T [ Bpl-0d 3

S CERYACIN s CON L

Where

M MG AN -M DA,
Cow =11 M4, +A)+H(N—M -1, + 44

fal

}[Mc,ﬂ.m—uﬂ—w,ﬂ,]

- (11)
And f; (t —ta, M, N - 2) reach the bound.
Keeping the wview of (10) and (11) we consider the
following term
" NMA, N—AE N-AF
J. - 1‘]] Exp| (MAt— 3 (At + a0, —1)) T4,
N ey "l e iy

.- (12)

From (10) 1t 1s equal to

LTI [ B -arae- T G me-n)

TLde ], Bxp[-A = (e =)

=T I B[ MAr- S G+ -1~ St

" Exp[—lz‘lﬂ_—(ujﬂ:jtz]‘ﬁ _

- -4 -
dert.m 4 Elp[{ o "uz)rl];r

(A —w )1 B TR 0
In general it is equal to

- J;H"iﬁ"tawp[—(mt - S G -t~ gm]

,ﬁ,&*;_zap,: -, —ga]:,c—w}

T {1

E«p[ (6-01-Fn ] gy
e -Sa e -Su]

Exp[(4,— )0
k-3 u]
..(13)

B[ (-}, + (V- 307 )™
ﬁl H‘J _Eﬂ.]

Bo[(-MA =304 )™
M[H zg]“[m zu}

Exp[(~(MA,+ (N -M =24, + (i + 1) ) -0

N-wr-al o
Il | Zp} {u Eu]
Ea;u-[- u«—"fu.mﬂ
+— ? {14
N-M~
Exp|-MAt-itt- Y utl-1)
- xp{ k=il }Zﬁ}() 0

N~ N-M+l--k i N-M+k-i
= {h— Y ,u} [b{— Y 'H}

|-O L B =1+

3
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ML +4)+(N-M =)k,
MU +A)+(N-M -4 +u

k()= H[ }[ Med, +HN-M+1- j)oA]*
N E:‘;".‘I| ~Miu _M.fu_rfldﬂlu}(_lr

z T = N-Mel-i-k i a N-Mek-i
‘il Leln- LA

B -

R ﬁf[ MU+ )+ -M- A,

D M4 8 }[Mqﬂ.-m-uﬂ-ﬂq]*
gl -Mig-iig='S ey
RS A e

.. (16)
In (16) if we take e Q1 reduces to the reliability
without repairman case as discussed by Arulmozhi and is
given by.

=x—u (_1)1 y
R g[—(f)!(hr TR ”] T1[M(4+4)+ A B0 +iA )]
)
For finding the different values of R, (f) at /1C =072, we
wi]lpmN=?,M=3,,iu =1.4, =05,t=0t05m

®
Ll

R;(f)'g.—”( )10 5)41'[( 6+0.5])e 4

i

o 164 g 164
R 'L-’i'=T\|Hi-*-ﬂ‘-'~:-'- "‘—H 6+057)e™
16 A T ]"j-."' A P
J!__.ll.]-:-c[l.:‘.b_t.l.._.'.'g ;E{L:‘.@_Ll..‘; | [

__Hn 6+ *;"-'_

ot

R,(r)_ (41::4 6x3.1x3.6)6™ —Eﬁ(iﬁxdﬁxj 1x5.6)e™

+$(3.6x4.1x5.1x5.ﬁ)e‘" —%(3.6::4.1)( 16x5.6)e

16 4
+—(36xdIxd x5l
40 )

Rs (f) = 350.00 e-3t -1261.21 e- 35t + 1686.18e-4t-
1013.91e 4.5t+230.85e-5t {att =0}

Rs (f) =350.00 -1261.21 + 1686.18 -1013.91+230.85 =1
fatt=1}

Rs (t) = 350.00 &3 -1261.21 e- 3.5 + 1686.18e-4-1013.91e -
4.5+230.85-5

=17.88+30.88 +1.56 -38.08— 11.26=0.98

fatt=2}

R. (1) = 359.00 ¢ -1261.21 & 7 + 1686.18¢°-1013.9]¢ -
+230.856™

=089+ 056+001-115-013=018

fatt=3}

R, (1) = 359.09 &° -1261.21 ¢ + 1686.18¢*-1011.37 "
192228 546"

