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INTRODUCTION

Earlier researchers [1-3] have studied the reliability and MTTF for various complex equipment’s, keeping in view the
concept of human and hardware failure [1-3]. Previous study reported the reliability and MTTF analysis of non-
repairable parallel redundant complex system under hardware and human failures [4]. Other researchers had studied the
human error and partial hardware failure modeling of parallel and standby redundant system [5]. Also, previous
researchers had studied the stochastic analysis of a compound redundant system involving human failure as a matter-
of-fact human failure is defined as a failure to perform a prescribed task which could result in damage to the equipment
and property [6].

There exist a number of causes for human error; e.g., lack of good job environments, poor training or skill of the
operating personnel and so on. On the other hand, hardware failure occurs due to flaws in design, poor quality control,
poor maintenance, etc. This type of study can be found in reference. In this paper; the authors have considered a
repairable complex system consisting of two subsystems A and B. The subsystem A has a two-unit active parallel system
whereas the subsystem B hast unit alone. The two subsystems are arranged in series. Both the units of subsystem A
suffer two types of failure viz; hardware and human whereas subsystem B suffers only one type of failure. With the aid
of Laplace transforms of the various state probabilities have been derived and then reliability is obtained by inversion
process. Moreover, an important parameter of reliability, i.e., MTTF (mean time to failure), system availability and
steady-state availability are derived. The failure times of operating units and repair time of failed units are exponential
distributed. The effects of additional repair in this system performance are shown in tables and graphically.

This paper presents the mean time to system failure, pointwise availability of the system at time t and steady state
availability and point wise reliability of the system at time t and steady state availability. In this system the following
assumptions and notations are used to analyze the system. Initially, the system is in good state, the system has two states,
viz; good and failed, a failed unit can be repaired, Hardware failures for all the units are also constant, Failures are
statistically independent, two units connected in parallel redundancy suffer two types of failures, namely constant
hardware failure and in the complex system, only one change can take place in the state of the system at any time.
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Notations

probability that the system is in state S, at any time t,

P (t) fori=0, 1,2,..., 10

S Laplace-transform variable,

F(s) Laplace-transform of F (t),

ﬂA the constant hardware failure rate of a unit of sub-system A,

’18 the constant hardware failure rate of sub-system B,

Ha the constant repair rate from hardware failure of a unit for the
sub-system A,

Hp the constant repair rate of sub-system B.

a  the constant hardware failure rate of a unit of sub-system A when
the second unit has already failed,

S the constant hardware failure rate of a unit of sub-system B when
the second unit has already failed,

Stochastic behavior of the system
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Figure 1. The states of the system
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A As

Two units m parallel Two units in parallel

;Lfd ﬂ'.‘i‘

Sub-system A Sub-system B

where, O =unit in the operative mode,
F = unitin the total hardware failure mode,

Cor UR = unit is under repair ) states:-
: (~2)
"lAB S T (AB )T (AR S T (ABe ) T (AL,

Ss :(AO7Bur J, 85 :(A\NUBur]' 87 :[AM'BO} Sg Z(AJI”BO ]' Sg :(AuﬂBwr}
ANI’ ' Bwr A\Nr ' BO Aur’ BO ANI’ J Bwr AO’ Bwr
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SYSTEM RELIABILITY

The system reliability R(t) is the probability of failure-free operation of the system in (0, t]. To derive an

expression for the reliability of the system, we restrict the transitions of the Markov process to the up states, viz.
Sp:S;,andS,,S,, S, . Using the figure (1); we derive the following differential equations:

dp;t(t)+(2j’ +225 )Py (t) = 24, P, (1) + 415 P, (1),
dgl(it))Jr(a/zﬁzzB + 4 ) Py (t) =22, Po (8) + 5 P, (1),
d

P‘;t(t) + (2/1A+ﬂﬂ13 +,UB) ( ) _Z%po( )+:UA (t)
dpét(t) +(y + Bl + a2y ) Pa(t) =22 Py (t),
dng;)+(ﬁﬂg +ad, + 1y )P, () =22,p, (1),

(1-5)

Using initial conditions, P, (0)=1,P,(0) =0, where i =1,2,3,4. Taking Laplace transforms, of the equations (1-5), we
get
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Po(S)=_4/7~a/1b/1aﬂb+(S+):1)(s+x3)(s+x2)(s+x4)'
16 0)
P(s) - (s +X) (42 Aty +22, (5 +X,)(s +X,)) |

I%[(S—Sr)
. (s) = (4211, + 22 (5 +%,) (s +X;) (s +X,))

rlill(S—Sr) |
p.(s)= 22, (42,2 1, —22, (s +X,)(s +x4))’

5
11 (s=sr)
=2, (-4 -2

P4(S)= a( aﬂ‘o/uas /ID(S+X1)(S+X3))’ (6-10)
1 (s =sr)

Now taking inverse Laplace transforms of equations(6-10), we get

P (1) S\ 42, A A +(Si +X1)(S; +X;5)(S; +X,)(S; +X,) ot

0 - )

5

= rzll,—r[;ti (si—sr)
(1) = i(Si +xl)(4ﬂaﬂbu50 +22, (s; +X,)(s; +x4)) o
- r:ll,_r[;ﬁi (Si _Sr)

P (t) = Zﬁ,‘(4/1aﬂbya+22b (s; +%,)(s; +X4)(s; +X3)) ot

5

- rzll,_r[;ti (Si —Sr)
5 24, (—44, =22, (S; +X,)(Si +X4))

