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ABSTRACT

Series-parallel systems are made up of combination several series & parallel configuration to obtain system
reliability down into homogeneous subsystems. This is very simple to analyse a simple series-parallel system
without any error effects, But very difficult to analyse a complex system with various error effects. This paper
we presented mathematical analysis of a Redundant Complex System with Imperfect switching, Environmental

and Common Cause and Human error effects under Head of Line Repair Discipline.
Keywords: Imperfect switching, Reliability, Availability, MTTF, State Transition diagram.

I. INTRODUCTION

Kontoleon & Konoleon [2] had considered a
system subject to partial and catastrophic failures to
be repaired at a single service station and also
assumed exponential distribution for repair. Gupta
and Mittal [3] considered a standby redundant system
and two types of failures to be repaired at a single
service station with general repair time distribution
under pre-emptive resume repair Discipline
incorporating environmental effects. Further, Gupta
and Agarwal [1] developed a model with two types of
failure under general repair time distribution and
under different repair discipline. Consequently
Agarwal, Mittal et. al., [4] have solved the model of a
Parallel redundant complex system with two types of
failures with Environmental effect under preemptive
Resume repair Discipline. Mittal, Gupta et. al., [1,3]
have assumed constant repair rate due to
environmental failure and perfect switching over
device of a standby redundant system under pre-
emptive resume and repeat discipline respectively.
But it is not always possible that the switch is perfect.
It may have some probability of failure. So the
authors have initiated the study keeping in mind the
practical aspect of imperfect switch. Also repair due
to environmental effects is considered to follow
general time distribution.

In this paper, we consider a complex system
consisting of three independent, repairable
subsystems A, B & C. Subsystem B is comprised of

two identical units B; & B,. The subsystem C is in
standby redundancy to be switched into operation
when both the identical units B; & B, of subsystem B
fails, through an imperfect switching over device. For
the smooth operation of the system, the subsystems B
or C are of vital importance. The failure of the
subsystem C results into non-operative state of the
system. At the time of installation, the units of
subsystem B have the same failure rate but due to
adverse environmental effects, the failure rate of the
subsystem C increases by the time, it is switched into
operation. Subsystem A has minor failure and
subsystem C has major and minor failures. Minor
failure reduces the efficiency of the system causing a
degraded state while major failure results into a non-
operable state of the system. The whole complex
system can also be in a total failure state due to
Human error or Environmental effects like
temperature, humidity etc. The repair rate due to
Human error or Environmental failure is considered
general. Laplace transforms of the time dependent
probabilities of the system being in various states
have been obtained by employing the techniques
using supplementary variable under Head-of line
Repair Discipline. The general solution of the
problem is used to evaluate the ergodic behaviour
and some particular case. At the end of the chapter
some numerical illustrations are given and various
reliability parameters have been calculated. The flow
of states is depicted in the state transition diagram.
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The following symbols are used in state transition diagram:
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Fig. 1. STATE TRANSITION DIAGRAM

Il. NOTATIONS:
A1 : Minor failure rate of the operating units B,
& B, of subsystem B.
Aa(A1<Ap): Minor failure rate of the
operating unit of subsystem C

Ay,  Minor failure of subsystem A.

A,  Major failure of subsystem B & C.

x: Elapsed repair time for both units of
subsystem B.

y: Elapsed minor repair time for the
subsystem A, B & C.

z: Elapsed major repair time for the
subsystem B & C.

v: Elapsed repair time for environmental
failure.

h: Elapsed repair time for human error
failure.

¢ds(X) : Repair rate of subsystem B

@, (Y) : Repair rate of minor failure of

subsystems A, B & C.
@, (2) : Repair rate of major failure of

subsystems B & C.
o : Failure due to environmental effects.
B : Failure due to human error.
v : Failure due to common cause.
3(v) : Repair rate due to environmental
effects.

d(h) : Repair rate due to Human error.
d(c) : Repair rate due to common cause
b, R, Probability of the successful operation

of the switching over device

SWI
1)
2
3)
(4)

®)

(6)
(7

(8)
©)

and constant repair rate of
itching over device.

