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Abstract: Human error or error is one of the factors leading to the breakdown of production equipment. Human
error caused by human operators has led to disruptions in the production process, output, product quality, production
loss, lower revenue generation and high maintenance costs. To avoid the risk of system downtime, the present paper
introduce the use of repair machines as a medium of repair there is need to replace human work in terms of system
maintenance particularly partial failure. The present paper focus on the performance evaluation of an active dissimilar
parallel system attended by two repair machines set aside to handle unit failure. At failure of a unit, the repair machines
will engage in the repair of the failed unit. The system of linear differential difference equation is analyzed to obtained
expressions of reliability measures of determining the strength of system such as availability, mean time to failure
(MTTF) and profit function. Numerical examples such as surface plots and sensitivity analysis are presented to illustrate
the obtained results and to analyze the effect of various system parameters. On the basis of numerical experiments, it
is observed that the system’s best availability, MTTF and profit results may be achieved on a regular basis when repair
machines are deployed.
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1. INTRODUCTION

In the analysis of system effectiveness, the system performance evaluation is of paramount importance. The strength
of the system can be determined by computing the corresponding measures such as reliability, availability, mean time
to failure, profit and benefit-cost analysis. Where adequate maintenance facilities such as regular inspection, online and
offline preventive maintenance to the system, introducing fault tolerant components in the system, invoking perfect
repair at system or unit failure, replacement of worn-out part, are put in place, the system performance will undoubtedly
attain its peak. This will pave way to high system reliability.

To achieve high system reliability and availability, the system must be maintained at the highest order. To achieve
this end, numerous researchers have designed different types of mathematical models to study and compare their
reliability, availability and mean time to failure.

Researchers such as; Aggarwal AK, Kumar, and Singh (2017) used RAMD analysis to model the efficiency of
serial processes in a sugar refinery system. Yusuf, Lado, Singh, Ali, and Sufi (2020) published a paper on performance
analysis of a multi computer system with three subsystems in seties and a Copula repair policy. Gahlot, Singh, Ayagi,
and Goel (2018) used Copula linguistics to evaluate the efficiency of repairable systems in series configurations under
various forms of failure and repair policies. Singh, Poonia, and Abdullahi (2020) investigated the performance analysis
of a complex repairable device with two subsystems in series and a defective imperfect switch. Chopra and Ram (2017)
have provided stochastic analysis of two non-identical unit parallel system incorporating waiting time. Sanusi, Yusuf, and
Mamuda (2020) evaluated the efficiency of an industrial that was designed as a series-parallel system. Ram and Kumar
(2015) have presented performability analysis of a system under 1-out-of-2: G scheme with perfect reworking. Abubakar
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and Singh (2019) have assessed the Performance of an industrial system using copula linguistic approach. Gulati, Singh,
and Rawal (2018) used Copula to measure the Performance of two unit’s redundant system under various failure and
repair policies. Singh and Singh (2015) have analyzed the performance of three-unit redundant system with switch and
human failure. Kumar, Barak, and Devi (2016) studied the performance analysis of a redundant system with Weibull
failure and repair laws. Lado, Singh, Kabiru, and Yusuf (2018) reported on the performance and cost of a repairable
complex system with two subsystems linked in sequence. Kakkar, Chitkara, and Bhatti (2016) investigated reliability
analysis of two dissimilar parallel unit repairable system with failure during preventive maintenance. Saini and Kumar
(2019) used RAMD analysis to investigate the performance of evaporation system in sugar industry. Pundir, Patawa,
and Gupta (2018) proposed a stochastic forecast for two non-identical unit parallel systems with a repair priority. Gulati,
Singh, Rawal, and Goel (2016) used copula linguistic approach to analyzed the performance of complex system in series
connection under different failure and repair policies. Malik and Tewari (2018) published a paper on the output modeling
and management of priorities decisions for a coal-fired thermal power plant’s water flow system. The Performance
measurement and management for maintenance: a literature review has been presented by Parida, Kumar, Galar, and
Stenstrom (2015). Kumar, Garg, and Tiwari (2014) provided a performance modeling and availability simulation of a
brewery malt mill system. Singh, Gulati, Rawal, and Goel (2016) have used Copula to analyzed the Performance of a
complex system connected in series under various forms of failure and repair discipline. Chauhan and Malik (2017)
used Weibull failure laws to evaluate the reliability and MTSF of a parallel system. Shim, Kim, and Lee (2017) addressed
the availability of a redundant system with two parallel active components under Markovian assumptions. Kakkar,
Chitkara, and Bhatti (2015) analyzed the reliability of two unit’s parallel repairable industrial system. Shim et al. (2017)
has studied availability of a redundant system with two parallel active components. Temraz (2019) presented a study on
availability and reliability of a parallel system under imperfect repair and replacement: analysis and cost optimization.

