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Mathematical Analysis of a Two Unit System
With Connecting and Disconnecting Process

Viresh Sharma, Reena Grover

Abstract: on this paper the creator have taken into
consideration the using ahead exceptional exam of a unit shape.
The shape consolidates devices associated in plan. The misstep of
one of the gadgets reasons the completer close down of the shape.
inside the wake of preserving the fizzled unit, the framework
works in a reduced farthest point nation and the fizzled unit goes
to restore. the frustration of the rest of the unit inside the dirtied
state reasons the company frustration of the framework.

Keywords: Repair rate, reduced efficiency,
transforms, operating state.

Laplace

I. INTRODUCTION

The kingdom increase define is given in Fig. 1. The shape
is running in its general not unusual experience country.
Human oversight can manifest inside the everyday kingdom
moreover as inside the contaminated country due to which
the shape goes to the totally fizzled nation . structure the
country , the framework is fixed completely and recovered
to the commonplace nation. The restoration charges from
dirtied nation are diagnosed to be unsurprising and are self-
unequivocal from the totally fizzled states. unhappiness and
connect times for the gadgets experiment for after
exponential and trendy appointments, in a way of speakme.
using the tremendous issue manner, Laplace modifications
of different kingdom chances had been enrolled and
utilizing Abel's Lemma, nation s lead has also been
evaluated. some specific cases have likewise been delivered
to combine the outstanding outcomes.

Notation:
P, (t) Probability that the system is in state j at time t (j =
0,1,2,3,F H)
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Fig. 1 State transition diagram

P. Steady state probability
statej (j=0,1,2,3,F, H)

that the system is in
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A Constant failure rate of one unit in the system.
A, A, Constant failure rates.

7 Constant connecting / disconnecting rate.
Y7, Constant repair rate of a unit in the system from

state S,
Mathematical Formulation of the Model:
Py (t+A) = By (1)(1-244)(1- £A) + P, () A
+I P, (x,t)B(x)dxA 1
B(t+A)=R(t)(1-A)+R(t).2A 2
R (t+A) =R (1)(1-24)(1-£A)(1-A)+R()rA 3
P (t+A) =P (1)(1-7A)+ P, (1) s+ [ P (x.t) e (x) dxA 4
P. (x+At+A)=P. (xt)[1-a(x).A] 5
P, (x+At+A) =P, (xt)[1- B(x).A] 6

Equations (1 to 6) are to be solved under the boundary
conditions:

P (0,t) AP, (t) 7
Ri (0.) AR, (1) + 4P (1) 8

As A—0, equations (1 to 6) reduce to the following
differential equations :

dpo_m+(2,1+ﬂl)l3(,(t) =;/P3(t)+.|'PH (xt)B(x)dx 9
B 1) =220 10
PO (12 w0 =R ) 11
Pl) 1) = 2, 0+ [P (1) 12

{—+%+a(x)}PF(x,t) ~0 13

in addition assuming that to start with at t = 0 the gadget
operates within the country of normal performance, we get
the subsequent initial conditions:

P,(0)=1And P, =0 forj=1,2,3,F, H 15
{s+24+4}P(s)=1+0R,(s)+ [P, (x.5) B(x)dx 16
{s+7}PR(s)=2R(s) 17
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{s+A+2,+u}P,(s)=7P(s) 18 And (f(s):y+—/w

d (s+a)
{&JFSJF“(X)}PF(X’S):O 19 The Laplace transforms of the up and down state
P probabilities are given by:

—+S X) P, (x,5)=0 22 _
{axJr +A( )} 4 (%5) Pup(s):ﬁ{l+2/1yA(s)B(S)}
P (O,S):ﬂ,F’2 (S) 21 1( )

_ 1 -

P, (0,5)= 4P, (s)+ 4P, (s) 22 and Py, (8) =P ()

solving equations (sixteen to 21) we get the Laplace
transforms of the kingdom chances:

R (s)= @ 23
Where
K(s)=5+22+4(1=8,(s))-227A(s)B(s) {rA(s)C (s)
+2,8,(3)) 24
R (s)=22A(s)Ry(s) 25
P,(s)=227A(s)B(s)R (s) 26
Ps(s):217A2 (s)B(s)C(s)PR,(s) 27
1-S,(s)
7. (5)-2,(s) = 2
P, (s)={AP (s)+ AP, (s)}[isﬂ(s)} 29
It is worth noticing that:
Pp(8)=PRo(s)+P(s) = Kts){1+2/10A(s)B(s)} 30