1. ASSUMPTIONS
Initially, at time t = 0 the system is in operable
state, i.e., it operates in its normal efficiency
state
The subsystem B consists of two identical units
B, & B,.
Switching device is imperfect.
When the system starts functioning the
subsystems A & B will operate and C is in stand
by.
When the system starts functioning both the
subsystems B & C have the same failure rate A,
as minor failure, but as the time passes due to the
adverse environmental effects, the failure rate of
the stand by unit i.e., subsystems C increase to A,
which is the minor failure of subsystem C by the
time it is needed to operate.
Subsystem A has no major failures.
During the degraded state of the system due to
minor failure in subsystems A, B & C, major
failures may also occur in subsystems B & C.
All the failures are distributed exponentially.
All the repair follows general time distribution.
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(10)The system fails completely due to
environmental effects or due to major failures of
the subsystems B & C or due to the failure
caused by Human error.

(11) Repair of the subsystem C is taken only in failed
state.

(12) During the repair of the subsystem C in failed
state, the failed units of subsystem B are also
repaired.

STATE PROBABILITIES DESCRIPTION:

(i) P, o(t) : Probability that the system is in
operable state at the time t, where a=0, 0, 1,
2.

(ii) P, o (X, 1) : Probability that the system is the
failed state and is under repair with elapsed
repair time in the interval (X, x+A).

(iii) P, m (¥, 1) : Probability that the system is in
degraded state and is under repair with
elapsed repair time lying in the interval (y,
y+A) where a =0,1,2.

(iv) P,m, (2,t) : Probability that the system is
the failed state and is under repair with

elapsed repair time in the interval (z, z+A)
where a=0,1,2.

(v) P (v,t) : Probability that the system is in
failed state due to Environmental failure and
is under repair with elapsed Repair time in
the interval (v, v+A).

(vi) P.(t) : Probability that the system is in
failed state due to failure of the switch in
switching the subsystem C when subsystem
B completely fails at any time t.

(vii) P, (h,t) : Probability of the system is in
failed state due to Human error and is under
repair with elapsed repair time in the
interval (h, h+A).

(viii) P, (u,t): Probability of by the system is in
failed state due to common cause error and
is under repair with elapsed repair time in
the interval (u, u+A).

1IV. FORMULATION OF THE
MATHEMATICAL MODEL.:
Using continuity arguments and probability
considerations, we obtain the following difference
differential equations governing the stochastic
behaviour of the complex system, which is discrete is
space and continuous in time:

[% R A 7/} Po(t) = T Ps o (X, ) (X)dx

+ [P, (v, 0, (DAY +[ P, (2,0)4,, (2)0l2

@)

+ ]9 P (v,t)o(v)dx +T Pom, (2, 1), (2)dz +].i B, (h,t)o (h)dx

+TPC (u,t)o (u)dx

[% ho e At 7}31,0 (0 = [ Poa(x D (X

+ [P (9,0, (DY +[ Py, (2,04, (2)X

@

+ T P (v,t)o(v)dx +T Pom, (2,)¢,, (2)dz +]2 P, (h,t)o (h)dx

+TPC (u,t)o (u)dx
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[% + Ay + A, t A tat B+ y}szo(t) =bA,P, o (t) +bA P, (t)
+RP (1) + [ Py (v, ()dly

Puo®© +D4P, o0+ [ Py (7,0 + P )
{%+ ZRJR(t):(l—b)ﬂ“ 0
+ [Py, (v, t)dy

0

[5+ % +2¢, (x)}Ps’o(x,t) =0

IR,
a+5+ﬂmz +/11+a+y+¢nh(y)}Pm(y,t)=O

o 0
5+5+1m2 +ﬂi+a+7+¢nﬁ(y)}ﬂm(y,t)=0

o 0

_E+5+/1m2 + A, +a+7/+¢ml(y)}Pm(y,t) =0

[0 0

20,0 P (0 =0

[0 0

—+—+¢, (2)|P,, (z,t)=0
_at 82 ¢m2( ):l 1,m2( )
[0 0

—+—+24,(2) |P,,, (z,t)=0
5o ¢m2<)} i, (2:1)

G, 0
—4+—425() |P,(h,t)=0
— (ﬂH<)

ENE
—+—+25(v) |P-(v,t) =0
ot (V)} £ (v, 1)