Researchers above have previously presented works that have been praised for their contributions to the analysis
of repairable complex systems by calculating the performance of a complex system under various failure and repair
discipline. Researchers above have presented their research work on some reliability measures of system strength and
effectiveness and proclaimed a better performance of the system. Little is known on reliability and performance evalu-
ation of systems attended by repair machines in which the partial failure is rectified by repair machines. Still reliability
analysis of system attended by two repair machines is required.

As a result, a structure for evaluating the performance of a two-unit active parallel system with repairable service
stations has been presented in this paper. It is also necessary to have enough information on failure and repair so as
to determine system availability, reliability, and calculate exact performance rates. The rest of this paper is organized as
follows: The notions used in the study are given in section 2. Section 3 captures the description of the system. The
model formulation and solution are presented in section 4. Section 5 gave the results analysis of the study and the paper
is concluded in section 6.

2. NOTATIONS

Table 1: Notation used

Notation Meaning
Si State of the system ¢ =0,1,2,...,7.

P(t) Probability row vector

Pi(t) Probability that the system is in state ¢ at time ¢ > 0
Ay (00) Steady-state availability

Py (c0) Profit function

ag/ay /s | Repair rate of unit A/unit B/repair machine

Bo/B1/B2 | Failure rate of unit A/unit B/repair machine

Br1/Brs | Busy period probability of repairman due to partial failure of units’ subsystem A/subsystem B

Bra/Brs | Busy period probability of repairman due to complete failure of unit A/unit B

Co Revenue generated

Cr1/Crs | Cost due repair of partial failure of unit A/unit B

Cr2/Cr4 | Cost due repair of complete failure of unit A/unit B
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3. SYSTEM DESCRIPTION

The system in this study is a parallel system consisting of two dissimilar units A and B in active parallel. Two repairable
machines are set aside to evoke repair at the failure of unit A or B or both.

It is assumed that units and repair machines fail independent of the other. Primary units (A and B) fail with
exponential failure time distribution with parameter Sy and 31 with exponential repair time with parameters o and
o respectively. System failute occur only whenever unit A and B have failed. On the other hand, repair machines are
systems themselves that are liable to failure. Each of the repair machine fail with exponential failure time distribution
and parameter B2, and exponential repair time with patameter .
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Figure 1: Transition diagram of the model

Table 2: State description of the system

State Description

So Initial state, unit A and B are working, service stations R,,1 and R0 ate idle. The system is operational.
S1 Unit A has failed and is attended by I, for repair, unit B is working, R, is idle. The system is operational.
So Unit B has failed and is attended by Ry,2, unit A is working, R, is idle. The system is operational.

S3 Unit A and B have failed and are attended by both R,,1 and R,;,2 for repairs. The system is down.

Sy Previously unit B has failed and is attended by R,,2, suddenly unit A has failed is attended by R,,,1 for
repair. The system is down.

Sx Previously unit A has failed and is attended by R,,1, suddenly unit B has failed is attended by R,,2 for
repair. The system is down.

Se Ry has failed on the process of repaiting unit A, unit B previously failed and is attended by R,,2 for repair.
The system is down.

S7 R 2 has failed on the process of repairing unit B, unit A previously failed and is attended by R, for repait.
The system is down.

