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Abstract

This paper discusses the use of RPGT for reliability analysis of three unit systems, a case study of the
yarn industry. Because units A, B, and D all comprise equivalent subcomponents, the organization can
exertion with less aptitude when individual additional unit fails. On the other hand, when two units are in
a concentrated condition, the structure is not profitable to operate, so it is deemed to subsist in a
unsuccessful state. The rates of failure and repair are different for all three units. One server is accessible
around-the-clock to promptly restore the malfunctioning units. The constant disappointment/repair rates
of units are used to model the issue. To examine the effects of dissatisfaction and overhaul rates on
organizational standards, specific situations must be observed. After strained tables, there are talks and
conclusions.
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1. Introduction

The Abohor and Fazilka Districts in Punjab, Malwa area, are globally renowned for their
cotton production because of their fertile soil and water availability due to weather and
geography. The majority of the high-quality cotton produced in the area is shipped to other
regions of India and outside due to its abundance, but a significant amount is still left over and
used sparingly as a raw material for the yarn industry. To extract cotton seeds from raw cotton,
row cotton is processed in cotton mills. Bales of cotton are then shipped to different regions
for marking. The Malwa region has a number of yarn industries because it is profitable for a
small number of cotton farmers, self-employment, and job satisfaction for the local population.
This is because transporting bales of cotton to other locations is more expensive, time-
consuming, and involves labor costs. This paper discusses machine learning-based
dependability analysis of three unit systems (a case study of the textile industry). Because units
A, B, and D all include equivalent subcomponents, the organization can effort with less facility
when lone additional unit fails. Finding elements CO involves considering a number of
assumptions, probabilities, and an aggregated transition representation of the system. System
parameter expressions are derived. The bread plant and the edible petroleum treatment facility
plant were the main subjects of Kumar et al. (2018) ! investigation. The reliability,
accessibility, and maintainability study, as mentioned by Komal (2009) [, provides a specific
plan to remove assembly change, if any is necessary to achieve superior of the complicated
mechanical systems. Benefit scrutiny of agricultural reaper plants in a continuous state via
RPGT be discuss by Kumari (2021) . In order to address steadfast quality stochastic
enhancement problems in series architecture with span bit, Bhunia (2010) [ suggested GA.
Stochastic steady quality reformation in beam of probability imperative in the succession
scaffold was addressed in the review. The urea manure sector was analyzed by Kumar et al.
(2017) 1 using system parameters, and the main objective of the article by Kumar (2019) ™ is
to examine the washing aspect in paper businesses that spend RPG. T. The steam assembly of
a coal-fired updraft influence climber is optimized via Malik (2022) Bl. Following the drawing
of tables and graphs, conclusions are reached. Jieong (2009) @I used a half-and-half approach
identified as GA to address multi-objective reformation problems.
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Anchal (2021) ! looked at SRGM classic using the variance qoz=w, e Wit

condition that has been planned, which has two category of

shortages: easy and difficult, depending on the time period in Cumulative PDF within affecting commencing state ‘i’ to
which they occur due to disengagement and dismissal after state j’ in attractive LT of on top of function in favor of
their thankfulness has been expressed. Tables and graph stay never-ending time interval is specified as in

drawn which is follow by conclusions.

2. Assumptions and Notations

e Single repairman whose availability is 24x7 and another
server is called on need basis.

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 and symbolizations the transition diagram of the
structure is drawn as under in Figure 1.

Fig 1: Transition Diagram
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i=1,3,6

Pre=1
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5. Mean Sojourn Transition rate (Ri(t))
R(Ot): e~z + 25+ A1)t

R(lt): e~z +25 + 25 + wi)t

R gt): e—Wzt

R(3t): e~ W3 + 24 + 21 +2g)t

R Z(;5): e~Wat

Rs(t): e~wst

R(ﬁt): e~z + 25 +21 +ws) ¢

R(-;): e~W1 t

R g—'): e_WGt

R gt): e~wit

6. Mean Sojourn Time (Wi=Ri*(0))
Ho=21/(hs+ As+ A1)
Mi= _’]_/(}\,2+ As+ A3+ W1)
H2= 1/ wo

M= (Ws+ A+ A5+ A2)
Ha= 1/W4

Us= 1/ws

Me=1/(he+ Ag+ As+ Ws)
H7= 1/W1

Hs= 1/W6

Ho= 1w,

7. Transition Probability

Now path probability of the system from the base position of

system are given as
Voo =1 (Verified)

V0,1:(kl/X5+7u2+7u3+W1)/(7u1+7u5+7u3)(7\.5+7\.3+W1)

VO, = k17\.2/(7u 1+ A5+ A 3)(7» s+Az+WwW 1)
Vo 3= ....... Continuous
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8. Methodology and Discussions
MTSF (To): The states to which the structure can transportation from preliminary state ‘0°, previously joining losing state stand:
=0,1,3,6 attractive early state ‘Z” = ‘0.

