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Abstract

In this work, the yarn business is used as a case study to examine the dependability analysis of three unit
systems using RPGT. When a single unit fails, the organization can work with less skill since units A, B,
and D all consist of equivalent subcomponents. However, when two units are concentrated, the structure
is considered to be in an unsuccessful state because it is not profitable to operate. Each of the three units
has a distinct failure and repair rate. In order to quickly restore the broken units, one server is available
24/7. The problem is modeled using the units' constant disappointment/repair rates. It is necessary to
study particular circumstances in order to investigate how overhaul rates and unhappiness affect
organizational standards. The existing study resolve assist the companies in influential how many
outmoded machinery they can buy on behalf of a precise amount of money. Proportional studies of the
not compulsory method also give the organization an idea of which come near would give up the best
outcome. Following tense tables, discussions and conclusions take place.
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1. Introduction

The needs of modern society and the development of science and technology collide. Today's
competitive environment and people's increasing reliance on technology have forced industries
to focus on peak system performance while keeping costs low. It is generally accepted that by
focusing on the system's performance, significant improvement manifests itself in the form of
lower costs, higher build quality, higher reliability, and better manufacturing. Our lives would
be motionless or stopped without the modern conceptual systems that have been developed
over the years. System reliability of industry or a merchandise is a central phase of superiority
for its consistency act on its projected life phase. In huge complex systems resembling electric
power production and giving out plants, a statement set-up system and a trustworthy service
are important requirements. In such circumstances, a quick malfunction of a single element,
unit may effect in a health threat, or failure of service. akin impulsive disappointment may
happen in meting out productions which may in addition get destructive to the health of staff
and the reputation of the companionship in the advertise, even though such collapse may
become reason for the hassle on a smaller scale. consequently, paucities in the mean and built-
up of such complex structure must be spotted by trying at an early increase stage and later
corrected by a planned safeguarding line up.

Because of its rich soil and water supply brought about by geography and weather, the Abohor
and Fazilka Districts in Punjab's Malwa region are well known across the world for producing
cotton. Because of its abundance, the majority of the high-quality cotton produced in the
region is exported to other parts of India and beyond, but a sizable portion is still leftover and
utilized infrequently as a raw material for the yarn industry. Cotton mills treat row cotton in
order to separate the cotton seeds from the raw cotton. After that, cotton bales are transported
to various locations for marking. Because it is lucrative for a select few cotton farmers, self-
employment, and work satisfaction for the local populace, the Malwa region is home to several

yarn industries.
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This is due to the fact that moving cotton bales to other places
is more costly, time-consuming, and labor-intensive. The
dependability analysis of three unit systems using machine
learning is covered in this work (a case study of the textile
industry). When a single unit fails, the organization can work
with fewer resources since units A, B, and D all have
comparable subcomponents. A number of assumptions,
probabilities, and an aggregated transition representation of
the system must be taken into account in order to find
elements CO. Expressions for system parameters are derived.
Ritikesh and Goel (2015) 9 this paper discusses about the
behavior analysis of a system which has a single unit which
go to degradation following having complete failure by the
procedure of RPGT. At the initial stage the unit is doing work
at complete capacity and this can have failure of two types,
first one is the direct failure mode and second is by the
partially failure.

Discussed the sensitivity analysis of 3:4:: smart system plant
is shaped with a lonely server which contains of 4 non-
indistinguishable units within which elementary unit will add
diminish state thanks to partial failure using RPGT technique.
Kumar et al.. (2019) ®1 paper analyzed a sensitivity evaluation
of a cold reserve device with precedence for defensive upkeep
consist same devices with server disappointment the usage of
RPGT. In this wok there are devices certainly considered
individual among that is on-line at the same time as different
is saved in cold standby mode? Single restore facility is to be
had in 24*7. Tables & figures are installation to have a take a,
observe and draw the conclusion. Rajbala et al.. (2019) 1
studied the structure modeling & psychoanalysis: A case
revise EAEP manufacturing plant.