4. FORMULATION OF RELIABILITY MODELS
To estimate the performance of the system, as well as the profit function, due to partial and complete failure. The proba-

bility of the system being within s; att > Oisdefineas p;(¢),7 = 0,1,2,3,...,7. Definep(t) = [p1(¢), p2(t), ..., p(t)]
at time ¢ to be the row vector of these probabilities. In this analysis, the initial condition is:

1 ,i=0
p”(o)_{o i=1,2.3,....7 M
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The difference-differential equations resulting from Figure 1 are given by:

4
dtpo
d

apl(t) = —(ao + B1 + B2)p1(t) + Bopo(t) + aops(t) + arps(t)

d

g (t) = —(a1 + Bo + B2)p2(t) + Bipo(t) + azps(t) + aops(t)

L)
dtp3
d

(t) = —200p3(t) 4 Bap1(t) + Bapa(t)

(t) = —(Bo + B1)po(t) + aopo(t) + crpz(t)

£P4(t) = —(ao + B2)pa(t) + Bop2(t) + caps(t)

d

b5 (t) = —(oq + B2)ps(t) + Bip1(t) + aapr(t)

d

apﬁ(t) = —aope(t) + Papa(t)

d

P (t) = —0opr(t) + Baps (1)

which are written in the following format

Po(t)
p1(t)
po(t)
p3(t)
Pa(t)
Py (1)
P (t)
p7(t)

—(Bo + B1) Qo aiy 0
Bo —(ao + B1 + B2) 0 oo
B1 0 —(a1 + Bo + B2) a2
0 B2 B2 —2a2
0 0 Bo 0
0 B 0 0
0 0 0 0
0 0 0 0

0 0
0 0
0 0
0 0
Qo 0
0 (D)
—aa 0
0 —ag

@

po(t)
p1(t)
p2(t)
p3(t)
pa(t)
ps(t)
pe(t)
pr(t)

Expressions for steady state availability, busy period of repairman due to partial failure and complete failure of unit A

and B and service stations are

In the steady state, the derivatives of states probabilities become zero and therefore (2) becomes

—(Bo + B1)
Bo
B1
0

oS © o o

ap
—(ao + B1 + B2)
0

a
0

—(a1 + Bo + B2)
B2
Bo
0
0
0

Using the following normalizing condition
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To compute the state probabilities p;(t) i = 0,1,2,...,7, (7) is substituted in the last of (6) to give

—(Bo + B1) ap ay 0 0 0 0 0 po(c0) 0
Bo —(ao + B1 + B2) 0 a2 0 a 0 0 p1(00) 0
B1 0 7(041 + Bo + ﬁg) (e %) [e7) 0 0 0 pQ(CXD) 0
0 Ba Ba —2as 0 0 0 0 p3(c0) 0
0 0 Bo 0 —(ao + B2) 0 [P 0 pa(00) - 0
0 B1 0 0 0 —(a1 + B2) 0 as ps5(00) 0
0 0 0 0 B2 0 —az 0 P6(00) 0
1 1 1 1 1 1 1 1 p7(c0) 1

The terms for the availability of the steady-state, busy period due to partial and complete failure of both units and their
service stations in (3) to (7) are presented in equation (9) after solving (8) with the MATLAB software tool to obtain
pi(t).

apaiag (o fe + 20100 + apf2)

po(OO): A0+A1+A2

(c0) = aparan (201 By + 182 + Bob2)
P Ag+ A1+ Ag
pa(o0) = a1z (2001 + B1f2 + Bof)

2 Ao + Al + AQ

(00) = apo Ba (a1 Bo + 20061 + S152 + BoP2)
p3 Ao+ A1+ Ay

(00) = ara2B0(2a081 + B1B2 + Bob2)
P4 Ao + Al + A2

(00) = o1 (201 B0 + 182 + Bofa)
ps Ao + Al + AZ

(00) = a1B0P2(20081 + B152 + BoP)
be Ao+ A+ A

(00) = & BoB2(2a0B1 + B1B2 + Bob)
pr Ag+ A1+ Ag

apaias (a1 B + apfa + 2000 + 201 By + 26152 + 25082 + 200 51)
Ag+ A1+ Ay

AT(OO) =

Because the equipment’s are prone to partial and complete failure, the repairman is busy performing preventive main-
tenance on the broken items. Defines Cp, C, Ca, C3, and Cjy as the money generated when the system is in good
operating order and no income when it is in bad functioning order, as well as the cost of each repair due to partial or
complete failure. The predicted total system profit per unit time is given by the predicted overall system benefit per
unit time expended in steady condition:

Pr(o0) = Cy * Ay (00) — Cy % Bp1(00) — Cy % Bpa(o0) — C3 % Bpz(00) — Cy % Bpy(o0) (10)
The explicit expression for the MTTF is computed using:

MTTF = P(0)(—Q")[1,1,1]" (11)
Thus, the MTTF expression for system is:

(ap + B1 + B2) (a1 + Bo + B2) + Bolar + Bo + B2) + Bi(ar + Bo + B2)

MY = 28,7 Ba) + Bulao + B1)(Bo + Ba) + B2(Bo & Br) + BoBi(an + Ba) + BoBalas + Bu)

12)
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Where,
—(Bo + B1) Qg ay 0 0 0 0 0
Bo —(ap + B1 + B2) 0 Qo 0 aq 0 0
B1 0 —(a1+Bo+P2) ag 0 0
0 B2 B2 —2ap 0 0 0
= 0 0 Bo 0 —(ao+f2) 0 a0
0 B, 0 0 (a1 +p) 0 o
0 0 5o 0 —Qup 0
0 0 0 By 0 —as
—(Bo + B1) Bo B
M = Qg —(ap + B1 + B2) 0
ai 0 —(ay + Bo + B2)

Ag = 2apaias By + apaiasfse + 205 azan + apaiBofe + arasBofs + agarasfBi Be + daparanBoBi+
Ay = 2apa1aB0B2 + 200010281 Be + 20301001 + aarasfa + a1 B3 85 + a1 BoBiBa + dagan Bo S Ba+
Ay = g BB + apan B1 B3 + agai Bi Bz + apanfofi B + azaeBi Bz + aoBoBiBs + aoBifs

5. NUMERICAL ANALYSIS

This section presents numerical analysis for the established models in terms of availability, mean time to failure (MTTF),
and benefit function. The following parameters are fixed in the simulation for consistency in the model analysis:

ap = 0.5, a1 = 0.5, a5 = 0.4, B = 0.2, /1 = 0.1, B = 0.3, Coy = 2500000, C; = 250, Cs = 250, C5 = 350,

and C4 = 350

Figures 2 and 5 show the effect of unit A’s failure rate(8p) and repair rate(cvp) on system availability and profit.
The availability and profit decrease with respect to failure rate(fy) and increase with respect to repait rate(p), as shown
in these graphs. The value of system availability and profit in terms of ay is higher than the value of system availability
and profit in terms of By. This sensitivity analysis illustrates what it takes to keep the system running,

Figures 3 and 6 depict the system’s availability and profit trends in relation to unit Bs failure(8;) and repair(av)
rates, respectively. When the rate of repair oy rises, so does availability and profit, whereas as the rate of failure 51
rises, so does the availability and profit. As a result, preventive and substantial maintenance is critical for maximizing
the system availability and profit.

For different values of setvice station, figures 4 and 7 present the impact of failure rate(82) and repair rate (ov2)
on system’s availability and benefit function. These graphs show a growing pattern of availability and benefit for repair
and a declining pattern of availability and profit for failure. According to this report, normal system repair can result
in higher system availability and revenue.

Figure 11 shows the mean time to failure of the system versus the failure(8p) and repait(ay) rates of unit A. It has
been discovered that MTTF rises with the rate of repair and falls with the rate of failure. Figure 12 presents the system
mean time to failure in comparison to unit B’s failure(81) and repait(cv;) rates. MTTF rises with the rate of repair and
falls with the rate of failure, according to the data. Figures 11 and 12 indicate that as the failure rate of unit A increases,
the distance in the figure, i.e. figure 11 narrows, indicating that failure of unit A will impact the entire system.

