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ABSTRACT

In this paper, the authors deal with the reliability aneetto failure of a complex sysstem modelisT¢omplex
system contains two subsystem A and B, Where systemta@inenN unitsin series and system B contains M units
parallel. Failure of any one unit of A gives failuresobsystem A, hence the whole system failddilure of one unit o
B does not fail the whole system. We have assun-out-of-n-general policy for B. Itsiassumed that all the failur

follow exponential time distribution whereas the repairs folimeral time distributio

KEYWORDS: MarkovianprocessSupplementary Variable TechnigiLaplace Transforms, Steady StaBehavior,

Exponential Time Distribution
INTRODUCTION

In the present paper we study acomplex system modelataih various reliability chiaracteristics whiare of
interests to system designers and operation managersebWim these characteristics by ussing suppiemny variable
techniguesln our system, we have taken a general model trandiérayander head of line irepair policy. The esye
contains two subsystems A and B. where system A corthinsts in series and system B conttains Msuniparallel. By
virtue of arrangements of ugiin the system, failure of any one unit of A resuitshie failure of the whole subsysterr
and thereby breaking down the whole system, whereas thesfail any one unit of B does nott resnlthe failure of the
subsystem B and so the system comitmfunction. We have assume-out-of-n-general policy for B i.e. if any 2 units
B fail then we find the degraded state and i9f more tharitZaih it results in the failure of wheosystem. Hence systi
will fail if either any 1 of the units in Aails or if 3 or more units of B fail. The repair daxd out only when the syste
breaks down and each repair makes the system as goasaasiit original condition. All the faililutiene distributions ar
taken to be negative exponential while the ir time distributions are general. The transistor dam of the system mod

is shown in figure 1.1.
ASSUMPTIONS
1. |Initially, all components of the system are go

2. The reliability of each components of the system is kndawadvance. In one state ,c one change can take
place.

3. The state of each components of the system is either gduztl
4. The state of all components is independent. The failurestioh all components ¢ Statistical independe!

5. After repair the system works as good as |
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NOTATIONS AND STATES OF THE SYSTEMS

P OPT () -

m-2
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Probability that the system is in working state aetimvhen m/m-1 units of sub

system B are in working state, respectively.

Pn —(® probability that the system is in deghdtate at time t due to failure of 2 units of
subsystem B.
: th
uj failure rate of I~ unit of subsystem A.
. th
Vi failure rate of | unit of subsystem B.
N m m-1 m-2
U:ZU i Vlzzvj, V2: ZVJ , V3 = ZVJ
i=1 F1 =1
. th :
a; (x) Repair rate of I subsystem, h: Human error rate of failure.
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Figure 1.0: Transition Diagram

MATHEMATICAL FORMULATION OF THE MODEL

Simple probabilistic considerations and limitingogedure yields the following set of differencefelieéntial

equations for the stochastic process which is nantis in time and discrete in space.
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Basic Equations

Srusven| @221 P ke e ] P 0.2p 0P 205 @ @

—dd_z+ U+ v, + hzil PP-l(z)= v PP (2] e (2

:%Jraa_zJF ai(x)} 0" (x.2)= 0 3)

—aa_y_'_aa_z_'_ bl(y)i| pimfl(ylz): O ................................. (4)

_di+ U+ v, + hs_ PM2(2)= 2R (20 e (5)

L Z -

0,0 ] om-2 20 6)

_ay+az+b2(y)_F’i (y,z2)=0

[0 . o8 1 om-s a0, @

3y to7t bs(y)_ Pv (y.z)= 0

(0,0 — 0, ®)

e, @R (22 0

Boundary Conditions

Pro.z2)=u R (20 [ P (v, 2)p (Y)dw [ P2 (y.2)b (y)d o ©)
0 0

pim-l(o,z) = uP'N“‘l (z> (20)

P™2(0,z) = uR"™?*(z, (11

Pim-3 (O,Z) = v, PNm_z (Z) ....... (12)

P,(0,2)=hP zx bP* & HP>¢ . (13)

Initial Condition: It is assumed that the systeiitiafly starts from
P{ (0) =1 otherwise zero. (14)