Rykov et al.. (2020) [ studied on the reliability function of a
k-out-of-n system through specific restore time distribution.
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Agrawal et al.. (2021) B! discussed the profit analysis of a
Water Treatment Reverse Osmosis Plant using the RPGT
under specific conditions for scheme parameters. Kumari et
al.. (2021) ™ studied on the explanation of constrained
problems by particle swarm optimization. Garg and Garg
(2022) B studied the presentation analysis of the briquette
machine in view of a neglected fault with PM used the
Artificial Bee Colony algorithm to optimize the assessment of
system profit.

Rohit and Poonia (2023) [ study focuses on the mathematical
modeling and sensitivity analysis of a steel mill made up of
four subsystems using RPGT; all subsystem's exponential
disappointment and specific repair rates are explored.

Kumar et al.. (2024) ™ examined the RAM properties of
various process industry systems. It gives a summary of how
RAM practices have evolved historically and how they stand
today within the intricate web of industries.

2. Assumptions and Notations

e There are consistent and distinct distributions of let-down
and repair times.

e The structure is as good as new after the repair, which is
flawless.

e  Switching is perfect.

Ai (1 <1< 6): Failure Rates
w; (1 <1< 6): Repair Rates
3. Transition Diagram Description

Considering the various possibilities and succeeding the
assumptions of the structure is drawn as under in Figure 1.

Fig 1: Transition Diagram

So = ABD, S = A_BD, S, = aBD, Ss = AED, Sy = AbD, 55 = Aﬁ,

Se = ABE, S7 =A_BB,33 ZABd, Sg ZED

4. Transition Probability

Now path probability of the system from the base position of system are given as

Voo =1 (Verified)
Vo, 1= M/As+hotAz+wWi)/(A1+As+Az)(AstAhz+wy)
Vo, 2= Md/(A1+As+A3)(Ast Azt wWy)

Vo,3= ....... Continuous
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5. Methodology and Discussions
Busy Period of the Server: States where attendant is busy used for exploit a number of job are ‘i’ =1 to 9, attractive ‘€’ = 0’

{pr(E")}nj ) {pr&Duf
Bo= : > Ur- Y= . —_— 7
o R el M B
Bo=[Z Ve, my] + [ZiVei i)

Bo= [{(A /As+ro+hs+Wa)/(A1tAs+ha)(hs+hs+ W)}
+V o, 5pst{ As(AatAetA1+Ws)?/(AtAstA 3)(A 6tk 1+ W 5) (A 6+ A 3+ W s5)

()\. 3t 1w 5)+7\, 3 7\.5()\. 3t+A gtA W 5)/()\. 5+A 3+W 1)(7\. 1A s+ 3)(W 3+h 5HA 4)
()LG)\.]_'"‘)\.GWS+W3)\.3+W5)\.1+W52)+)\.1)\.5()\.3+}\46+}\41+W5)2/ (Mt+AstA3)(Asths+twy)
(AehatheWs+Wsha+Wshi+Ws?)+Aidshs(WatAi+AstAs)(Aathet A1+ Ws) /(L 1+ Ast+As)

(A s+ 3+ W 1)(W 3+ 5+A 4)(W 34 1 +) 5)(AaWstheA+AeWs+HWsAs+Wsha+Ws2+Waks) e}
+{ 7»5%1(7»3+7»6+X1+W5)2/ (7»1+7u5+7u3)(7u A 1+W 5)(7» 3tA gt W 5)
+hads(Ae+A1+W3)(As+Aa+Ws)/(A+As+As) (hstha+tWi)(Aehs+heWs+HWsAs+WsAg +Ws2)
+7u37u57»1(W3+7u 1A 5+7u4)/ (W 3FAgth 1+ A 5)/ (7»14‘7» 5+A 3)(W3+7»1+ A 5)(W 3+A5+A 4)
(7»57»1+7»6W5+W57u3+W57u1+W52)+7u127u37u5(W3+7u6+7u1+7»5)/ Ou 1+ As+A 3)(7» 5+A 2 +A 3 +W 1)
(A 5+ Az+W1)(W 3+ X 5)(AeA1theWs+Wsha+WsAi+Wsha+Ws?) iy} +{Ashe(RathetAa+Ws)?

