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Abstract

In this paper system parameters of a Non-Markovian repairable systems with warm standby system
with priority in repair to failed units under steady state are modeled using machine learning. A single
server is available 24x7 and carries out all type of repairs inn the system. Failed unit after repair is
supposed to be as if new. Various disappointment/repair rates of elements stand occupied as
exponential and statistically independent.
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Introduction

Studies on redundant systems are gaining importance day by day due to fact that several
researchers in reliability and operation research have contributed a lot on the study of
redundant systems to improve the system effectiveness to optimize system parametric values
of different types of systems with different repair policies. These systems have broad range
of applications in real world especially in industries. The objective of this paper is to study
the organization reliability done redundant section and additional preventive maintenance of
working and standby units. Main units of the system have two modes viz., operable, and
abortive and standby unit of the structure has three modes viz. practicable, degraded and
failed. Following a failure, both units undergo inspections to determine the nature of failure
and choose the appropriate course of action for repair. There are exponential and generic
time distributions for the failure and repair times, respectively. In order to determine the
system's dependability, availability, downtime, busy period, and cost efficiency, Laplace
transformation and RPGT are used in the study. Finally, a few systemic exceptional instances
have been covered. A unit or system is made up of several parts, and we need to utilize
dependable parts in order to provide the system a high level of reliability. In certain cases,
building extremely dependable components is either not feasible or too expensive. In these
cases, integrating redundant parts and offering maintenance and repair when necessary might
lead to a higher degree of reliability. Redundancy also contributes significantly to increased
system reliability. Standby redundancy is one of the most widely used types of redundancy.
Standby systems are frequently used in a variety of industrial and other settings. Some extra
paths are made in a redundant system to ensure the system runs correctly. Parallel
redundancy occurs when all of the redundant components begin operating simultaneously.
Using the Markov Process approach, a transition state diagram system has been created
where it might remain. When a failure occurs, the standby unit is switched in and the
malfunctioning unit is switched out by a single, always-available repairman. The repairman
is expected to be on call around-the-clock. The failed unit on repair is supposed to be as good
as if a new one. If the server is repairing a down unit and a one more unit fails in the
meantime, then it joins end of the queue of the failed units. Additionally, a general non-
Markovian system with two primary units and two redundant units-units designated as A and
B primary units and C and D redundant units-whose working capacities are less than those of
the primary units-is modelled for the system parameters in this paper using RPGT,
accounting for the exponential failure and repair rates of the units. Using the Markov Process
approach, a transition state diagram system has been created where it might remain. Kumar
et al. [2018] discussed the behavior investigation of a bread plant exhausting RPGT.
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In order to do a sensitivity analysis on a standby framework
made up of dual identical units with server disappointment
and ordered for preventative upkeep, Kumar et al. [2019] [
used RPGT. Two halves make up the current paper, one of
which is in use and the other of which is in cold standby
mode. The good and fully failed modes are the only
differences between online and cold standby equipment. A
case study of an EAEP manufacturing facility was examined
by Rajbala et al. [2019] ™ in their work on system modeling
and analysis in [2019]. A study of the urea fertilizer
industry's behavior was conducted by Kumar et al. [2017]
1 Mathematical formulation and profit function of a
comestible oil refinery facility were investigated by Kumar
etal. in [2017] L. In a paper mill washing unit, Kumar et al.
[2019] investigated scientific formulation and performance
study. In their study, Kumar et al. [2018] investigated a 3:4:
outstanding system plant's sensitivity analysis. Using a
heuristic methodology, Rajbala et al. [2022] B! investigated
the RAP in the cylinder plant.

Notations & Assumptions

To discuss the system following notations
assumptions are taken:-

The system has four units out of which two units are
operating and the rest are in cold standby mode.

The system fails if there are more than two failed units.

O: Working State
O: Reduced State

I:l: Failed State

Bi constant repair rates of units
a; constant failure rates of units

and

System transition state diagram

Accounting the above expectations & notations in study,
Transition State Diagram of system using Markov Process is
given in Figure 1.
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Fig 1: System Transition State Diagram

States: SO[AB(D)(E), S1[aBDE)], S2[AbD(E), S3[abDE],
S4[AbdE], S5[abdE], S6[Abde]

Model Description

The system consists of four units: units D and E are in cold
standby while units A and B, which are primary units,
operate at maximum capacity when they are first online.
When one or both standby units are brought online in the
event that units A or B fail, the system operates at a reduced
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capacity because units D and E have a lower operating
capacity than units A and B. Perfect switching exists.