SOLUTION OF THE MODEL

Taking Laplace Transform of the equations (1) tigiro(13) and then, on solving them subjected to, (d:4)obtain:
— N 00 — 00 —
[s+u+ v+ h]Pu(s)= &) [ R (x,s)a ()dx [T (y,8)b (y)c
i=1

+T§N (z,s)g (z)dz e (15)
0

[stutvw+h] R (sFy R .. (16)
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0 —m

— +S+ a , «C v
{ax S+ g (X)} R (X,sF

d Dm-1 —
[—Jf s+ b (Y)} PMi(y,s)= C (18)
ay
[s+u+tvu+n|PPsE B e (19)
I d Dm-2

—+5s+ b, (y)} P"™2(y,s= C e (20)
|0y
9, }—m—s e 1)
——ts+t by (y)| P (y,s)= C
Y
_i+s+c (2)| Py (z,s C (22)
| 0z " N
PI(0,8)= uPy (sy [ P sb (dy [ PO .9b vy e (23)
Eim_l(O,S): u_P’T_1 (5 ....... (24)
Eim'z((),s): U_PIT_Z (s (25)
Eim_a(O,S): V3_PE‘_2 (S ....... (26)

P,OsEhE sy h P* (9 hP? (...@)

Now from equations (16) &(18-22) we get

Em—l(s)z Vl EIIIIJ](S) ....... (28)
N s+ Uu+ v, + h,

Sy UVGPR(S) Lo (29)

PI e e B ®)

Em—Z(S)z VlVZEm(S) ...... (30)
§ (s+u+ v, + hy)(st u+t v+ h)

EE_Z(S)Z u v,v, Py(s) D,(s) e (31)

(s+u+ v, + hy)(s+ ut y+ h)

D m-3 - V1V2V35T|(S) ...... (32)
P i v+ st ur wr R

Pu(9)= PR (o) | Bt {la+ ae H R (s )

s+u+v,+h, St ut y+ h

Also from equation (17), we get



Time to Failure and Reliability Analysis of Series Rrallel Complex Systemmodels with Repair

pDm - pm v,y T V2§2(S) Crrnenn
PM(s)=u Py (S){&s+u+v2+h2 {S(S} ot Ut y+ th P (
Finally, moeve L
naily: p X (s) A(s)
where

_ _ v — v,S, (s)
A(s)=s+ u+ v+ h {1+s+u+i/2+ h, 8 6ro U2+2\é+ h;} .......
2 V,V,V.s (S) v, h,Vv, S (.
SO e iy h) 6wy u){r“ s yr a{r“ s u oy }W
Now, Let
B(s)= Vs & C(s)= Va2 Then

(s+t+u+v,+h,) (s+u+ v, + hy)

Finally, we may obtain

PN (s)= Ais) ......
[ = B(S) .......
Py (s)= A(s)
P (s) UA?S()S) (s)
Prim=t e
P %(s) = %)S)C(S)Dz s)
— B(s)C
P (s) = %Dg s
H(s)= A:E-S)[hl—'- B(s){h+ hC(H] B (s
P (s)= A‘(JS)[1+ B(s{ S (s & (S)C(H D¢
Where

A(s) = s+ u+ v+ h - u [1+ B(s{S (sy (s)c:(}j

S()-wBE)CE)S [ + BE M hClHns 000 L
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(34)

(35

(35a)

(36)
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(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)
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SOME PARTICULAR CASES

Now if we consider the situation where repair fmlk)exponential time distribution , then putti =_ri_ for
® (s I
S+ |,

alli and s in equations (37) gives.