[§+%+25(u)}&(u,t):0

BOUNDARY CONDITIONS
Po(0,t) = 4Py o () + [ 4P, (¥, )dly
0

IDo,ml (01 t) = ﬂ'ml I:)o,o (t)
I:)l,m1 (01 t) = /1”‘1 Pl,O (t)

Py (0.0)= 2 Py 1)+ b, Py (v, 0)ly 402, [ B (3, 1)y + RP.(0)

Pom, (0.8) = 4, Py o (8) + Ay, [ Py (v, 1)dly
0

®)

4)

()

(6)

™

®)

)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
(7)

(18)

(19)
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Pra, 0.0)= A, Pro®) + 2, P (V)Y
!
Py, O, 1) = lmz P,o(t)+ lmzz P, (y,t)dy
P-(0,t) = aPy o (t) + aP, o (1) + aP, o () + aI Po.m, (¥: t)dy
. aI Py, (3, )l + “I P, (1,0
PL(0.0) = 1Py (1) = 1PLo 0+ Pa () + 7 Py (v,
!

+7[ B (v 0)dy + 7 [ Py, (. )y
PH (O’t) = :sz,o (t)

INITIAL CONDITIONS
Po0(0) = 1 and all other states probabilities are zero at time t = 0.
from 6

ot

Taking Laplace transforms on both sides

0
5P0,ml(yis) a
m:—{s +5+im2 +/11+06+7+¢ml()’)}

Integrating ‘y’ b/w the limits ‘0’ to ‘y’

5+, +zi+a+y]y—i¢m<y>dy

= P, (V,8) =Ry, (0,8)e
from equation (16)

Pon, (0,1) = 4, Py o (1)
Taking Laplace transforms on both sides

5+, wmw]y—i% )y

= Py, (y,s)= ﬂmlPoyo(s)e
On simplification

IDo,ml (y,s)= ﬂ’ml Po,o (S)V.(s)
1-s,(s+4, +4h+ta+y)

where V, (S) =
S+A, th+aty

from equation (7)

0 0
|:5+5+ﬂm2 +&+Of+7+¢nﬁ(y)}ﬂ,nﬁ(y,t)=0

Taking Laplace transforms on both sides

{g+%+ﬂm2 +21+a+7+¢ml(y)}Pm(y,t) =0

(20)

(21)

(22)

(23)

(24)

(25)
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0
7P1m )
& m (Y,5)

:>—
Pim, (V,9)

Integrating ‘y’ between the limits ‘0’ to ‘y’

— s+ 4, +4+a+y+d, ()]

[+ Ay +zq+a+y]y—z¢m1<y)dy

= R, (¥,8) =P, (0,5)e
from equation 16
Fom, (0.1) = 4, B (1)
Taking Laplace transforms on both sides
Fm (0.8) = 4, P (S)

5+ +4+a+y]y—§¢ml (y)dy

= R, (¥:8) =4, Ro(s)e

P, (:8) = A, o (S)V4(8) (26)
From equation 4

Pao )+ [ Poy (7,0 + PLo(0)
{%2&}&(0:(1—% o
+ [Py (y.t)dy

Taking Laplace transforms on both sides

Pao(5)+ [ Pory (1,5 + P ()

1-Db
=RO=( R
"R (v9)dy
0

e Y (R IC . WOR(EWRACL WO
s+ 2R, ' ' l |

_(@-b)4
—;:EE:KI+&@A@»U%+H]
=V, (s)[R, + R] @7)

1-b)4
here V, (S) = 1+ 4 V(s
where V (s) ST 2R [A+ 4, Vi(s)
from equation 8

0, 0
{a+5+ﬂmz +4 +a+7+¢m1(y)}Pz,ml(y,t)—O

Taking Laplace transforms on both sides

0
7P2m ’
& m, (Y:5)

:>—
I:>2,m1 (y,S)

Integrating ‘y’ between the units ‘0’ to ‘y’

=—[s+/1mZ + 2, +a+7+¢m1(Y)]

y
~[8+Am, + A2 +a+y1y=[dy, (Y)dy
0

= P?_,ml (y1 S) = I:)Z,ml (O! S)e

from equation 18
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Py (0.0) =4, P (1) +0A4 [ Py, (v, 1)y +D4, [ B, (v, D)dy + R, (1)
0 0