The online units whenever fail, the repair priority order is A
> B > D > E. Once the online unit "A" fails at a transition
rate of as, the system will switch to the standby unit "D" and
begin the repair of unit "A." This will bring the system back
to the initial state So, but it will also enter a reduced working
state (where unit "A" repair begins right away, while unit
"E" is in cold standby). Once unit "A" is repaired at a
transition rate of 1 by the repairman, the system will return
to the full capacity working state So. In a similar vein, in
state Sy, unit "E" is in cold standby and failed unit "B" is
promptly repaired by the repairman after the unit fails at
transition rate ap. The failed unit is replaced by a perfect
switching device and switched in the standby unit "D." If
one additional working unit fails from the states S; or Sy, the
system joins the reduced working state Sz or S4, from which
it returns to the states S; or S, once the failed unit has been
repaired. If one more working unit fails, the system moves
from the state Sz or S4, where failed units are being repaired,
to the corresponding state Ss or Se. After the failing unit is
repaired, the system returns to either Sz or S4 depending on
the state of the repaired unit. Previously, it was in either Ss,
or Se. The system's potential states are depicted in figure 1
above.

Transition Probabilities g;j(t)
qo.(t) = cwe—( azsa2) t
qo.2(t) = aoe—( azsa2) t
ql,s(t) = aze—(az) t

q2,3(t) = ale—(a1 +asz) t
q2,4(t) = a3e—(al +as) t
q3.1(t) = Pae—(B2 +frtas)t
q3,2(t) = fre—(B2 +P1tas) t
qa.5(t) = aze—(B2 +f1t+as) t
qa,2(t) = Bse—(Bs tartas) t
qas(t) = are—(Bs +ar +aa) ¢
qa6(t) = ase—(Bs +ar +aa) ¢
gs,3(t) = Bse—(Bs+P1) t
gs.4(t) = Bre—(Bs +p1) t
qe,4= Bhe—L4t

Pij = g%i;(0)

po1=1

po2=1

p13=1

p2,3= o1/(artag)

p2.4= o3/(oatos)

p3.1= B2/ (BatPrtas)

p32= Br/(B2+P1tas)

p3s5= 03/(BotPitas)

p42= PBs/(P3tostos)

pas= a1/(Pstoatos)

p4.6= 04/(Pstostas)

ps,3= Pa/(BstP1)

ps.4= P1/(Bs+P1)

Pes=1

Mean Sojourn Times Ri(t)
Ro(t)=e—(ai+ar) t
Ri(t)=e—(a2) t

Ra(t) = e—(a1 +a3) t

R3(t)= e~(B2 +f1tas) t
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Ra(t)= e—(B3 +a1 +aq) t

Rs(t)= e—(Bs +p1) ¢t

Re(t): 67B4 t

Hi=Ri*(0)

Mo = 1/( (12+(12)

M1 = 1/(02)

H2 = 1/((11+(l3)

HMs = 1/(Bz+Brtas) Ma = 1/(Bstoatas) Ps = 1/(BstPa)
Ms = 1/B4

Evaluation of Parameters
Using RPGT and ‘0’ as initial state and base state ‘€ =4’ the
transition path probabilities of working system are obtained
Va41=(4,5,3,1)/{(1-(1,3,1))/(1-(3,5,3))/(1-(5,4,5))/(1-
4,6,4)H(1-(3,1,3))(1-(3,5,3))/(1-(5,4,5))/(1-4,6,4) H(1-
(4,6,4))(1-(4,5,4)/(1-(5,3,5)/(1-(3,2,3)(1-(3,1,3))) H{(2-
(5,3,5))/(1-(3,2,3))(1-(2,4,2))/(1-(4,6,4))(1-
(3,1,3))+(4,2,3,1)/{(1-(1,3,1))/(1-(3,5,3))/(1-(5,4,5))/(1-
416!4))}{(1'(31113))(1_(3’5’3))/(1'(51415))/(1'4!614))}{(1'
(4,6,4))(1-(4,5,4)/(1-(5,3,5)/(1-(3,2,3)(1-(3,1,3)))}
Va2 = (4,5,3,2)/1-(3,1,3))(1-(3,5,3))/(1-(5,4,5))/(1-4,6,4))(1-
(4,2,4)H((1-(4,6,4))(1-(4,5,4)/(1-(5,3,5)/(1-(3,2,3)(1-
(31173)))}{(1-(57315))/(1-(37213))(1'(21412))/(1'(41614))(1'
(3,1,3)H(1-(2,4,2)/(1-(4,6,4))(1-(4,5,4)/(1-(5,3,5))/(1-
(3,1,3))}+(4,2)[{(1-(2,4,2)/(1-(4,6,4))(1-(4,5,4))/(1-
(5,3,5))/(1-(3,1,3)) H{(1-(4,6,4))(1-(4,5,4)/(1-(5,3,5)/(1-
(31273)(1'(31113)))}

