International Journal of Statistics and Applied Mathematics 2022; 7(3): 107-109

International Journal of

Statistics and Applied Mathematics

ISSN: 2456-1452

Maths 2022; 7(3): 107-109
© 2022 Stats & Maths
www.mathsjournal.com
Received: 11-03-2022
Accepted: 15-04-2022

Pardeep Kumar

Assistant Professor,
Department of Mathematics,
Chhotu Ram Arya College,
Sonipat, Haryana, India

Mimansha

Assistant Professor,
Department of Mathematics,
Tika Ram P.G. College,
Sonipat, Haryana, India

Corresponding Author:
Pardeep Kumar

Assistant Professor,
Department of Mathematics,
Chhotu Ram Arya College,

Sonipat, Haryana, India

Stochastic analysis of two unit system

Pardeep Kumar and Mimansha

DOI: https://doi.org/ 10.22271/maths.2022.v7.i3b.828

Abstract

The paper analyzes the sensitivity of two unit system for system parameters uses Regenerative Point
Graphical Technique (RPGT). Taking failure and repair rates constant. A state diagram of the system
depicting the transition rates is drawn. Expressions for path probabilities mean sojourn times, mean time
to system failure, availability of the system, busy period of the server, expected number of server’s visits
are derived using RPGT. Sensitive analysis of the system is done. Tables and graphs are prepared to
compare and draw the conclusion.
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1. Introduction

Individual units play a critical role in the proper functioning of a system, which can be made
up of a number of them. A stochastic analysis and sensitivity analysis of a two-unit system
(one with parallel subunits and the other with series subunits) is performed in this work.
Demonstrated how to solve redundancy allocation in complicated systems using a heuristic
method. The major goal of this work, according to Kumar et al. (2019) B, is to evaluate a
washing unit in the paper sector using RPGT. Kumar et al. (2018, 2017) & °I have calculated
the behaviour analysis of a bread organization and edible oil refinery plant. Kumar et al.
(2019) ™ analysed a cold standby framework with priority for preventive maintenance
contains two identical subunits with server failure utilizing RPGT.

The 3:4: G System was described by Kumar et al. (2018) I, Kumar et al. (2017) 8
investigated the urea fertilizer industry's behavior analysis. For the profit analysis, we used two
units, A and B, in which unit 'A" has sub units in parallel, so if one or more sub units fail, the
system works at a reduced capacity, and if the number of sub unit failures is greater than a
predefined number or else, the system is considered to be in a failed state. Because the sub
units in Unit 'B' are connected in series, if any of them fail, the unit will fail, putting the entire
system in a failed condition.

The fuzzy idea is utilized to determine a unit's failure/working condition. A transition diagram
of the system is built using exponential (constant) failure rates, general & independent repair
rates, and various probabilities to determine Primary circuits, Secondary circuits, Tertiary
circuits, and Base state. To determine system parameters, the problem is solved using RPGT.
Graphs and tables are used to illustrate system behavior. For profit analysis of the system,
specific cases are taken for various repair and failure rates.

2. Assumptions and Notations

e Failures and repairs are statistically independent.

e Repair is perfect and repaired system is as good as new one.
¢ Nothing can fail when the system is in failed state.

ai/n: Constant failure rate of the servers

Bi/n: Constant repair rate of the units

3. Transition Diagrams
Taking into consideration the above assumptions and notations the Transition Diagram of the
system is given in Fig 1.
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So=AB, S1=A4B, S;=aB, Ss= Ab, Ss= Ab

Fig 1: Transition Diagrams

3.1. Model Description

Both units are initially in a good state denoted by SO, but
when unit 'A' fails partially, the system enters the reduced
state S1 where the server begins repairing the partially failed
unit, and when it is fully repaired, the system returns to the
full capacity working state So. If no further failures occur, the
system enters the state Sy, from where it returns to the full
capacity working state So after repair. If in state So unit ‘B’
fails than the system enters state Sz where it is repaired and
the system reenters the Sp and in reduced state S; if the unit
‘B’ fails in the organization enters the S4 where it is restored
and the organization re-enters the state S;. Disappointment
and repair rates are characterized along the pathways of the
transition diagram as shown in fig. 1.

