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AnHOTanusa

HanexHocTh yBEIUYNBAET CBOIO IIEHHOCTH B PA3BUTHU MEXAHWUYECKOTO W TTPOMBIIIIEHHOTO
MHpa 33 CUeT BKJIOYEHUS MEXaHW3Ma PEMOHTA, JOCTYIMHOCTH W BO3MOYKHOCTH W3TOTOBJICHWS
MAIlWH C PA3JINYHON pabodeil MOITHOCTHIO B JIIOOBIX yc/OBusX. HacTosImas cTarbst mMpeacTaB-
JiseT coOO¥ WHHUIMATUBY, MPEANPUHATYI0 ¢ MEXaHWIECKOH CHCTEMOi, paboTaionei ¢ eInHbIM
CepBepOM PEMOHTA JIJIsl PA3THIHOIO XapaKTepa OTKa30B u ycayr. CTparerus macCUBHOM pe3epB-
HOJ MAIMHbBI UCIIOJIb3YETCS JJId [TO//I€PKAHNS HAJEXKHOCTH CUCTEMBI HA, Y/IOBJIETBOPUTEILHOM
yposae. [Ipormecc mpoBepKu BKIIOYEH i (DUABTPAIMN MAIWH B 3aBUCHMOCTH OT WX HEUC-
MPABHOCTHU WJIM YPOBHS PEMOHTHBIX YCJIyT. BbrauciieHHBIE 9UCIOBBIE U TpadUIeCKue TAHHBIE
OKA3AJIUCh MOJIE3HBIMHY JIJIsl BbISICHEHUS [IOBEIEHNs TPUObLIM ¥ HAJIEXKHOCTH [P yBeJudeHuu |
YMEHBIIIEHUU CKOPOCTHA MEXaHU3Ma PEMOHTA M WHTEHCHBHOCTH OTKa30B. llosmTuka npemmodre-
Huil ObLTa HHATMUPOBAHA /T PEry/IapPHBIX cO0eB mim cOOeB, TPeOYIONuX OOBIYHBIX 3aTpPaT Ha
00CTyKMBAHNE U TIEPUOJIA BPEMEHM, YeM OCHOBHBIE, YTOOBI M30€KATh BPEMEHU OXKUIAHUS JJIst
OOBIYHOTO KJIMEHTA.

Karouesnie carosa: MomenupoBanne HaIeKHOCTH, T€OMETPUIECKOE PACIPEeIeHne, TOCTYII-
HOCTb CHCTEMBbI, OTKa3, IIPOBEPKA, CTOMMOCTH OOC/IyKUBaHUSA U (DYHKIINs TPUOBLIH.
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Abstract

Reliability is enhancing its value in the advancement of mechanical and industrial world
by incorporating the repair mechanism, availability and manufacturing possibility of machines
with varying working capacity in all conditions. The present paper is an initiative taken with a
mechanical system operating with single repair server facility for varying nature of failures and
services. Passive standby machine strategy is adopted for maintaining reliability at a gratified
level in the system. The inspection process is included for filtering the machines according to its
failure or to the level of repair services. The computed numerical and graphical data is proved
to be beneficial for clarifying the profit and reliability behaviour with increasing/decreasing rate
of repair mechanism and failure rate. The preference policy has been initiated for regular failure
or to the failure requiring normal servicing charges and time period than major ones to avoid
the waiting time for normal customer.

Keywords: Reliability modelling, geometric distribution, system availability, failure, inspec-
tion, maintenance cost and profit function.
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1. Introduction

In the real world full of industrial advancement and variety of machines, reliability is adding
its major importance for their evaluation and analysis such as manufacturing and availability
of machines and system, their repairing mechanism and working capacity in all environmental
situations and many more. For keeping the technology more reliable there is always a new initiative
or substitution policy be kept ready for balancing the possibilities of damage to technology. Along
with this keeping standby units in active or passive form is also an alternative method that usually
been adopted by many industries for maintaining reliability of system in satisfied level. [t has been
observed in several systems that rather than placing direct repair server to the failed unit, the
inspection process is included for filtering the machines according to its failure or to the level of
repair services. The present paper is initially contributed to analysis of the system based on above
strategies.

