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Abstract

Availability and profit of an industrial system are becoming an increasingly
important issue. Where the availability of a system increases, the related profit will also
increase. This paper dealt with the evaluation of availability, busy period and profit of
redundant system. In this paper, the system consists of four subsystems arranged in
series-parallel. Performance evaluation model for the availability, busy period and profit
has been developed with the help of mathematical formulation based on Markov Birth-
Death process using probabilistic approach. A transition diagram representing the
operational behavior of the system has been developed. Failure and repair rates of
subsystems are constant. The effect of failure and repair rates of each subsystem on
generated profit has been determined.
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1.0 Introduction

Failure is an unavoidable phenomenon which candmgetous and costly and bring about less produeiiehprofit.
Proper maintenance planning plays a role in achgeviigh system reliability, availability and prodien output. It is
therefore important to keep the equipments/systdmays available and to lay emphasis on systenadoitity at the highest
order. System availability represents the percentddgime the system is available to users.

A large volume of literature exists on the issug@adicting performance evaluation of various systeKumaret al [1]
discussed the reliability analysis of the Feediggteam in the paper industry. Kumar al [2] discussed the availability
analysis of the washing system in the paper ingustumaret al [3] dealt with reliability, availability and opational
behavior analysis for different systems in papanplKumaret al [4] discussed the behavior analysis of Urea deasitipn
in the fertilizer industry under the general regaoticy. Kumaret al [5] studied the design and cost analysis of annag
system in a Sugar industry. Srinath [6] has expldia Markov model to determine the availability regsion for a simple
system consisting of only one component. Gugbtal [7] has evaluated the reliability parameters oftdrumanufacturing
system in a diary plant considering exponentialtributed failure rates of various components. @ugi al. [8] studied the
behavior of Cement manufacturing plant. Arora ananidr [9] studied the availability analysis of theothandling system
in paper plant by dividing it into three subsyste®mgh and Garg [10] perform the availability ayséd of the core veneer
manufacturing system in a plywood manufacturingesysunder the assumption of constant failure apdirgates. Yusuf
[11] examined the performance evaluation of a separallel system.

However, availability/profit of an industrial sgsh may be enhancing using highly reliable struttdesign of the
system or subsystem of higher reliability. Imprayite reliability and availability of system/subsym, the production and
associated profit will also increase. Increaserodpction lead to the increase of profit. This t@nachieve be maintaining
reliability and availability at highest order. Tahgeve high production and profit, the system stiaelmain operative for
maximum possible duration. It is important to cdesiprofit as well as the quality requirement.

Little literature can be found dealing with evaloatof availability, busy period of repairman aslivwas overall profit
generated. This paper intends to use profit as anmef measuring the effectiveness of the systdra. dbjectives of this
paper are three fold. The first is to obtain expkxpressions for availability, busy period andfjirfor the system under
study. The second is to capture the effect of haillare and repair rates on the profit based omrassl numerical values
given to the system parameters. The third is tcsttaot profit matrices for each subsystem for theximum profit and
optimum values of failure and repair rates.
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2.0 Methodology

A typical system consists of a number of subsysteomnhected to each other logically either in sesiem parallel in most
cases. The performance of the system depends aotifiguration and performance of its subsystenefoi& analyzing the
failure data, it is better to describe the confegiem of the system and classify it into varioubststems so that the failures
can be categorized. The present system consistsiosubsystems, A,B,C and D. The system’s modehfitation is carried
based on Markovian birth-death process using piibs@Ebapproach.

2.1 System structure

The System consists of four dissimilar subsystemisiware:

1. Subsystem A: Single unit in series whose failungseacomplete failure of the entire system.
2. Subsystem B: Single unit in series whose failutesseacomplete failure of the entire system.
3. Subsystem C: consisting of three units in colddity. Failure of the system occurs when all theghmits have
failed.
4. Subsystem D: Single units in series whose failatgse complete failure of the entire system.
2.3 Notations

Q Indicate the system is in full working state

Indicate the system is inddiktate

A, B, C,D, represent full workingast of subsystem
C1,C2,C3 denote subsystem is viagrkin standby unit
a, b, c,d, represent failed stdtsubsystem