Taking Laplace transforms on both sides

Py (¥,8) + V4 (S)Py 0 (8) + V5 (S)[Ry 0 (8) + R o (S)]

1-s (s+A4 +A, +a+
where V,(S) = n m 2 7)

S+A, +hL+a+y
Vi () =V5(8) 4,
Vs(s) =bAAmV, (s) + RV, (s)

From equation (10)

[3+3+¢m <z>}am (2.)=0
oz 2 e

ot
Taking Laplace transforms on both sides
0
@ I:)1,m2 (Z1 S)
=Y __[s+4, (@)
Pom, (2,9)

Integrating ‘z’ between the limits ‘0’ to ‘z’

—sz—fgﬁmz (z)dz
0

R (2:8)=F,(0,5)e
From equation 19

P, (0.) = 2 Pro () + Ay, [ P, (¥, )dly
0

Taking Laplace transforms on both sides
—sz—}yﬁmz (z)dz

5Py (2,8) = [, Pro(8) + A, [ B, (v, S)yIE
I:)l,m2 (z,5)= ﬂ“mz [1+ ﬂ‘mlvl(s)]\/ﬁ (s) Ro (s)
=V, ()P, (s)
1- sz (S)
S

where V(S) =

V7(8) = An, [1+ 2, V1 (8) V6 (5)
From equation (12)

o 0
—+—+24, (2) |P,, (z,t)=0
‘:at aﬂ, ¢m2( )j‘ 2,m2( )
Taking Laplace transforms on both sides
5 Pon 29

= W = —[s +2¢,, (z)]

Integrating ‘z’ between the limits ‘0’ to ‘z’

—sz—fg}mz (z)dz
0

=P, (2,5)=P,, (0,5)e
From equation 21.

(28)

(29)
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Py, (0.0) = 4, P+ 4, j P, (v, 1)dy
0

Taking Laplace transforms on both sides

Py, (2,8) = {/Imz Po(s)+ 4, I Py, (Y5 s)dy}e
0

= ;Lmz [1+V,(s)Ns(s) Po (s)+ Amzvs (s)Vs(s) Ro (s)
42 Va(SNVa(5)Py (9)
=V, ()P, () + Vo (8) P (S) + Ry (S)
1-2s,, (s)

—sz—2}¢m2 (z)dz
0

where V;(S) =

Vo (8) = Ay, A+ V,(8))V4 ()
Vio(8) = A, V5 (S)V5(S)
From equation (12)

o 0
{E+a_h+ 25(h)}PH (h,t)=0

Taking Laplace transforms on both sides

iPH (h,s)

oh _
= e [s+25(h)]

Integrating ‘h’ between the limits ‘0’ to ‘h’
—sh—z?é(h)dh
=P,(h,s)=P,(0,5)e °
From equation 22
PH (O,t) = ﬂpz,o(t)
Taking Laplace transforms on both sides
PH (0,t) = ﬂpz,o(t)
After simplification
PH (h’ S) = ﬂvll(s) Pz,o(s)
where V,,(S) = %
from equation 13
[é+i+ 25(V)}PE (v,t)=0
ot ov

Taking Laplace transforms on both sides

0
a P-(v,s)

= m = —[S + 25(V)]

Integrating ‘v’ between the limits ‘0’ to ‘v’

—sv—2\jl($(v)dv
=P.(v,s)=P-(0,s)e °
From equation 14

(30)

@31
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o 0
|:E+a+ 2§(U):|PC (U,t) =0

Taking Laplace transforms on both sides

0
aPc(u,s)

= W = —[S-l— 5(U)]

Integrating ‘u’ between the limits ‘0’ to ‘v’
—su—Z?(S(u)du

=P.(u,s)=FR.(0,s)e °
From equation 22

P (0,0) = Py (1) = 4P (1) + 0Py (1) + ] Py, (3,1l

+af Py (y,)dy+af P, (y,1)dy
0 0

Taking Laplace transforms on both sides

PL(0,) = Py (8) + APy (5) + Py (5) + 1 Py (¥, )y

+a[ P, (y.s)dy+a[P,, (y,s)dy
After simplification ’ i
P (8) = a1+ 4, Vi(8) + V5 () My, (S) Ry o (S)
+afl+ 4, V() +V5(s) M, ()P0 (S)
+a1+V, ()N, (8))P, 4 (S)