= 0.0438 + 0.0103 +0.00006 — 0.0346 - 0.00138 = 0.013
{arf 4

R, () = 359.09 e 126121 e + 1686.18¢7-1013.91¢
4230856

= 0.002 - 0.00105 + 0.000180 — 0.0000154 + 0.00000047
=0.0012

{arf 3}

R ()= 359 09 1911261.21 ¢ + 16861867 -1013.91¢
30,856

= 0.0001098 - 0.00003167 +  0.00000347-
0.00000017+0.0000000032

= 0.000081

For foved values of M, N, 110, ‘2’&’ t we obtain the values of
R; (1) as follows-

Table 1:

, R0

0TI 2] 3 [ 3 5
—02

A, =02, % | 018 | 0018 | ooor2 | “0008
2,=0.02] [ 06| 012 | 001 | 0.0008 | 0.00005
s | 3| 8 | 5 0
2. =005[ | | 0.7 | 0.13 | 0012 | 0.0009 | 000005
213 s | o 5
2. =0.08] || 07| 014 | 0013 | 0.0009 | 0.00006
6| 3| 8 | s 0

In many practical situations, an M — out — of —
N configuration serves as a useful system. As an
example of this structure, consider systems with N
independent and identically distributed components.
The components could be communication channels
processing and transmitting messages, or even
production lines in a factory. If the number of
components falls below M, the system fails. We find
that communication channels or production lines can
fail even they are kept standby so this type of
example which we dealt is more useful.
From the Table 1 and figure -1, we observe
that the reliability increases with the increase in
numerical value of ¢[171but ¢ [17should not be more
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than 1; also we find that reliability decreases with the
increase of time.

o 1 2 3 d 5
time ¢t —>

Fig -1 : Raliabality for different valne of 4,

References

[1]

[2]

(3]

[4]

[5]

[6]

[7]

Agarwal Manju, Kanwer Sen, Pooja Mohan,
Gert analysis of m — consecutive K out of n
systems, IEEE Trnas. on reliability 56, 2007,
26-34

Arul Mozhi G, Recursive method to calculate
(M, N) systems with service facility and
general for repairman, Opsearch 43, 2006, 259
-272

Arul Mozhi Reliability of an M — out of N
warm standby system with R repair facilities,
Opsearch 39, 2002, 77-87

Barlow R. E., K. D. Heidtmann, Computing K
— out of n systems reliability, IEEE Trans. on
reliability, 1984

Chen Yong, Oing Yui Yang, Reliability of two
stage weighted K out of n systems with
components in common, IEEE Trnas on
Reliability 54, 2005, 431 — 440

B. S. Dhillon, N. Yang, Reliability and
availability analysis of warm standby systems
and with common cause failure and human
errors, Microelectron and Reliability, 32, 1992,
561-575

Garg Xiao, Zhizhong Li Estimation of
Dependability measures and parameters
sensitivities of a consecutive — k — out of n: f
repairable system with (K-1) — step. Markow

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Dependation by simulation, IEEE Trnas. on
Reliability 57, 2008, 71 — 83

J. Huang, M. J. Zuo, Z — Fand, Multistate
consecutive K — out of n — systems IEEE
Trnas. On Reliability 35, 2003, 527 — 534

J. Huang, M. J. Zuo, Y. H. Wu, Generalized
multistate K — out n: G Systems, IEEE Trnas.
On Reliability, 49, 2000, 105 — 111.

Ming Sherg Lin, An O (k2log n) Algorithm for
commuting in reliability of consecutive K —
out of n: f systems, Trans. on Reliability, 53,
2004, 3-6

Myers Albert, Achievable limits on Reliability
of K out of n: G. systems subject to imperfect
fault coverage, 57, 2008, 349-354

J. Tian, M. J. Zuo The multistate K — out of n
systems and their performance, IEEE Trnas.
On Reliability, 2006

Yama Moto Hisashi, Ming J. Zuo, Akibaba
Tomoaki and Zhiang Tian, IEEE Trnas. On
Reliability, 55, 2006, 98 — 104

M. J. Zuo, Z. Tian, Performance evaluation for
generalized multistate K-out of n systems,
IEEE Trnas. On Reliability, 55, 2006, 319 -
327

S. Chander, Mukender. Singh, Reliability
modeling of 2-out-of-3 redundant System
subject to degradation after repair, Journal of
Reliability and Statistical Studies, 2(2), 2009,
94-104

Rakesh Gupta, C. K. Goel, Archana Tomer,
Analysis of a two unit standby system with
Correlated failure and repair and random
Appearance and disappearance of repairman,
Journal of Reliability and Statistical Studies,
3(1), 2010, 53-61

Gerville-Réache, Léo Nikulin, Mikhail, Tahir,
Ramzan, On reliability approach and statistical
Inference in  demography, Journal of
Reliability and Statistical Studies, 5(Spl.),
2012, 37-49