/ (7u 1+As+ A 3)(W 3+ As+ A 4)(7»57\.1+7\.5W5+W57u1+7\,3W5+W52)+7u17\.57ue(X3+7ne+7\,1+W5)/
(MHAstA3) (AstAg+Wi1) (heha+Wsha+Wsha+heWs+Ws2)+AiAahshe(WatAs+A 1 +A s5)

/(7u 5+A 3 +W 1)(7\. 3Ws+Agh 1+7\‘5W5+W57\‘1+W57\.1+W52)pg}ug)}]/k = (l-uo/k)

Expected fraction Number of Inspections by repair man: The re-forming states where the restoration man visit afresh are
states 1, 3 and 6 to do this job the digit of visit thru the repair man stands known by

[E]Sr{ (r(E)) }l [ler{ {pr&5 " Diud }] [ZJVé’J] [Zle‘l"“l]

1 V 1-Vi—
1==E k1k1 2==§ kzkz

Vo= {(7» /As+ A+ Az+w 1)/ (7» 5+W 3)} }+{ )us()»e"’Ws)z/O\.Oue"‘)q"'Ws) (7\.6+7u3+W5) (X3+7\.1+W5)
A 3k 5(A 5tA 2TA 3+W 1) (A 31X 61A 1+W 5)/(A 5+ 3+W 1)(A 1+A 51 3)(WatAstAg)
(7»6K1+K6W5+W37x3+W57u1+W52)+7u17u5(7u3+7\.6+7\.1+W5)2/ (7\.1+7\.5+7u3)(7\.5+7\.3+W1)
(A6hatAeWs+Wsha+WsA1+Ws?)+AiAshs(WatAi+hs+Aa)(As+hetha+Ws)?/ (A 1A 5+A 3)

(7\. s+As+wW 1) (W 3+As5+A 4) (W s+ A1t A 5)(7\,3W5+7»67»1+7»6W5+W57\,3+W57»1+W52+W3?»3)}/ k

5.1 Particular different Scenario’s
Scenario 1: wi(1<i<6)=w; 1i(1<i<6)=A4

Busy period of server (BPOS) (Bo)

Table 1: BPOS
AW 0.50 0.60 0.70
0.10 7.88 7.78 7.68
0.20 7.90 7.80 7.70
0.30 7.92 7.82 7.72
7.95
7.85
'8 [ — " —4—w =0.50
71.75
== w = 0.60
7.7
w =0.70
7.65
7.6
7.55
A=0.10 A=0.20 A=0.30
Fig 2: BPOS
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Expected Fractional Number of Inspections by Repairman (EFNIR) (Vo)

Table 2: EFNOR

Aw 0.50 0.60 0.70
0.10 .56 .58 .60
0.20 .60 .62 .64
0.30 .64 .66 .68
0.8
0.7
06 “%
0.5 =—w = 0.50
0.4
=—w = 0.60
03
=le=w = 0.70
0.2
0.1
0
A=0.10 A=0.20 A=0.30

Fig 3: EFNIR

Scenario 2: Sensitivity analysis w. r. t. variation in repair rates. Attractived; = 0.15 (1 <i < 6) and unpredictablew; (1 <1< 6) one-
to-one at 0.60, 0.65, 0.70, 0.75, 0.80, 0.85

Table 3: BPOS

Wi W1 W2 W3 W4 W5 We

0.60 0.646 0.652 0.658 0.664 0.670 0.676

0.65 0.640 0.646 0.652 0.658 0.664 0.670

0.70 0.634 0.640 0.646 0.652 0.658 0.664

0.75 0.628 0.634 0.640 0.646 0.652 0.658

0.80 0.622 0.628 0.634 0.640 0.646 0.652

0.85 0.616 0.622 0.628 0.634 0.640 0.646

0.7
0.68 ——y1
0.66 =2
0.64 —d—w3
0.62 —e—=wil

0.6 —H—=w5

=—wWb
058 T T T T 1
0.6 0.65 0.7 0.75 0.8 0.85
Fig 4: BPOS
Table 4: EFNIR

Wi W1 W2 W3 W4 W5 Ws
0.60 0.114 0.112 0.110 0.108 0.106 0.104
0.65 0.116 0.114 0.112 0.110 0.108 0.106
0.70 0.118 0.116 0.114 0.112 0.110 0.108
0.75 0.120 0.118 0.116 0.114 0.112 0.110
0.80 0.122 0.120 0.118 0.116 0.114 0.112
0.85 0.124 0.122 0.120 0.118 0.116 0.114
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Scenario 3
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0.13
et \ 1
0.12 w2
0.11 - =de—w3
—p 4
0.1
e 5
009 T T T T T 1 . WG
0.6 0.65 0.7 0.75 0.8 0.85
Fig 5: EFNIR