= P (8) =Vi5(S)P, o (8) + Vi, (S)[Fy o (S) + P (S)]
where
V,,(s) = 1-2s4(s)

Vi(8) = a[l+V,(S)V;, ()
Vi (s) =afl+ /1m1V1 () +V5(8)IVy, (8)
From equation 23

P.(0,8) = Py 5 (1) + 7R (1) + 7P o (8) + 7 [ Py o, (¥, ) dly

+7[ P (v, 0y +7[ P, . (v, D)y
0 0
Taking Laplace transforms on both sides

P.(0,5) = 1P o(8) + 1P, () + P (8) + 7 Py, (¥, S)dly

+7[ P (. 8)dy +7[ P, o, (¥, 5)dy
0 0

After simplification

(32)
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Re (8) = 71+ A4, Vi(S) + V5 (S) M1, (S) Ry o (S)
+ 71+ A, Vi(8) +V5(S) My, (S) P4 (S)
+7[L1+V,(s) M, () Pz,o (s)
P.(s) =V;5(s) P (s)a+Vy(s)[ Poo (s)+ Po (s)]

where

V12 (5) =

Vis(8) = 71 +V, (S)Vy, (5)
Vig(8) = 711+ 4, Vi () + V5 (S)IV, ()
From equation 5

[3+3+2¢B(x)}%o(x,t) -0

1-2s6(s)

ot oOx
Taking Laplace transforms on both sides
0
ai Ps,o (X, S)
O =5+ 24, (¥)]
Pro(X,)

Integrating ‘x’ between the limits ‘0’ to ‘x’
—sx—2f¢8(x)dx
0

= Py(X,8) =Py,(0,5)e
From equation 14

Po(0,8) = 4P, (1) + [ 4P, (v, t)dy
0
Taking Laplace transforms on both sides

P (0,5) = 22Pyo(8)+ [ 4P, (3,9)ly

Substituting the value of P3,(0,s) in the above equation we get
P,o(X,8) =Vi5(S)P, o(S) + Vi (S)IP, o (S) + Ry o (S)]

where
V17 (S) =
Vi (s)= ﬂz [ +V, (S)]V17 (s)
Vig (s)= ﬂ—zvs (s) +V, (s)

From equation 3

{%+;ﬂml thAn, thta+ f+ 7}P2,0(t) =bAP, ,(t) +bAP,(t)

1-2s,(S)
S

FRBO+ [ Pu (1,6, (17l

Taking Laplace transforms on both sides

|S + Ay, + A, + A+ + B +7|Poo(S) =bAP, o (S) +DAP,(S)

RS+ [ Pun (7:5), (1)l

(33)

(34)
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Substituting the values of P, (S), P, , (, ) in the above equation we get
P,0(8) =V, (8)[F 0 (s) + Py ()]

Vo (8) =bA, + RV, (8) +V5(8)S,, (S+ Ay, + 4, + A+ + B+7)

Vu(s)=(s+ 4y, + 4y, + A +a+y)

—/Imlsml(s+/1m2 + A + 4 +a+f+7y)

V2o (8)

Vy(s) = V..(s)

from equation 2

{% + A, + Ay Ao+ /”L}H’O(t) = T P, o (X, 1) (X)dx
+ [P, (9,0, (DAY +[ B, (2,04, (2)d2
+ T P (v,t)o(v)dx +T Py, (2,0, (2)dz +T R, (h,t)o (h)dx

+ j P. (u,t)5 (u)dx
0
Taking Laplace transforms on both sides

[S:4 Ay + 4y, + A1+ 7Pr0(6) = [ Pro (6,90 (00K
[P (1,9, (Y4 [ B, (2.9), (20024 [ P (v, )5