Hm1¢§ 1 Vm1m1 nmz:z 1 vamz}

sr(sff) sr(st
MTSF (To))=|2isr i =— 1" ‘ I — Xsr >} (1)

To= (Voopot{(A /A s+ A2+ A3+ Wi)/(A 1+ A5+ Ag)(hs+Wopua} + { Aa(h 1+ st A5+ W 3)?
/(7\ 1+As+wW 3) (7»1+ A3+ A 5){(7»37\ 5+W 3+7\52+ AsWa+WiWz+ A1+ s+t A 5)

I(W 3+ A4+ A 5)(Aa+ & s+ Wo)(A 5+ Wa)} s} +{ As(Aathetha+tWs)?/(AitAst Aa)

(X5+ A3 +w 5) +7n37\,5)(7\, sthgt A1 +W5)/(7\, 5+ A 3twW 1)(7\ A5+ A 3)

(W3+7u5+7\.4) ()\.6}\.1+}\.6W5+W3)\.3+W5)\41+W52)+}\,1}\.5()\,3+)\.6+}\.1+W5) 2/ ()M1+}\.5+}L3)(7M5+}M3+W1)
(7»57\.3+7\.5W5+W57u3+W57u1+W52)+}\,17»37\.5(W3+7\.1+7\.5+7L4)(7\.3+7L5+}\,1+W5)2/ (7\. 1+As +)\.3)

(W 3+ X5+ L 2)(Ws+ A1+ As)(AaWsthehatAeWs+Wsha+Wsha+Ws2+Waks)Le) }
/(1-po,1P1,0-Po.6Po,6-Po.3P3,0)

Availability of System: The re-forming states at which structure is presented be ‘j° = 0,1,3,6 and re-forming states be situated ‘i’
=0 to 9 attractive ‘€’ = ‘0’ the accessibility in favor of which structure is obtainable is specified by

pr& MW = 5. {pr&~ni
[Z] . {nmla‘ﬁ{l Vm1m1 }] . [ZLS.— {nmz¢§{1_vﬂlzm}}] (2)
— . 1
AO - [Z} Vf,] ’f}tﬂj] - [Zl Vf,i !f}" l’ll]
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(X5+7\, 3+Ws) +A3 7\5(7\ 5+ Aot At w 1)(7\, 3+h gtA W 5)/ (7» s\ 3+W 1)(7\, 1+ 5HA 3)
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(W3+7u1+7\.5) ()\.3W5+}\,6)\.1+}\.6W5+W5)\43+W5)\41+W52+W3)\.3) us}/ k

Where,

k=(Voopot{(XA /A5t kot AatW1)/(A1+hs+tA3)(As+ As+W )i}
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A 3+\ gtW 5) (7\.34‘7\.1+W5)+}\,17\,5(7us+7\.1+W3)(7\.3+7ul+W5)/ ()\.1+7us+7u3)(7\,5+l3+W1)
()\.6}L3+)\.6W5+W5}\43+W5)\,1+W52)+)\.3}\.5)\41(W3+}\4 1A 5+7\.4)/ (W3+7\,5+)\, 1A 5)/ (X 1A 5+}u3)

(W 3t HA 5)(W 3t s+A 4)()\.57\.1+7\.5W5+W57u3+W57\,1+W52)+7\.127L37\.5(W3+7\.5+7\,1+7\.5)/ ()\, 1A 5+)\.3)
(A stAzth 3+W 1)(As A 3+W 1)(WatAs)(AeA+AeWs+WshaHWsha+Wsha+Ws?) s}
+{}\.57\,5(7\.3+7\,5+7\,1+W5)2/ (MthstA 3)(A 6tA 1+W 5)(A 3L 61W 5) (A 3+A 1+W 5)
(7\.67\.1+7\.6W5+W57u1+}\.3W5+W52)+)u1}\.57\.6()u3+7\.6+}\.1+W5)/ (A 1tA 5L 3)(A 5t 3+W 1)
(7\,6}\.3+W5>\.3+W57\41+}\46W5+W52)+}\/17\43}\.57\46(W3+7\46+7\4 1+A 5)/ (7\. 5+A 3+W 1) (W 3t+A 5)