....... continuous
Results and Discussions
MTSF (To): The un-failed states to which classification
transits, before visiting any failed state are: 0 <j < 4, ‘&=

‘0’, we have
) g [
“mz:z{l"’m}
@

MTSF = isry ——F———~
lZle’ {Hmlg{{l_vmlm}

To = (Vo,1M1+Vo 22+ Vo sHs +VosHs)

Availability of System (Ao): The states are where system is
available are 0 < j <4 taking base state ‘€’ = ‘4’ is available

(pr&* " Diju

A [E"’“{“mug{l"m}}] . [Zi’Sr {“{pf{lz’fl—}}] @)
Ao=[Xi Ve, fiow] + [Xi Ve, fi, 1]
= (Voo Vi, 11ty 7V o1+ V sy V. 40,)/D
Where D = (Vaopot Vet VaapatVasps TVaaat Vo spstVaspie)
Busy Period of Server (Bo): The states where server is busy

for maintenance are S; where 1 <i <6, taking & = 4°, time in
which server remains busy is

{pr&* "}

— |y @@ |||y ) er@TOn
B0 [Z],Sr {nm1¢2{1_vm1m1}}] . [ZLSY {l‘l

o
Bo = (Va,1H1+Va2M2+Va sl +Vaala+Va sUs+Va6l6)/ D
Where D = (Vaopo+Vaip1+Va 2lo+Va a3 +Vaala+Vasps+Vasle)

mz::E{l_VmZmz

~gp~
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Expected fractional number of inspections by the repair
man: The states where the repairman do visit’s a fresh are
S1, Sp taking ‘&’= ‘4’ number of repair man’s visit

{or@& . {pr(&5 i)n
Zj,sr . Zi,sr
“kmz{l"’m} “kz:z{l"’%}

= (VaoMot Vo, 1pi+tVao oo+ Vospst Vaosps) (V2otVao1+Vo ot
V23+V24+V25)
Vo = (Va,1M1+Va2112)/D

Vo= 4)

Where D =
(VaoMot Va1tV oo+ Ve 3z +VaalatVa sps+Vasis)

Machine Learning Algorithms

The first step in performing sensitivity analysis is to identify
the variables that are likely to have the greatest impact on
the performance of the system. In this case, the variables
may include the time it takes for the Non-Markovian
Repairable Systems, the probability of the switch-over
device failing, and the time it takes for the stand-by unit to
become fully operational. Once these variables have been
identified, machine learning algorithms can be used to
analyze the relationships between them and the overall
performance of the system. One approach would be to use
regression analysis to determine how changes in each
variable impact the overall reliability and efficiency of the
system. Another approach would be to use machine learning
algorithms to simulate the performance of the system under
different conditions. This would involve creating a model of
the system that considers the variables identified earlier and
using the model to predict how the system would perform
under different scenarios. The model could be trained using
historical data to ensure that it accurately reflects the
behaviour of the system in real-world conditions. Overall,
machine learning algorithms can be a powerful tool for
performing sensitivity analysis on complex systems like a
three unit stand-by system with an imperfect switch-over
device. By using these algorithms, it is possible to identify
the variables that have the greatest impact on the system'’s
performance and develop strategies to improve reliability
and efficiency.

Model Evaluation

Sensitivity analysis is a method used to identify how
changes in the input parameters of a system affect its output.
In the case of a four unit standby system can be modeled
and evaluated to identify the key strictures and their impact
on the organization's performance.

To evaluate the implementation of our model performance,
we have estimated different execution evaluation confusion
matrix (Recall, Accuracy Precision, and F1-Measure). The
evaluation of the model phase proposes to evaluate the
generalization precision accuracy of the design model on an
unseen, i.e., test dataset. Here we calculated this accuracy by
applying the precision (Availability of the System),
accuracy (The Medium-Term Strategic Framework
(MTSF)), Recall (Busy Period), f score function, that are
imported from the metrics module available into the Scikit-
learn Python library that depends on the following formula.
To perform a sensitivity analysis, one would typically vary
each input parameter of the system, one at a time, while
keeping all other parameters constant. Then, the output of
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the system is observed to see how it changes in response to
the variation in each input parameter. In the case of a single
unit warm standby system with an imperfect switch-over
maneuver, some of the key parameters that might be varied
in a sensitivity analysis could include:

The reliability of the main unit: This represents the
probability that the main unit will function properly
when it is needed. If the reliability of the main unit is
low, then the system may be more reliant on the switch-
over device to function properly, which could have
implications for the system's overall performance.