+ T Py, (2, 5)¢m2 (2)dz + T P, (h,s)o(h)dx + T P (u,s)o(u)dx

Substituting the values of
Pio(X,8), P (¥.9). Ry, (2,8), Py, (2,8), Fe(v,9). By(h,s), R (u,s)
In the above equation we get
PLo(S) =Vas(S)P,(S) + Vo (S)Ry 0 (S)
where

Vas(8) = A, (1+V,(5)Sg (8) + o 1 +V,(8)IS6(8)
+ 71+ V,(8)1S6(s) + 4, [A+V, (5)1S,,, (5) + B55(s)
Vau(8) = AV5(8)Sg () + a1+ 4, Vi (5) + V5 (S)ISH(S) + y[L+ 4, Vi (8)
+V5(8)1S5(8) + A, V5 (8) S, ()

(35)

(36)

Vo5 (8) = (S + Ay, + Ay, + Ay + @ +7) =V (8) = Amysm, (8) = A, [1+ 4, Vi (S)]S,, (5)

V23 (S) Vv (S) — V24 (S)

VaB)=y ) Vs (5)

From equation 1
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{%wz A+ Ayt +y}Po,o<t) = I Py o(X, 1) (X)X
+ [P (9,0, (DAY +[ By, (2,1)4,, (2)02
+ T P (v,t)o(v)dx +T Py, (2,1),, (2)dz +T R, (h,t)o (h)dx

+J.Pc(u,t)5(u)dx
0
Taking Laplace transforms on both sides

[+ 2, + 2y + Aa -t + 7 JPr0() = [ Pro(x.5)g ()l
+ [ Py, (¥, ), (VDAY + [ Py, (2,8)hy, (2)dZ + [ P2 (v, 8)5(V)dx

+ T P m, (2, s)¢m2 (2)dz + T P, (h,s)s(h)dx + T P- (u,s)s(u)dx
Substituting the values of
P3.0 (X’ S) ’ PO.ml (yl s) ’ PO.mZ (Zv S) ) lemz (Za S) , PE (V1 s) y PH (h, S) y PC (u, S) in the above
equation we get
Pys(S) Poo (8) =V,5(S)P, 4 (8) +V,,(s) Po (s)+1 (37)
From equation 34
Pz,o (%,8) = Vo () IDo,o (s)+ Pl,o ()]
Substitute the value of P, ;(S) in this equation we get
P,o (8) =V, () Po.o (8) +V,, (S)Vy4(s) P,o (8) +Vy, (S)V,; () Po.o (s)
V,,(S)[1+V,,(s
22( )[ 27( )] POYO(S)
1_V22 (S)Vze (S)
V29 (S)
V()
where  Vg(S) =1—V5,(5)Vo5 ()
Vg (s) =V,, (S)[1+V27 ()]
From equation 36
BLo(8) =Va6 ()P, 0(8) + Vo7 (S)R, o (S)
Substitute the vale of P, (S) in this equation we get
V6 (8)V5, (8) +Vy; (5) Py, (S)
1 _Vze (S)V22 (5)

Vi (8)
Vals)

= Pz,o (5) =

= Pz,o (S) = I30,0 (S) (38)

= Pl,o (S) =

= Pl,O(s) =

where
Vi (8) = Vo5 (S)V,,(8) +V, ()
From equation 37
Pos (8)P.0(8) =Va3 ()P0 (8) + Vo, (S) R0 (S) +1
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Substitute the value of P, ;(s), P, ,(S) in this equation we get
V28 (S)

V31(S)

where V3, (S) =V,5(S)Py 6 (S) = Vi3 (S)V55 (S) = Vo4 (S)V5 (S)
Substituting the value P, ,(S) in equation (37, 38) we get

Po(s) = —\\;30 g;

= F)o,o (S) =

(39)

(40)

V29 (S)

(41)
V()

P,0(s) =

Evaluation of operational Availability and Non-Availability
The Laplace transforms of the probability that the system is in operable up and down state at time ‘t’ can be
evaluated as follows.