3.1.1. Transition Probability and the Mean sojourn times

Table 1: Transition Probabilities

dii(t) - Pij = g*ij(0)
90,1 () = (ay/mye Lm0 ) Poa= @ i(orta)
(a1 +a)
qo3(t) = (a /n)e_[ n 1t Po3= o /(o1ta)

G10(0) = By ymye T m W | pao=nBy/(nprma+mas)
B1), (ataz)
q12(6) = (tﬂ-’z/n)e_[TJr e P1,2= mo2/(nBar+mor+maoz)
(B1), (at+az)
q14@) = (a /n)e_[TJrT]t P1,4= mo/(nPr+ma+maz)
Q20= Bre Pt P20=1
q30=Be Pt p3o=1
qaq=Be Pt pys=1

Table 2: Mean Sojourn Times

Ri(t) Hi=Ri*(0)
O i Ho= n/(a1+a)
Ri(H)= e‘[(fn_l)’f@]t M1 = mn/(np1+mo+maz)
R,(t)= e~ (B2/m)t t2=m/B2
R (D)= e~ Ha=m/B
Ry(D)= @ Ha = m/B

4. Evaluation of Parameters

The Mean time to system failure and all the key parameters of
the system under steady state conditions are evaluated,
applying Regenerative Point Graphical Technique (RPGT)
and using ‘0’ as the base-state of the system as under:
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Voo =1 (Verified)
Vo1 = (0,1)/{1-(1,4,1)}

= po.a/(1-p1.4pas)
Vos = (0,1,.2){1-(1,4,1)}

= Po,1P1,2/(1-p1,apar)

Vo,3 = (0,3)

= Po;3

Vo = (0,1,4){1-(1,4,1)}
= Po,1P1,4/(1-p1,apar)

MTSF (To): The regenerative un-failed states to which the
system can transit (initial state ‘0”), before entering any failed
state are: ‘i’ = 1 taking ‘€” = ‘0’.

sr(sff)
bl

nm1$z{1-v——m1m1}

)

1- Zsr o

MTSF (To) = [ Xisr

m2$§{1'vm2m2}

To= (Voomo+Voap1)/{1-(0,1,0)}

Availability of the System (Ao): The regenerative states at
which the system is available are ‘> = 0,1 and the
regenerative states are ‘i’ = 0 & 1 taking ‘§’ = ‘0’

{pr&S )} uj

. {prE T iuf
A - X > PR - ; —_— 1
’ [Z].sr {nmlii{l'vm}}] [Zl'sr {nm2¢§{1_Vm2m2}}]

Ao = [Z} Vf.j‘f}"uj] - [Zivf,iﬁfjuuil]

Busy Period of the Server: The regenerative states where
server is busy are j =1, 2, 3, 4 and regenerative states are ‘i’ =
0 & 1, taking & = “0’, the total fraction of time for which the
server remains busy is

{pr(&57>))}nj {pr(&S = in}

Bo=[X; Ve my] + [ZiVei 1]
Bo = (Vo1r1+Vou2+Voaua+Voaps)/D

Expected Fraction of Inspections by the repair man: The
regenerative states where the repair man to do repair are j = 1,
3, 4 the regenerative states are i =0 & 1, Taking ‘&’ = “0’, the
number of visit by the repair man is given by

{pr& N}

. {pr& " D}uf
Ko s | o |
- “kuz{l'vm} . sz::ﬁ{l-vm}

Vo= [Z;Ve,] + [ZiVes ui]

5. Particular Cases: a= ai; B = i

Profit Function: The system can be done by utilizing profit
function

Po = D1Ao — (D2Bo +D3Vo)

= D1Ao — D2Bo - D3Vo

Where: D1 = 1200;
D, = 100;
D3 =200
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Table 3: Profit Function (Po)

B 05 0.6 0.7
0.1 892 934 964
0.2 645 732 877
0.3 363 384 597
1200
1000
600
—0.6
\\ 07
400 —
200
0
0.1 0.2 0.3

Fig 2: Profit Function

6. Conclusion

From the fig. 2 and table 3, it is seen that profit increase with
the expansion in repair rates for example profit is directly
proportional to the repair rates of units and profit diminishes
with the expansion in the estimations of failure rates of units,
henceforth profit function is conversely proportional to the
disappointment/failure rates, in this way for optimum profit
function esteems repairman ought to be effective concerning
as could reasonably be expected and failure rates of units
ought to be as small as these can be for example good quality
units and over-structured units ought to be utilized for better
outcomes.
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