From past many years there has been lots of initiative been taken in reliability evaluation of
industrial models for its improvement. In 2008, Bhardwaj et al. [1, 2] had stochastically examined
distinct repair and failure mechanism under discrete distribution for the redundant system. In
2009 evaluation of industrial system with linear first order differential equations was initiated by
Haggag et al. [3, 4]. Rizwan et al. [5] also investigated hot standby PLC system for enhancing
its reliability. An computer based working system with replacement preference to S/W over H/W
replacement subject to MOT and MRT was examined by Kumar, A. [6]. In 2014, Singh et al. [7]
had stochastically studied a gas turbine plant processing with one gas and steam turbine to an
industrial system i.e. power generating system. Malhotra. R et. al. [8, 9], had also initiated with
examining system with varying repair demands. Bhatti and Kakkar et al [10, 11, 12, 13, 14| had
also initiated together in evaluating different real life models following correlation relation concept
and using geometric distributions.

In 2016, Hua et al. [15, 16] had spatially distributed units in his research with major challenge
of assessing systems with involving unit degradation paths. Pervaiz et al [17] used Boolean function
for assessment of paper plant industry and S.Z. Taj, et al [18] assessed the cable plant subsystem
by framing probabilistic modelling. In 2017 N. Adlakha [19] had investigated mechanical system
having assembling and activation time for cold standby unit before being into an operative state.
Cui et al 20, 21] and Endharta et al. [22] in 2018 had applied F and G balanced systems under
Markov processes for k-out-of-n systems reliability. Chen W-L. et al. [23] enhanced his study for
retrial machine repair systems with operating units in "M’ numbers out of which "W’ are to be in
warm standby mode and a single recovery policy for server breakdown. In 2019, S. Bhardwaj [24]
studied neural network prediction model and Dong Q.L. et al. [25] used Bivariate Wiener processes
by emerging stochastic degradation system for two-stage failure process. Recently, new balanced
mechanisms for examining balanced systems and common cause failures had been initiated by Wu
H. et al. [26], Jia H.P. [27] and Fang et al. [28]. Bhatti and Kakkar et al. [29, 30] also enhance his
study under reliability with active or passive standby systems with common failure.

In all, all researchers had contributed to their best for enhancing the reliability of mechanical
system and machines. The present paper is also one step forward been taken with initiative as an
inspection process for filtering the machines according to its failure or to the level of repair service
but with some preferences. The preference is been given to regular or to the failure required normal
servicing charges and time period to avoid the waiting time for normal customer. The two machines
or customer ' X’ and 'Y having their individual mechanical problems. But due to the possibility of
only normal /regular failure to machine 'Y’ it has been given preference to machine ‘X’ for being
repaired and free from inspection procedure. Possible states of the system under operative and
failed states are reflected through transition model Figure 1 and Table 1.
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Puc. 1: Transition Model
Tabsmia 1: Nomenclature
X0, Y0 : | Operative behaviour of unit ‘X’ and 'Y” .
X7 : | Inspection behaviour of failed unit 'X”.
Xo /X : | Special failure repaired service or waiting rate to unit 'X".
Xry/Xrow /Yrs | ¢ | Regular services or waiting rate to unit ‘X’ and 'Y”.
p1 : | Probability value for "X’ to fall in failure mode
ps /D3 : | Probabilityc value for X’ to get inspected.
P3 : | Probability value to 'Y’ for falling in failure mode with regular
repair
r1/72 : | Probability repair value to “X’ and 'Y” for being repaired (speci-
al/regular) successfully.
Down States
S4 = (X"“lw7}/7"2)7 85 - (X’r‘gwa}/rz)7 Sﬁ - (XI7K“2)'

2. Transition Probabilities

Using the transition diagram shown in Figure 1, the steady state transition probabilities from
state S; to Sjcan be calculated by applying:

Pij = lim Qij

t—o0

where ;7 depicts the ’cumulative density function’ from first regenerative state 's’ to second state
’4'. The evaluated transition probabilities are as follows:
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2.1. Mean Sojourn Times

By mentioning sojourn time in state S;(i = 0 — 9) by symbol 'y, the value of mean sojourn
time for state .S; is calculated as:

1 1 1 1
Mozl—fh%’ Ml:l—Q2Q37 M2:1-$1<]3’ M3:1—SQQS
1 1 1
M4=M5=1_52, Mfs:il_q%”a W:il—qul'

3. Mean Time to System Failure (MTSF)

To calculate MTSF of the proposed system, the absorbing states is taken to be the failure ones.
Then, reliability analysis R; at time ‘¢’ is obtained by solving the following equation:

Ry = Zp + qnn©R1 + qo7©R7

Ry =Z1+ q12©R2 + q13©R3

Ry = Z3 + 20O Ro + q2r© Ry

R3 = Z3 + q30©Ro + q37© Ry

Rr = Z7 + qr0©Ro + ¢qn© R
By solving above equations, we obtain

MTSF = lim Ni(h) -
D,

-1
h—1 Dy (h)

where
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N1 = o[l — Pri(Pi2 + Pi3)] + p1[Po1 + PorPri] + pa(Pi2 + Pi3)[Po1 + PorPri]
+p7(Pr2 + Pi3)[Por + Po2Por]
Dy =1 — (P2 + P13)Pao(Po1 + PorPr1) + Par((Pr1 + ProPo1) — PorPro.