Pup (S) = Po,o (S) + Pl,O (S) + Pz,o (S) + PO,mi (S) + Pl,ml (S) + PZJTh (S)
=[1+ 4, Vi (8) + V5 (8)IRy o (8) + [1+ 4, Vi (S) + V5 (8)]P,(S) (42)
+[1+V,(8)]P,(s)
Paaun (8) = Ps o (8) + By, (8) + P, (8) + Py, (S)PL(8) + P (8) + By (5) + R (S)
=[V7(8) + V19 (8) +V34(8) +Vis (5) +Vis (8)1(Fy o (8) + R (5))
+ [V, (8) + V1 () +Vi5(8) + V5 () +Vig (S)I(P, 0 (S)

ERGODIC BEHAVIOUR
Using Abel’s lemma is Laplace transform,

It —— It
viz., sf(s) = f(t) = f(say), provided that the limit on the R.H.S exists, the time independent
s—0 t—0

up and down state probabilities are as follows.
Rop () = Roo(8) + Po(S) + Pyo(S) + Ry (S) + P (8) + Py, (S)
V6 (0) V,,(0) (44)
=[1+A_V,(0)+V.(0)] 22 +[1+A_V,(0)+V.(0)] 22~
[1+ 4, V1(0) +Vs( )]V31(0) [1+ 4, V1(0) +Vs( )]v31(0)

V29 (O)
V31 (0)

Piown (8) = Poo(8) + Py, (8) + 4P, (8) + 4Py, ()P (8) + Py () + Py () + P (5)
V25(0) +ve,o(0>j

(43)

+[1+V,(0)]

Va1(0)  V5,(0)

V29 (0)
VSl(O)

= [V7 (O) + V10 (0) + V14 (O) + V16 (0) + V19 (0)](
(45)

[V5(0) +V,,(0) +V,5(0) +V,5(0) + V.4 (0)]{

4

and

PARTICULAR CASE:- When repair follows exponential distribution setting S; (s)=

o
S, (s)= —5where i = B, my, m, in results (25) to (34) (39) (40) (41) one may get the various probabilities as
S+

follows:
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Po]o (S) — g28 (S)

9a:(S)
950 (S)
Ro(s)=
ofs) 9s(8)
92 (S)
Pyo = 3
of8) 92, (5)

P,o(S) = 045(3) P, (8)+ 95 (S)[ Po.o (s)+ Po (s)]
Po.m, (8) = 0,(8) Ay, Po o (S)

Pom, (8) = 0:(8)An, Po(S)

P (s) = 9,(S)[Ryo(8) + Po ()]

Py m, (8) =94(8)P, o (8) + 95 ()[R o () + P (S)]
Po,m2 (S) =0y (S) Po,o (5)

Fom, (8) = 9:(s)R(s)

Pz,m2 (8) = 9o (S)P,4(8) + 930 (S)[P o () + Py o (S)]
Py (8) = 91.(5) P, 4 (5)

Pz (S) = 915(S) Py (8) + 91, (S)[ Py o () + P (S)]
P.(s) = 955(8) P, (8)+95(s)[ Po.o (s)+ Po ()]

where
0u(9)=(S+ A4, +A+a+y+d,)
0,9=2"D%0 5 690

s+ 2R,

%a(S)=(S+ Ay, + L +a+y+d,)"
94(5) = g3(s)ﬂm1
9s(s) =bAAm,g, (s) + R,,(s)
96(S) =(s+¢,)"
97(8) = An, [1+ 47, 9:(5)196(5)
S =y,
s(s+¢p,)
9o(8) = A, [1+ 94 (5)1 95 (s)
910 (S) = 4n, 95(8)195 (S)

Js (5) =

911(5) = S(S N 5h)
S—0
912(3) = S(S +§)

015(8) = a1+ 9,(5)]19,,(5)
9,(8) =afl+ ﬂ’ml 9,(8) + 95()19.,(s)
915(S) = 71+ 9,(5)]191.(S)
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916(S) = 711+ 4, 9:(S) + 95(5)] 91, (S)
s_

6o(5) = e

915(8) = A[1+ 9,4(5)]19,7 (5)

010(S) = 4,95(5) 947 ()

020(8) =bA +RG,(8) + G5 (S)hy, (S + Ay, + 4+ +y+ )7

U () =(s+4,, + 4, + L, +a+y)

— D@, S+ Ay, + A + 2y +a+ f+7)7

9,:.(5)