1813-713X Copyright © 2022 ORSTW
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Table 3: Variation of Availability, Profit and MTTF with respect to repair rate of unit A

37

Ay (00) Pr(00) x 108 MTTF
“ 50 = 0.02 | Bo=0.05 | fo=0.08 | flo=0.02 | fo=0.05 | Bo=0.08 | fo=002 | fo=005] fo=008
0.0 0.0000 0.0000 0.0000 -0.0012 -0.0012 -0.0012 19.8554 13.6290 10.6642
0.1 0.8284 0.7456 0.6811 2.0700 1.8629 1.7015 21.1170 15.0000 11.8830
0.2 0.8680 0.8105 0.7630 2.1692 2.0253 1.9063 22.0652 16.1184 12.9199
0.3 0.8874 0.8420 0.8032 2.2177 2.1040 2.0069 22.8093 17.0482 13.8130
0.4 0.8993 0.8615 0.8284 2.2476 2.1529 2.0700 23.3955 17.8333 14.5902
0.5 0.9075 0.8750 0.8460 2.2680 2.1866 21141 23.8801 18.5052 15.2726
0.6 0.9135 0.8849 0.8591 2.2829 2.2114 2.1469 24.2842 19.0865 15.8767
0.7 0.9180 0.8925 0.8693 2.2943 2.2305 2.1724 24.6264 19.5946 16.4151
0.8 0.9216 0.8986 0.8774 2.3033 2.2457 2.1928 24.9199 20.0424 16.8980
0.9 0.9245 0.9035 0.8841 2.3106 2.2581 2.2094 25.1744 20.4400 17.3337
Table 4: Variation of Availability, Profit and MTTT with respect to failure rate of unit A
Ay (o) Pr(c0) * 10° MTTF
Ao =05 ap=07] ag=09 | ap =05 | ag=0.7 | ap=0.9 | ap=0.5 | ag = 0.7 | ap = 0.9
0.0 0.9316 0.9365 0.9395 2.3283 2.3405 2.3481 30.0000 30.0000 30.0000
0.1 0.8284 0.8549 0.8719 2.0700 21364 2.1790 13.7500 14.8750 15.7955
0.2 0.7554 0.7934 0.8186 1.8873 1.9824 2.0456 9.5200 10.4444 11.2414
0.3 0.6997 0.7445 0.7751 1.7480 1.8602 1.9366 7.5806 8.3333 9.0000
0.4 0.6551 0.7044 0.7385 1.6363 1.7596 1.8450 6.4706 7.1004 7.6678
0.5 0.6180 0.6704 0.7070 1.5435 1.6745 1.7662 5.7530 6.2931 6.7857
0.6 0.5863 0.6410 0.6795 1.4644 1.6010 1.6975 5.2518 5.7241 6.1589
0.7 0.5588 0.6151 0.6551 1.3956 1.5364 1.6365 4.8824 5.3019 5.6909
0.8 0.5345 0.5921 0.6333 1.3348 1.4789 1.5818 4.5990 4.9763 5.3282
0.9 0.5128 0.5714 0.6135 1.2805 1.4271 1.5323 4.3750 47177 5.0391
Table 5: Variation of Availability, Profit and MTTF with respect to repair rate of unit B
Ay (00) Pr(c0) x 108 MTTF
“ 1 =003 | 5,=006]5,=009|p,=003]p,=006]|p;=0.09]| p;=003]| p4;=0.06| 5 =0.09
0.0 0.0000 0.0000 0.0000 -0.0027 -0.0027 -0.0027 14.6142 10.9160 8.8727
0.1 0.7876 0.7165 0.6616 1.9678 1.7898 1.6524 15.4160 11.7481 9.6338
0.2 0.8358 0.7844 0.7421 2.0887 1.9597 1.8540 16.0541 12.4444 10.2894
0.3 0.8596 0.8180 0.7827 2.1483 2.0441 1.9556 16.5740 13.0356 10.8601
0.4 0.8745 0.8393 0.8086 2.1854 2.0972 2.0205 17.0058 13.5439 11.3614
0.5 0.8847 0.8541 0.8270 2.2111 2.1345 2.0666 17.3700 13.9854 11.8052
0.6 0.8923 0.8652 0.8408 2.2300 2.1622 2.1012 17.6815 14.3726 12.2009
0.7 0.8981 0.8737 0.8516 2.2446 2.1836 2.1283 17.9508 14.7150 12.5559
0.8 0.9027 0.8806 0.8604 2.2562 2.2008 2.1501 18.1861 15.0198 12.8761
0.9 0.9065 0.8862 0.8675 2.2656 2.2149 2.1681 18.3933 15.2929 13.1665
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Table 6: Variation of Availability, Profit and MTTF with respect to failure rate of unit B