(A 1) 5+A3)(AaWs+heA1theWs+Wsh1 +Wsh1+Ws?) g} +{ Aaha (WatAatAs+Aa)/(Ar+As+Ws) o)

Busy Period of the Server: States where attendant is busy used for exploit a number of job are ‘i’ =1 to 9, attractive ‘€’ = “0’,
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+{ K57\.1(7\.3+7\.6+7\.1+W5)2/ (7u1+7u5+7u3)(7x A 1+W 5)(% 3tAh gtW 5)
FAaAs(As A+ Wa)(Aa A1 +Ws )/ (A+AstAs) (As+As+ W1 ) (AehatAeWs+WsAa+HWshg +Ws2)
+)\137\457\/]_(W3+7\/ 1A 5+7\,4)/ (W 3tAetA 1+ A 5)/ (7»1+7u 5+A 3)(W3+7u1+ A 5)(W 3+A5+A 4)
(A6ATAeWs+Wsha+Wsh +Ws?)+A12hahs(WatAetAa+As) /(A 1+ A s +A 3)(A 5 +A 2 +A 3 +W 1)
(A 5t Az+W1)(W 3t & 5)(AeA1theWs+Wsha+WsAi+Wsha+Ws?) iy} +{Ashe(athetAi+Ws)?

/ (7\, 1+As+A 3)(W 3+ As+A 4)(7\.67»1+7\.6W5+W57\,1+7\,3W5+W52)+7\.17\,57\,5(7»3+7\,6+7n1+W5)/
(A +As+A3)(As+As+Wi)(AeAa+Wsha+WshatheWs+Ws?)+Aikshshe(WathgtA 1 +A 5)

/(7» 5+A 3 +W 1)(7\, 3Ws+AeA 1+7\,5W5+W57\,1+W57\,1+W52) |Jg}|.19)}]/k = (1-},Lolk)

Expected fraction Number of Inspections by the 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

Vo= z:]',sr{ {orl&” 1)) }] IZlSr{ {pr&5 Dt }l [21 Vf]] [Zl Vf,i"uil] Q)

1 Vi— 1 v
1;:2 k1k1 2==E kzkz}

Vo= {(K YAs+Ao+Az+w 1)/ (K 5+W 3)} }+{ 7»5(7\6+W5)2/(7\.(7\.5+7u1+W5) (7»6+7\.3+W5) (7\.3+7u1+W5)
A 3k s(h 5HA 2 3HW 1)(A 3+ 6HA 1+W 5)/(A 5+h 3+W 1)(A 1+ sHA 3)(WatAstAs)
(AeA+heWs+Waka+WsAhs+Ws?) A1 As(Aa+AetAa+Ws) 2/ (A +AstAs)(As+ha+Wi)
(AshatAeWs+Wsha+Wshi+Ws?)+haAsks(WatAr+Astha)(AatAetAa+Ws)?/ (A 1A 512 3)

(A s+ ra+ W)W 3+l s+ 4)(W s+ & 1+ A 5)(AaWs+AehitAeWs+Wsha+Wsha +Ws>+Waks) K

8.1 Particular Cases
Specific Cases: wi(1<i<6)=w;4i(1<i<6)=2A

Mean Time to System Failure (MTSF) (To)

Table 1: MTSF
To w = 0.50 w =0.60 w=0.70
A=0.10 14.42 14.23 14.04
A=0.20 11.23 11.09 10.98
A=0.30 9.85 9.72 9.59
16

12 \\\"7
ro
10 L ——w =0.50

8 = w = 0.60
6
w=0.70
4
2
0 T 1
A=0.10 =020 A=030
Fig 2: MTSF
Availability of the System (AOS) (Ao)
24 -
23
22 = =#=w=0.50
21 =fi=w =0.60
w =0.70
20
19 | | 1
A=0.10 A=0.20 A=0.30
Fig 3: AOS
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Table 2: AOS
Ao w = 0.50 w = 0.60 w =0.70
A=0.10 23.56 23.66 23.76
A=0.20 22.12 22.31 22.50
A=0.30 21.08 21.28 21.49

Sensitivity Analysis: Also, the upstairs subsequent paragraphs depict dual sensitivity analysis set-ups and consistent
consequences in tabular and graphical procedures examined.