U3(S) = A, (L+9,(S) + 5 (s) + ¢B)_1 +afl+g,(s)]+o(s+ 5"
+ 7L+ 9,(8)16(s +8) " + A, [L+9,(8) Iy, (5 + )"
+BS(s+0)™"

054(8) = 4,95(S) + B (s + 45) " +all+ 4, 9,(5) + 95 ()16 (5 +5)
+ [+ 25, 91(8) + 95 ()15 (s +6) " + A, G5 (S) ¢y, (S + 1, )™

Ups(S) = (S+ Ay, + Ay, + A+ +7) = 0y (S)
= A @, S+ B0 ) = A L+ 20, 0, (), (S + ¢,

9, (8) =

_ 923(3)
Uy(S) = 0,.(5)
_ 924(5)
9,7 (5) 0..6)

25(8) =1—0,,(5)95(S)

20(S) = 9 (S)[1+ 95, (5)]

U30(S) = 926(5)9,(8) + 957 (5)

931(S) = 955(5) 925(S) = 955(5) Y29 (S) — 954 (S) 30 (S)

UP and Down state probabilities
The Laplace transforms of up and down state probabilities are as follows.

Rup(8) =R (8)+ Po(s) + Py (S) + Po.m, (s)+ Pim, (s)+ Py (s)
= [1+ ﬂvml 0, (S) +0s (S)]Po,o (S) + [1+ /1m1 0, (S) +0s (S)]Pl,o (S) (44)
+[1+94(5)IP, ()
Piown (8) = Py (8) + Ry, () + R,
=[97 + Gio + 914 + G16 + G10]F5,0(S)
+[97 + 9o+ G4 + Gus + G161, (5)
+[9o + 01 + G5+ Gss + 9151P5 0 (5)

RELIABILITY:

(8) + Py, (8) + Pe(8) + R (5) + Py (8) + R ()

Laplace transforms of the reliability of the system given as follows:
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A bAA bAA
R(s) = 1 1+ m1+ﬂ“"1+b/11+ A,
S+A s+C s+C s+B (s+B)(s+D)
Taking inverse Laplace transforms of the above equation we get

R(t)=e’“[1+ o, D2, DA, b’%ﬁ}

+ + +
C-A B-A (B-A)(D-A) (C-A
wm{ “bi . bAd, }e_c{ —m,__ bAdy, }

(B-A) (A-B)(D-B) C-A) (C-A)

+e‘D‘[ DA, }
(A-B)(B-D)

M.T.T.F
Mean time to system failure is the expected time to operate the system successfully which is given as
follows:

MTT.F =jR(t)dt
0

B 1{“ bim, __Am,_ bAk,  bil, }

A" (B-A) (C-A) C-A (D+A)(B-A)

1| -ba  ~ bA4, I D
B-A (D-B)(A-B)| C|(C-A) (A-C)

B
1 b2 An,
+B{(B —D)(A- D)}

where A=A, +4, +4+a+y, B=4n +4n, tAh+ta+f+y

C=4, +th+ta+y, D=4, +4,+a+y

Numerical Illustrations:
Reliability Analysis:
4, =001, 4,=0.02, 4, =0.011,4, =0.015, =001 B=0.02 v=003 b=096and for

different values of t in the equation (60) one may obtain the reliability of the system as given in fig 2. The
reliability of the system decreases slowly as the time period increases. It also depicts the reliability of the system
for a long time period.

M.T.T.F

A1 =0.01,%,=0.02, 4, =0.01,b=0.96, § =0.02 and taking different values of 4, in the equation (61)
one may obtain the variations of M.T.T.F. of the system against the environmental failure rate o shown in figure
3.

The variations in M.T.T.F w.r.to Environmental failure rate as the major failure rate of the subsystem A
increases. The series of curves Represents that MTTF decreases as the environmental failure increases
apparently.
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V. DISCUSSION
In this paper we presented mathematical models
of imperfect switching, environmental, common
cause and human error effects, so probabilistic
behaviour considering various values of coefficient
of human error, common cause, environmental
effects respectively.

VI. CONCLUSIONS :
The Reliability, MTTF curves are plotted in figures (2),
(3). From these graphs we observe that
i) The Reliability of the system decreases slowly as
the time period increases.
ii) The MTTF decreases as the environmental
failure increases
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