Ay (c0) Pr(c0) * 10° MTTF
a;=06 | a;=08 | a1 =10 | a3 =06 | @1 =08 | a1 =10 | a3 =06 | a1 =08 | a3 =1.0
0.0 0.9227 0.9270 0.9298 2.3003 2.3169 2.3239 23.3333 23.3333 23.3333
0.1 0.8333 0.8540 0.8681 2.0822 2.1341 2.1694 11.6340 12.3077 12.8649
0.2 0.7691 0.7985 0.8192 1.9215 1.9952 2.0471 8.1600 8.7407 9.2414
0.3 0.7201 0.7545 0.7793 1.7988 1.8850 1.9472 6.4986 6.9816 7.4074
0.4 0.6810 0.7185 0.7460 1.7009 1.7948 1.8636 5.5274 5.9363 6.3019
0.5 0.6488 0.6882 0.7175 1.6202 1.7190 1.7923 4.8918 5.2449 5.5639
0.6 0.6215 0.6622 0.6928 1.5518 1.6540 1.7304 4.4444 4.7545 5.0370
0.7 0.5979 0.6396 0.6710 1.4928 1.5972 1.6759 4.1130 4.3892 4.6425
0.8 0.5771 0.6195 0.6516 1.4409 1.5470 1.6273 3.8580 4.10068 4.3363
0.9 0.5587 0.6016 0.6342 1.3946 1.5021 1.5837 3.6559 3.8823 4.0920

1

Table 7: Variation of Availability, Profit and MTTT with respect to repair rate of the service station

Ay (00) Pr(00) %108 MTTF
Bo=01] Ba=03 | =05 | Bo—=01] Bo=03] Ba=05| Ba—01] Ba=03] =05
0.0 0.0000 0.0000 0.0000 -0.0049 -0.0049 -0.0049 14.9057 9.5200 7.5566
0.1 0.7186 0.5047 0.3883 1.7951 1.2594 0.9679 14.9057 9.5200 7.5566
0.2 0.8020 0.6481 0.5433 2.0041 1.6186 1.3560 14.9057 9.5200 7.5566
0.3 0.8343 0.7159 0.6266 2.0850 1.7884 1.5648 14.9057 9.5200 7.5566
0.4 0.8514 0.7554 0.6787 2.1279 1.8873 1.6952 14.9057 9.5200 7.5566
0.5 0.8621 0.7813 0.7143 2.1546 1.9521 1.7844 14.9057 9.5200 7.5566
0.6 0.8693 0.7995 0.7402 21727 1.9978 1.8492 14.9057 9.5200 7.5566
0.7 0.8745 0.8131 0.7598 2.1858 2.0318 1.8985 14.9057 9.5200 7.5566
0.8 0.8785 0.8235 0.7753 2.1958 2.0581 1.9372 14.9057 9.5200 7.5566
0.9 0.8816 0.8319 0.7877 2.2036 2.0789 1.9684 14.9057 9.5200 7.5566

(%)

Table 8: Variation of Availability, Profit and MTTF with respect to failure rate of the service station

Ay (00) Pr(c0) * 10° MTTF
ag =03 ]| ag=06 | a3=09 | a3 =03 | as =06 | ac =09 | a3 =03 | a5 =0.6 | ax =0.9
0.0 0.9091 0.9091 0.9091 2.2723 2.2723 2.2723 23.8462 23.8462 23.8462
0.1 0.8343 0.8693 0.8816 2.0850 21727 2.2036 14.9057 14.9057 14.9057
0.2 0.7706 0.8329 0.8560 1.9255 2.0815 2.1393 11.3953 11.3953 11.3953
0.3 0.7159 0.7995 0.8319 1.7884 1.9978 2.0789 9.5200 9.5200 9.5200
0.4 0.6683 0.7687 0.8092 1.6692 1.9206 2.0221 8.3529 8.3529 8.3529
0.5 0.6266 0.7402 0.7877 1.5648 1.8492 1.9684 7.5566 7.5566 7.5566
0.6 0.5898 0.7137 0.7674 1.4726 1.7829 1.9175 6.9864 6.9784 6.9784
0.7 0.5571 0.6891 0.7482 1.3905 1.7212 1.8693 6.5396 6.5396 6.5396
0.8 0.5277 0.6661 0.7299 1.3171 1.6636 1.8234 6.1951 6.1951 6.1951
0.9 0.5013 0.6446 0.7125 1.2510 1.6098 1.7798 5.9175 5.9175 5.9175