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

Table 3: MTSF
Wi W1 W2 W3 W4 W5 We
0.60 7.49 7.49 7.49 7.49 7.49 7.49
0.65 7.49 7.49 7.49 7.49 7.49 7.49
0.70 7.49 7.49 7.49 7.49 7.49 7.49
0.75 7.49 7.49 7.49 7.49 7.49 7.49
0.80 7.49 7.49 7.49 7.49 7.49 7.49
0.85 7.49 7.49 7.49 7.49 7.49 7.49
8
; [ i i i i |
—=—w1
6
5 ==w2
4 =3
2
== /5
1
T T T T T 1
0.6 0.65 0.7 0.75 0.8 0.85
Fig 4: Mean Time to System Failure
Table 4: AOS
Wi W1 W2 W3 W4 Ws We
0.60 0.536 0.532 0.528 0.524 0.520 0.516
0.65 0.540 0.536 0.532 0.528 0.524 0.520
0.70 0.544 0.540 0.536 0.532 0.528 0.524
0.75 0.548 0.544 0.540 0.536 0.532 0.528
0.80 0.552 0.548 0.544 0.540 0.536 0.532
0.85 0.556 0.552 0.548 0.544 0.540 0.536
—f—w1
== w2
=W 3
e\ 4
il W 5
0.5
0.49 : . . ‘ : , —O=wb
0.6 0.65 0.7 0.75 0.8 0.85
Fig 5: AOS

Scenario 2: Currently one reflects sensitivity analysis scenario 2 for vagaries in disappointment rates: enchanting repair rates w; =
0.85 (1 <1< 6) and erraticAi(1 <1< 6) one by one respectively at 0.10, 0.15, 0.20, 0.25, 0.30, 0.35.
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Table 5: MTSF
Ai M A2 A3 v A5 M
0.10 3.96 3.97 3.98 3.99 4,00 4,01
0.15 3.95 3.96 3.97 3.98 3.99 4,00
0.20 3.94 3.95 3.96 3.97 3.98 3.99
0.25 3.93 3.94 3.95 3.96 3.97 3.98
0.30 3.92 3.93 3.94 3.95 3.96 3.97
0.35 391 3.92 3.93 3.94 3.95 3.96
4.05 =M
==\2
=== \3
== \4
== A5
3.85 T T | | 1
0.1 0.15 0.2 0.25 03 0.35 916
Fig 6: MTSF
Table 6: AOS
Ai M A2 A3 M As A6
0.10 6.34 6.43 6.51 6.58 6.66 6.73
0.15 6.25 6.34 6.45 6.52 6.57 6.66
0.20 6.17 6.24 6.34 6.46 6.49 6.58
0.25 6.08 6.20 6.26 6.34 6.42 6.47
0.30 5.98 6.11 6.18 6.23 6.34 6.41
0.35 5.90 6.01 6.10 6.16 6.27 6.34
7
=f=\1
=i-\2
=== \3
e \ 4
55
= \5
5 T T T T T 1
0.1 0.15 0.2 0.25 0.3 0.35 16
Fig 7: AOS

9. Conclusions

Table 1 and Figure 2 illustrate the relationship between MTSF
and the unit's repair rate for various failure rates. It is possible
to deduce from the preceding table that MTSF increases with
overhaul rates but decreases with letdown rates. As expected,
Table 2 shows that convenience rises with increasing overhaul
rates and decreases with increasing disappointment rates.
Additionally, Figure 3 suggests that availability values
provide an approximated trend that aims to address different
failure rate principles by showing an increase in availability in
tandem with a rise in the value of the repair rate. Table 3 and
Figure 4 demonstrate that the MTSF does not change by
changes in the repair rates for various units. Table 4 and
Figure 5 conclude that the value of system availability is not
greatly increased by higher repair rates. Table 5 and Fig. 6
demonstrate that the MTSF does not change by changes in the
repair rates for various units. Table 6 and Fig. 7 conclude that

~12~

the value of system availability is not greatly increased by
higher repair rates. We arrive at a conclusion that Preventive
Maintenance plays a vital role in optimization of performance
of system.
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