4. Availability and Maintenance Analysis of the System

Using probabilistic argument and through reliability models design as figure 1, the relations
related to availability and maintenance analysis of the system are obtained as:

Xo = Zy + q01©X1 + +q06© X6 + +q07©X7.
X1 =71+ q2©X2 + 130 X3 + 14© X4 + 150 X5 + 0160 X6.
Xo = Zs + ¢20© X0 + ¢24© X4 + q27© X7
X3 = Z3+ q30©Xo + 4350 X5 + g37© X7
X4 = Zy + q120Xo.
X5 = Zs + ¢530) X3.
X6 = Z6 + q61©X1 + 6200 X2 + 9630 X3 + ¢64©) X + g650) X5.
X7 =Z7 + q0©Xo + ¢11© X1 + q76(© X-
By solving above equations, we get the value of reliability parameters as: Availability:

Na(1)
D5(1)’

A():— ZZ‘ZO fOTi:4,5,6.

Busy schedule of Inspection:

N3(1)

By = — ) f
Dy(1)

=0 fori=0,2,3,4,5,7.

Busy schedule of Repairman ry:

N4(1) .
B(/):_Dé(l)’ Z; =0 fori=0,1,3,4,5,6,7.

Busy schedule of Repairman ro:

B — N5(1)

P D) "

=0 fori=0,1,2.

where

No(1) = po(1 — Pi6FPs1)[Pao + PorProl + 1 [(1 — Poa)[Po1 + Pos Pe1 + Por(Pr1 + PrePe1)]
+Po7(Pos Pr1 — Po1Pre) (1 — Ps1)] + (1 — PigPe1) (2 + 3 + p7) (1 — PorPro + Par + PaoPor)]

N3(1) = (1 = Pos)[p1([Po1r + Pos Ps1 + Por(Pr1 + PrePe1)| + Par(Pos Pr1 — Po1Pre)
(1 — Ps1)) + p6([Pos + Po1Pis + Por(Pr + Pr1Pis)| + Par(Po1Pre — PosPr1)(1 — Pe1))]

N4(1) = (1 — PigPes1)p2(1 — Po7Pro)
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N5(1) = (1 — P16 Ps1)pu3(1 — PorPro) + pa[(Po1 + PorPr1)[Pia + Pis + Pie(Pea + Pos)
+Pos(Pr2 + P13 + Pi6(Po2 + FPo3))] + Pos + PorPr6[Poa + Pos + Pe1(Pra + Pis)
+Poy(Ps2 + Ps3 + Po1(Pr2 + P13))] + Par(Pos Pr1 — Po1Pre)[(Poa + Pos) (1 — Pig)
(Pra+ Pi5)(1 — Pe1)]] + p6([Pos + Po1Pis + Por(Pre + Pri1Pig)]

+Po7(Po1Pre — Pos Pr1)(1 — Fe1)) + pr(1 — PorPro + Par + PaoFPo7)

Dj(1) = —po(1 — PigPs1)[Pao + ParPro) — pu1[(1 — Paa)[Po1 + PosPs1 + Por(Pr1 + PrgPe
+Po7(Pos Pr1 — Po1Pre)(1 — Po1)] — (1 — PiePo1) (2 + p3 + p7) (1 — Por Pro + Par + Pao Por
—pa[(Po1 + Po7Pr1)[Pra + Pis + Pi6(Pss + Pes) + Paa(Pr2 + P13 + Pis(Pe2 + Ps3)

+Pos + PorPr6[Pss + Pss + Pe1(Pra + Pis) + Poy(Pe2 + Pz + Ps1(Pi2 + P13)

+Pa7(Pos Pr1 — Po1Pr6)[(Pea + Pes)(1 — Pig)(Pra + Pi5)(1 — Pe1)

)

)
)
)
)
]
—p6([Pos + Po1Pie + Por(Pre + PriPie)] + Par(Po1Pre — PosPr1)(1 — Fs1))

]
]
]
]
]
]

5. Conclusion

The total profit of system to its steady state will be calculated by using:

P = C1Ay — C2By — C3[Bj) + By

where C: be the per unit up time revenue by the system. C5,C3: be the per unit down time
expenditure on the system. As per the data analysis, the performance of profit function was analyzed
through having some fixed parameters Cp, Co and Cs as Cy = 1500, C; = 300, Cy = 350 and
P2 = 0.6.