PM(s)= % ....... (46)

Bri(s) = % ...... (47)

prig)= Y Bsy 1+ (48)
' E(s) s+ h

E.r'\rl]—Z(S) = %g)(s) ....... (49)

ﬁm—Z(S): uB(s)C(s) r (50)
! E(s) s+ b

P™3(s) = uB(s)c¢s) . ... (51)
N E(s) 's+ b

- 1 1

Pu@=gglhrBelhrnecdl o~ oo 2

Fr(s)= [1+ B(S){ b, , b, C(S)H L (53)

E(s) s+ b st B s a
Where

E(s)= s+ u+ y+ h - 1{1+ B(S{sflb + 22:(;)” S_:J‘a— y B(S)C(S');;p
Ch

[h,+B(s) {h,+ h c(s})]S+ e (54)

ERGODIC BEHAVIOUR OF THE SYSTEMS

By making use of Abel's LemmBm |5(3) = lim P (t)= P(say)(Provided the limit on right exists) , we hafre
S- 0 to o

following time independent state probabilities freguations (37) through (44).
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m-1_ u Vl
! A'(0) " u+v,+h,’

m

Pm—2 1 . Vl V2
§ A'(0)  (u+v,+hy)(u+ v, + hy)

ma_ U v, V, o
I A'(0) " (u+ v, +h,)(u+ v, + hy)

2

m-3 1 vV, V, V,

" A(0) T (Ut v, +hy)(ut v+ hy)

m,
Py = ,1 h, + - {hz"' Y2y } my,
A'(0) u+v,+h, u+ vy + hy

Pim: u 1+ S 1+ Ve m
A'(0) u+v,+h, u+ vy + hg

whereA'(0) = [disA(s)} &m, = -S«(0) O k=1,2,3,h,
s=0

ANALYSIS OF CHARACTERISTICS
(A) The reliability of the system R(t) in termsitsf Laplace transformation is
RE = LT[R

This can be obtained by assuming the failed ststedsorbing i.e. repair rate to be zero.

R(s)= PI (sp P (sy B2 (s} %[ £ B(®) B(s)Cl

on taking inverse Laplace Transform, one may dethitty of the system.

v,
h,+v,-h,-v,

R(t) = [l+ + vlsz} Exp{- (h+ v+ u)2}

+ {v1v2E+ Exp{-(h + v, + u)3

Vi
h,+v,-h,-u

WV Bp{-(h+ vt Uy

1
(h, +v,=—h;=v))(hg+ vy;— h, - v,)

1
(hy +v,=h;=v))(h;+ v;— h,- v,)
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and
1
Fo- ———— - @ (67)
(hy+vy=h;=v))(h;+ vy=h,- v,)
(B) The mean time to system failure is

_limR(s
wrsk = Im (s)

MTSF =| 1 + Vi +vv,D| — >
h,+u,-h -v, u+ h + v,
+| v,V E + Vi 1 poVavoR (68)
h,+v,-h,—-v,| u+ h,+ v, u+ hy+ v,

Where D, E and F are mentioned in earlier equati@ts, (66) and (67) respectively.
NUMERICAL COMPUTATION
Let us consider the following values depending uptie significance of the components as k&

0.01,h=0.03,h=0.05,4=0.002,4=0.004, y = 0.006, u=0.05and t=0, 1, 2, 3.....then we get

1

= = 1033.0578!
(0.022)(0.044)

= 1 = -2066.115702.
(0.022)(0.022)

andF = 1 = 1033.0578¢
(0.044)(0.022)

Using these values in relation (64) and (63) we get
R(t) =(1.0991735)&%%'+ (-0.10743801)& %%+ (0.0082644)&°¢* ... ...... (69

The mean time to system failure with respect tfailufe rate of units of components of the system)

MTSF= IingR*(S)
OMTSF= (1.0991735)~  + { 0.1074380%)—~
u+h +v, ua+ h, + v,

+(0.0082644)1—
u+h, + v,

_1.00991735 O.lO74380_|Z_L 0.00826¢
0.012+ u 0.034 wu 0.056+

...... (70)

Now fort=0,1, 2, 3..... in equation (69), the adlility is shown in Figure 2.0
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Figure 2.0

Now foru=0,1, 2, ..... in Equation (70). The MTSF iswh in figure 3.0

Figure 3.0

CONCLUSIONS

From the graph illustteon of R(t) as shown in figure 2.0,It is concluded thatiras increeases the reliability(R
of the system decreases rapidly and from the figuu.

It is concluded that as the failure rate(u) incredlsesyalue of MTSF decreases very smoothly profit
decreases whereas the values of u increases. So increfnaemnt failure rate gives the smoothlyy deenet in the value ¢
MTSF and profit function.
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