Pran (5) = R (5)+ P, (5) P (8) Ry (8) = S =Py (5)

Particular Case:
When repairs follow exponential time distribution, setting
5, (s)=—%s,(s)=—2 31
S+a s+
The Laplace transforms of state probabilities reduce to the
following:

RO % “
P.(s)=24A(s)R(s) 33
P, (s)=247A(s)B(s)R(s) 34
P, (s)=24yA?*(s)B(s)C(s)R,(s) 35
P.(s)= ?Spi(:; 36
B, (s)- AR ((S)HQ)F_’Z (s) 37
Where,
K, (s)=s+24+ (Sﬂjsﬂ) —247A(s)B(s) )
{yA(s)C(s)+ (8/1—12—[;’ )}
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STEADY STATE BEHAVIOUR OF THE SYSTEM
Using Abel’s lemma, we ge

Ry =limsk,s
1+22yA(0)B(0)
K, (0)

Where,

Kl'(0)1+£+%+L{l+i+&}
By (A+h+p) a B
RELIABILITY, MTTF AND VARIANCE OF THE
SYSTEM:
Setting y =u=a= =0, we get the reliability of
the system

R(s)=—— 40
S+24+ 4,
Mean time to failure of the system
MTTF =limR(s) = 1 41
=0 2A+4)

The variance of time to failure of the system is given by
2 H ' 2
o :_ZL'EQR (s)—(MTTF)
B 1
(2A+4)?
Numerical Computation of the results:
setting 0=p=0.5, r= 0.seventy five, p =0.2, A1=zero.2 and
A2=zero.three in condition 39, we get the estimations of
battling kingdom accessibility of the shape for selective
qualities ofx. The properties are given in table 1. putting Ah
= 0.05 in condition forty the enduring idea of the structure at

something point t is picked for exceptional estimations of A.
the values are given in work area 2.

RESULTS

Table 1 Steady state availability vs Failure rate

Failure rate Steady state availability
0 0.9961
0.1 0.9818
0.02 0.9495
0.03 0.9285
50.04 0.8897
0.05 0.8802
0.06 0.8524
0.07 0.8434
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0.08 0.8271
0.09 0.8126
0.10 0.7867
0.11 0.7844
0.12 0.7714
0.13 0.7472
0.14 0.7447

Table2: Reliability vs Time

Time Reliability
3=0.2 3=0.3

0 1.0000 1.0000
1 0.9887 0.7542
2 0.8877 0.6245
3 0.7877 0.4581
4 0.6895 0.2632
5 0.4726 0.1246
6 0.3478 0.0758
7 0.2236 0.0457
8 0.1542 0.0365
9 0.1158 0.0254
10 0.0926 0.0122

1.2

1

0.8 \

0.6

0.4

0.2

0

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

Fig 2 Steady State Availability Vs Failure Rate
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Fig 3 Reliability Vs Time

Graphical Representation:

The diagram of tolerating country straightforwardness
versus dissatisfaction charge (1) is given in Fig 2. From the
diagram it is able to be visible that the transparency of the
shape decreases certainly with development in unhappiness
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charge after a extensive stretch of time. The breeze in Fig 3
well-known shows the direct of suffering nature of the
structure at anything oversee t with respect closer to
3=zero.2 and »=zero.three

REFERENCES

Gupta, P.P. and R.K. Sharma, Reliability analysis of a two-
state repairable parallel redundant system under human
failure, Microelectron. Reliab. 26, 221-224, (1986).

Gupta, P.P., R.K. Gupta and Lokesh Tyagi, Cost analysis of a
two-unit  electronic  parallel redundant system with
overloading effect, Microelectron, Reliab. 25, 847-581 (1985).
Lesanovsky, A., Availability of a 2-unit cold-standby system
with degraded state, IEEE Trans. Reliab. R-31, 123 (1982)
Goyal, V. and K. Murari, Cost analysis in a two-unit standby
system with a regular repairman and patience time,
Microelectron. Reliab. 24, 453-459 (1984)

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