Table 2 and Figure 2 reflects that the profit function will decrease as the failure rate p; increases
from 0.1 to 0.9 for certain ry, ro, ps values. Whereas Table 3 and Figure 3 reflects its opposite
behaviour for certain pp, ps with increasing r1, ro. Hence, with the help of numerical and graphical
analysis it has been proved that the profit function increases with increasing repair and decreasing
failure rate. In other words, the research paper will verify its objectives of benefiting the industries
by developing new techniques using prescribed repairng techniques for different failure.
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Tabmuma 2: Reliability parameters w.r.t repair r1,r2, Failure Rate p3

Repair, Failure Rate | MTSF Ao Bo B + BYf Profit
13.34816  0.439386 0.071212 0.88796 326.9289262
8.26087  0.382619 0.076136  0.915303 230.7321359
6.718898 0.363914 0.076619  0.926769 198.5157803
r1 = 0.06, 6.024452 0.355656  0.076143 0.93332 183.9797496
ro = 0.04, 5.650493 0.351492 0.075428 0.937648 176.4327009
p3 = 0.2 5.426997 0.349245 0.074682  0.940759 172.1972711
5.283912 0.347999 0.073974 0.943121 169.7147604
5.187718 0.347315 0.073322  0.944984 168.231833
11.95662 0.730824 0.130052 0.710412 808.5761745
6.44206  0.628585 0.179353 0.769325 619.8084424
4.611465  0.57487  0.205185  0.800348 520.627402
r1 = 0.3 3.701681 0.541837 0.221014  0.819481  459.6323401
ro = 0.1, 3.160083 0.519522 0.231661 0.832451  418.4274372
p3 = 0.5 2.802469 0.503476 0.239279 0.841815 388.7952611
2.549898  0.491411 0.244974 0.84889 366.5126824
2.362903  0.48203  0.249373  0.854418 349.1869919
11.17526  0.867294 0.131712  0.594928 1053.202165
5.860592 0.795704 0.206111  0.647095 905.2398548
4.068428 0.7562177 0.254561 0.679733  813.9911542
r1 = 0.65 3.154762  0.724026 0.289165 0.701777  753.6677721
ro = 0.15, 2.590463  0.70537  0.315597 0.717387 712.2912115
p3 = 0.8 2.198814 0.693146 0.336889  0.728752 683.589792
1.903705 0.685638  0.35483 0.737123 664.0154099
1.666667 0.681853 0.370562  0.743258 651.4703642

Tabauna 3: Reliability parameters w.r.t Failure rate p1, ps

Failure Rate p1,ps MTSF Ao Bo By + B{ Profit
5.187718 0.347315 0.073322  0.944984 168.231833
5.346386 0.525387 0.147298 0.854984  444.6463936
5.527778 0.631806 0.207931  0.768851 616.2317649
p1 = 0.8 5.728331 0.703059 0.256255 0.693314  735.0530471
p3 = 0.2 5.946468 0.754788 0.295017 0.628232  823.7964199
6.181694 0.794554 0.326554 0.57213 893.6185798
6.434177 0.826391 0.352603  0.523485 950.586493
6.704545 0.852641 0.374421 0.481001 998.2854495
2.509642 0.170905  0.09413 0.984894 -116.5943514
2.604938 0.303493 0.156777  0.947438 76.602372
2.702541 0.412269 0.203008 0.897451 243.3935662
p1 = 0.6 2.802469 0.503476 0.239279 0.841815  388.7952611
p3 = 0.5 2.904762 0.580645 0.268817  0.784946 515.5913978
3.009473 0.646232 0.293449  0.729478  625.9958088
3.116667 0.702148 0.314321 0.67686 722.0244016
3.226415 0.749953 0.332213 0.627792  805.5379368
2.691851 0.120397 0.11433 0.994673 -201.8382064
2.765625 0.234297 0.177468 0.975075 -43.07078764
2.835925 0.341 0.215672  0.941976 117.1070403
p1 =04 2.903458 0.438468 0.240567  0.899243 270.7977208
p3 = 0.8 2.96875  0.525427 0.257924  0.850976  412.9208633
3.032202 0.601609 0.270802 0.800524 540.990066
3.094124 0.667504 0.280893  0.750277  654.3913683
3.154762  0.724026 0.289165  0.701777  753.6677721
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