Currently one reflects sensitivity analysis scenario 2 for vagaries in disappointment rates: enchanting repair rates w; = 0.85 (1 <i
<6) and erratic A, (1 <i < 6) one by one respectively at 0.10, 0.15, 0.20, 0.25, 0.30 and 0.35.

Table 5: BPOS
Ai M A2 A3 M As A6
0.10 0.58 0.47 0.36 0.25 0.14 0.03
0.15 0.69 0.58 0.47 0.36 0.25 0.14
0.20 0.80 0.69 0.58 0.47 0.36 0.25
0.25 0.91 0.80 0.69 0.58 0.47 0.36
0.30 1.02 0.91 0.80 0.69 0.58 0.47
0.35 1.13 1.02 0.91 0.80 0.69 0.58
1.2
1 ——A1
0.8 N -2
0.6 - =73
0.4 - S N4
0.2 =\ 5
0 T T T T 1 == A6
0.1 0.15 0.2 0.25 0.3 0.35
Fig 6: BPOS
Table 6: EFNIR
Ai M A2 A3 M A5 A6
0.10 0.58 0.56 0.54 0.52 0.50 0.48
0.15 0.60 0.58 0.56 0.54 0.52 0.50
0.20 0.62 0.60 0.58 0.56 0.54 0.52
0.25 0.64 0.62 0.60 0.58 0.56 0.54
0.30 0.66 0.64 0.62 0.60 0.58 0.56
0.35 0.68 0.66 0.64 0.62 0.60 0.58
=——A\1
=i—=A\2
== \3
0.2
e \
0 T T T T ! e A 5
0.1 0.15 0.2 0.25 0.3 0.35
Fig 7: EFNIR
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5. Conclusions

According to this concept, we take care of the system for a long time and a repair facility maintained by repairmen should be
provided in working condition. The concept of listening means a lesson in understanding the factors or reasons that cause system
failure. Nowadays there is a competitive era whereby each industry competes with each other to increase production and increase
customer demand. Brand reliability and customer satisfaction depend on the system; ability to deliver products and services on
time. So for this the system must be accessible, but functional process and working system reduce their capacity, performance and
reliability, when the subunits/units of systems fail and sometimes they do not benefit from timely maintenance or temporary
maintenance and in some cases Repair is only possible when the unit is completely damaged by the unit or its subunits continue to
fail. Table 1 and Figure 2 above demonstration that as the rate of failure increases and the rate of repair decreases, the duration of
the busy period expands. A logical set of assumptions or assertions put forth in an attempt to explain a phenomenon is what is
known as a theory. A viewpoint, presumption, frame of reference, vision, or perspective is called an idea. Table 2 shows that the
EFNIR grows with increasing failure rates and falls with increasing repair rates. The monetary device and the commercial
member of the family device aren't necessarily synonymous; in certain aspects, they overlap, and in other others, they have
different applications. The graph 3 indicates that as the failure rates increase, expected number of server visits rises, and as repair
rates increase, EFNIR reduces. It was determined in table 3 and figure 4 that the repairmen should be effective in fixing unit first
in order to diminish the busy time aimed at the server. So for this the system must be accessible, but functional process and
working system reduce their capacity, performance and reliability, when the subunits/units of systems fail and sometimes they do
not benefit from timely maintenance or temporary maintenance and in some cases Repair is only possible when the unit is
completely damaged by the unit or its subunits continue to fail. According to Figure 4 and Table 5, number of calls from the
server would be reserved to a minimum while moving in segments as of top to bottom. From Figure 5 and Table 6, we appreciate
that the optimal value of the busy period is 1.13, which recommends that the disappointment rate of unit is highest. After table 6,
it is determined that estimation of to rise at a quicker rate on expanding the disappointment rate of sub-unit rise, the same pattern
is appreciated in Figure 7.
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