P (1) = Zﬂb( ot =20 (5, %) (5 %)) 1
. r:ll,_r[;ti (si _Sr)

p(t) = i—zza(—uazbyz—zzb (s; +%,)(s; +x3)) ot (11-15)
= r:ll,—rlii (Si _SI’)

were, X, =(ady + B + 14y ) X, = (oA + Blg + 115 ),

Xo=(0Ay +225 + 1, ) and. X, =(24, + g + 145 ),

Then the system reliability is given by

R(t)= po(t) +p(t) +p,(t) +ps(t)+pa(t),

= (444, (22,41, + 244, — p s, +B, (41, +D, ))+A 24, (24,44, +B,D,)

= (12)

+C, (44,4, +B, (24, +D, )/ [T, (s, =s,)1*e
where, A; =(S; +%,),B; =(S; +x,),C; =(S; +x;),D; =(S; +x,)
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S,S, and S; ,S, are roots of the polynomial of the expand the determinant for the following matrix:

(S+24a+27) Ha Ho 0 0
-2 (S+2p +ug+aty) 0 0 — 1t
-2 0 (S+22q+aky +1) —1tg 0
"y 0 0 (S +atg-+aly +1ia) 0
24 0 0 0 (S+adp+aig-+ity )

MEAN TIME TO SYSTEM FAILURE
The Laplace transform of the reliability of the system is given by:

R(s)= Po(s)+P1(s)+P2(s)+P3(s)+P4(s)
R (s)- 4302 (22qun + 23 14y — 1ttty +B (11 +D5))+A(2/1a (24, 1y +BD)+C (42348 (24, +D))) (13)
rl;ll(s_sr)
Where, A=(S+x,),B=(S+x,),C=(S+x;),D=(S+x,)

The mean time to failure of the system is given by:
—4/1A/Is,ui+;(l;(2;(3;(4—2/h(—;(1(2/18(MA+2/15+/1A)—4/1A/13,u5))

A X220+ 2 A0+ 1)+ A e o+ XA Aty = X 22k (A0 =2820 - 11,)))

200 (420 e o+ X220 A0 =280~ 11))) 420 Ae (€ Au e, + P AL, 200 A+ 200 1)
A ARt X X (2Rt 20 (A Ao)) 20 A1t

MTTE=  lim R(S)

S5-0

(14)

SYSTEM AVAI LABILITY

The system availability is the probability that the system operates within the tolerances at a given instant of time and is
obtained as follows:

dpgt(t)Jr(uA+2zB)po(t)=ﬂAp1(t)+uB p,(t),
dgl(gt))+(m+zzs T )Py (8) = 22,00 (1) + 0 P (1) + 4 P4 (1),
Relt) (B +22, 10 )P =22Po 1)+ Py () 11 Pu 1)
PN (i + B2 02, PO =2 R, 1) 1P 1),

dpat(t) (B + 0y + )Py (t) =24, P, (t)+ 1, Py (1),

dpgt(t) (s )P (t) = B Py (1),

dpgt(t) + 11y Py (t)=asP, (1),
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dpé_t(t) 4P, (t) =, Py(t)+ Py (t),
dps_t(t) + 1Py (1) =k, Py (t),

dpg_t(t) 1Py ()= Py (1),

dpao_t(t) + 115 Py (t) = B P, (1) + 11, Py (1),
(15-25)

Using initial conditions, P, (0) =1,P (O) =0, where i =1,2,..,10. Taking Laplace transforms, of the equations (15-
25) and determinant for the following matrix,

s+x1 —pa —ub 0 0 0 0 0 0 0 0
—2)\a s+ x2 0 0 —ub 0 0 —pa 0 0 0
—2Ab 0 s+x3 —pa 0 0 0 0 0 0 —ub
0 —2Ab 0 s+ x4 0 —ub 0 0 0 0 0
0 0 —2Aa 0 s+ x5 0 0 0 —pa 0 0
[ O 0 0 0 —fAb s+ b 0 0 0 0 0
0 0 0 0 —ala 0 s+ ub 0 0 0 0
0 —ala 0 0 0 0 —ub s+ pa 0 0 0
0 0 0 —ala 0 0 0 0 s+ pa 0 0
0 0 0 —[Ab 0 0 0 0 0 s+ pa 0
0 0 —fAb 0 0 0 0 0 0 —pa Ss+upb

where
% =2 +245) X =(ady+ 205 + )
X = (s +ady+ PAs) Xy =(up+ady+ Bls) %=t + 24, + )
Now taking inverse Laplace transforms of Equations P, (s), P,(S), P, (S), P;(s) and P, (s) in the matrix

Since S,,5; S,,S; and S, correspond to system up-states, the system availability is given by
AV (1) = Ry (1) + R () + B, (1) + Py (1) + P, (1)

Behavior of the system from the graphs
Figure (2-4) demonstrate the following results which are only to be expected.

As both the time for taking a unit o and A increases:

1-the mean time to system failure with two sup system A and B increases.

Figure (5) show that the present of additional « lead to improve the values of the mean time to system failure are
increases by using two sup system A and B increases as shown from their behaviors when plotted against ¢ .
Figure (6-7) demonstrate the following results which are only to be expected.

As both the time for taking a unit o and A increases:

1-the mean time to system failure with two sup system A and B increases.

Figure (8) show that the present of additional « lead to improve the values of the steady state availability are increases
by using two sup system A and B increases as shown from their behaviors when plotted against « .
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Figure 2. Behavior of the mean time to system failure w.r.t( /IB)
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Figure 3. Behavior of the mean time to system failure w.r.t( ﬂ‘B)
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Figure 4. Behavior of the mean time to system failure w.r.t( /IB)

e, =y =0.9,4, =0.02, =1 =2)
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Figure 5. Behavior of the mean time to system failure w.r.t( ’IB)
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Figure 6. Behavior of the mean time to system failure w.r.t( }“B)
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Figure 7. Behavior of the mean time to system failure w.r.t( ’IB)
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