Pa

The sutface plots of availability, profit and MTTF with respect to ag and 3y are depicted in Figures 2, 5 and 8. It
is clear from these figures that availability, profit and MTTF decteases as 3y increase and increases with increase in ov.
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It is evident from these plots that availability, profit and MTTF can be enhance through preventive maintenance that
would prevent the occurrence of unit A failure.

Figures 3, 4 and 9 displayed the impact of a1 and 81 on availability, profit and MTTE From the figure it is observed
that both availability, profit and MTTF decreases with increase in $1 and increases with increase in 1. To improve
the system availability, profit and MTTF, some maintenance actions such as online and offline preventive maintenance,
regular inspection, used of fault tolerance unit, introduction of redundant units can be employed.

Figures 4 and 7 reflects the effect of g and [ on availability and profit. The figures have shown that availability
and profit increases with increase in ap and decreases with increase in S2. This implies that absent ot failure of repair
machine retarded the system performance and reliability of system. This suggested that redundant and fault tolerance
repair machine be introduce to help in reducing and maximizing the reliability of the system.

Tables 3 and 4 show how availability, benefit, and MTTF change as a function of unit A’s repair and failure rates
respectively. The availability, benefit, and MTTF show an increasing trend with respect to repair and a decreasing pattern
with respect to failure, as shown in Table 3 and 4, respectively.

Tables 5 and 6 respectively show the relationship between availability, profit, and MTTF and unit B’s repair and
failure rates. Tables 5 and 6 show that when it comes to repair, availability, profit, and MTTF all show an increasing
trend, whereas when it comes to loss, they show a decreasing pattern.

The effects of service station repair and failure on system availability, profit, and MTTF are shown in Tables 7
and 8 respectively. The system availability, profit, and MTTF increase with respect to repair and decrease with respect
to failure, as can be seen in these tables. For all units, it is also clear that availability, profit, and MTTF increase with
higher repair values and decrease with higher failure values. This indicates that minimizing the occurrence of failure at
eatly stage or engaging in perfect repair will yield higher availability, profit and the system’s expected life time.

6. CONCLUSION

In this paper, the reliability characteristics for different failure values and repair rates are thoroughly studied so as to
evaluate the performance of the system under consideration. Numerical experiments were used to obtain and validate
the fundamental formulations for system characteristics such as system availability, busy repairman time owing to partial
and complete failure, and profit function. Analysis of the effect of various system parameters on mean time to failure,
profit function and availability was performed. System/unit/repair machine failure is viewed in different scenatio.
Failure of the system/tepair machine is viewed as partial or complete These are the main contributions of this study.
Based on the findings of the numerical tests, it is clear that the system’s optimum availability, MTTF and profit can be
attained when the entire system is fixed on a regular basis and redundant and fault tolerance repair machines are used.
System failure will lower manufacturing performance and this may have negative effect on any industry. Introduction
of a repair machine into maintenance activities has become necessary due to the challenges faced by repairers in certain
manufacturing and industrial applications that are hazardous to humans, such as nuclear power, highways, power line,
aerospace, diagnosis of ailment such as covid-19, ebola disease, etc. In some developed countries, robots have been
introduced to manage maintenance activities due to ground or hazardous tasks that are harmful to human health. These
repair machines are system also which is likely to fail. In order to improve the efficiency of the system, repair machines
are put in place to carry out any kind of maintenance activity that would be hazardous to repairers. Future studies would,
however, necessitate further investigation. Understanding availability measurements can help engineers and designers
to develop more vital systems in the service of humankind.
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