The reliability of the switch-over device: This
represents the likelihood that the switch-over device
determinations function correctly when it is needed. If
the reliability of the switch-over device is low, then the
system may not function properly when the main unit
fails, which could lead to downtime or other negative
consequences.

The period it takes for the switch-over device to
activate: This represents the period it takings for the
switch-over device to detect that the main unit has
failed and to switch over to the standby unit. If this time
is too long, then the system may experience downtime
or other negative consequences.

The availability of spare parts for the switch-over
device: If spare parts for the switch-over device are not
readily available, then it may be difficult to repair or
replace the device if it fails, which could have
implications for the system's overall reliability.

The cost of the switch-over device: If the switch-over
device is expensive, then it may be cost-prohibitive to
implement, which could affect the overall feasibility of
the system.

By varying these and other key parameters one at a time and
observing how the output of the system changes in response,
it is possible to identify which parameters remain most

https://www.allresearchjournal.com

critical to the organization's performance and to determine
the optimal values for each parameter.

Results and Discussion

In contrast, the disappointment rate of the standby unit may
have less impact on system availability because the standby
unit is not in use until the primary unit bombs. The repair
time for each unit may also have less impact because the
system is designed to be in a warm standby configuration,
meaning that the units are already partially operational and
can quickly be brought up to full capacity. Results of
sensitivity analysis for this system may indicate that the
disappointment rate of the primary unit has the greatest
impact on arrangement availability. This is because the
primary unit is the active unit and is responsible for
providing service. If it fails, the standby unit must take over,
and the imperfect switch-over device introduces additional
delay and uncertainty. In contrast, the disappointment rate of
the standby unit may have less impact on system availability
because the standby unit is not in use until the primary unit
fails. The repair time for each unit may also have less
impact because the system is designed to be in a warm
standby configuration, meaning that the units are already
partially operational and can quickly be brought up to full
capacity. The switch-over time for the imperfect device may
have a significant impact on system availability because it
introduces additional delay and uncertainty into the system
of parameter in Table 1. A longer switch-over time may
result in a lower system availability, as there is a greater
chance that the system will not be operational when it is
needed in performance of model in Table 4as follow and
comparison of model in Figure 2, 3, 4, and 5.

Table 1: Table of parameter

W (W1, W2,---- wn)IA(A1, A2, ... .... An)|S (S, S2,----, Sn)
(0-.100) (0-.100) (0-100)

(0-.68)

Table 2: Table of Performance of Model

Model Accuracy (MTSF) |F1 Score| Recall (Busy Period) | Precision (Availability)
Linear SVC Classifier (LC) 0.934 0.952 0.931 0.963
Logistic Regression (LR) 0.922 0.933 0.938 0.957
Decision Tree Classifier (DT) 0.911 0.925 0.929 0.930
AdaBoost Classifier(AC) 0.901 0.946 0.921 0.985
Multinomial NB (MN) 0.869 0.923 0.987 0.903
k-nearest neighbors (k-NN) 0.833 0.851 0.853 0.859

Compare the MTSF of diffrent model

80

60

MTSF

40

20

LC LR DT AC MN k-NMN

Model

Fig 2: Compare of the MTSF of different Model.

~g3~


https://www.allresearchjournal.com/

International Journal of Applied Research

https://www.allresearchjournal.com

Corgpare the Expected Number of Inspections by the repair man of diffrent model
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o
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&
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o
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Expected Number of Inspections by the repair

LcC LR DT AC MM k-NN

Model

Fig 3: Comapre the expcted number of inspection by the repair man of different model.

Compare Availability of the System of diffrent model

100 A

| = 80
X
&

2 60 -
s
=

= 40
=
<

=< 20

o -

LC LR DT AC MN k-NN
Model
Fig 4: Compare Availability of system of different model.
Compare the Busy Period of diffrent model

100 -

80
=

2 60 A
&
y

& 40 -

20

o

LC LR DT AC MN k-NN
rModel
Fig 5: Compare of the busy period of different model.
Conclusion well as the quality of the final product. The switch-over time

In contrast, the letdown rate of the standby unit may have
less impact on system availability because the standby unit
is not in use until the primary unit nosedives. The repair
time for each unit may also have less impact because the
system is designed to be in a warm standby configuration,
meaning that the units are already partially operational and
can quickly be brought up to full capacity. This can help to
improve the efficiency and profitability of the industry, as

~g4~

for the imperfect device may have a significant impact on
system availability because it introduces additional delay
and uncertainty into the system of parameter in Table 2. A
longer switch-over time may result in a lower system
availability, as there is a greater chance that the system will
not be operational when it is needed in performance of
model in Table 4 as follow and comparison of model in
Figure 2, 3, 4, and 5.
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