B, B, Bs. [, represent failure rates of subsystems A, B,C
a,,aqa,,a,,q,. represent repair rates of subsystems A,B,C
B,(t), P, (t),B(t) : Probability of the system working with full gacity at timet
P, (t) : Probability of the system in failed stat¢,=1,2,3,5,6,7,9,10,11,1
Pi' (t),i=0,1,2,...,1% represents the derivatives with respect to time
P, : Profit

B, : Busy period of the repairman

C, of
— Subsystem C |+

| Subsystem Subsystem C, of Subsystem |
Subsystem
A B D
C3 of

Subsystem C

Fig.1 Reliability block diagram of the system
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Fig.2 Transition diagram of the system
2.4 Simulation Modeling
The following system linear differential equaticassociated with the transition diagram (Fig. 2)degved:

dP (t) + Z BR(t) = a,P(t) + a,Py(t) + a P,t) + a Pt) (3)

dzt(t) +a,P() = BP) ?
d%t(t) +a,P(t) = B,Py(0) @
RO 4 0,p,0) = BP0 @
dF;t(t) ¥ z BRM+a:P) =8P +aP)+a P +a P +a P{) )
RO arn=pP0 ©

Fol) 4 4 p 1) = BP0 ™
PO, a.p) = AP @
dF;t(t) +iﬁ|P8(t) +aR(t) = BPM) +a P +a P ) +a P +a P ) )
RO, 4p 1) =aP0 (10
Tl 4 0,Ry(0 = BP0 a
dF:l:Ilt(t) +a,Pa(0) = BP0 (12
dazt(t) +a,P,(1) = AP (13
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d
Settinga =0 ast - o in equations (1) to (13) in steady-state and sglt#hem recursively we obtained the steady state

probabilities given below:
R = X,R()
R (1) = X, R(1)
R (1) = X,Ry(t)
P (1) = X,R,(t)
R () = X, XRy(t)
R (t) = X, XP(t)
R (1) = X, X5Ry(t)
R (t) = X" Py(t)
Ry (t) = X, X Py(t)
Po(t) = X, X7 Py(t)
R (t) = X XS Py(t)
P,(t) = X33P0(t)
By By By B

2

WhereX, = :
a, a, a, a,

P, (the probability of full working state) is detemei using the condition normalizing below:

R(t) + (1) + Py(t) + Py(t) + P(t) +...+ Pp,(t) = 1 14
Thus,
1

14 (14 X, + X2 ) (X, + X+ X+ X,)

2.5 Steady-state availability, busy period and praff of the system
Availability = Summation of all working states

R =

A, = R(t) + R (t) + Fy(t) (15)
=R (1+ X+ X)
Busy period of repairman = Summation of all staeslving failure
12
B, =Y R (D) (16)
K=1

=R (14 X, + X (X + X, + X+ X )
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The units/subsystems are subjected to correctivimtemance as can be observed in Fig. 2. The repairperforme
corrective maintenance to failed units/subsystemstates 1,2,3,...,12. IC, and C, be the revenue generated when

system is in working state and no income when iledastate and cost of each rep(corrective maintenanc respectively.
Following Elsaid [12] and Haggag [13], the expected total ppsr unit time incurred to the system in the sy-state is
Profit=total revenue generat— cost incurred when repairing the failed units.

P.= C,A —CB, 17

3. Results and Discussions
Table 1: Profit matrix of the subsystem A of thsteyr

0.02 0.0< 0.06 0.08 0.1 :82 =0.00076
a.
! a,=0.3
B B, =0.06
a,=0.3
0.0006 886.98 900.6:¢ 905.29 907.64 909.05 ’34 =0.007
0.0007 882.45 898.3: 903.75 906.46 908.11 a, = 0.125
0.0008 878.01 896.0: 902.17 905.29 907.17
0.0009 873.60 893.7: 900.65 904.12 906.23
0.01 869.23 891.4¢ 899.11 902.97 905.29
920 920
910 Ee
890 - 890
% 880 / “é 880 \\
. o
= 870 / 870 —
260 860
840 . . . . . 840 | | | | |
0.02 0.04 006 008 0.1 0.0006 0.0007 0.0008& 0.0009 0.0010
Repair rate Failure rate

Fig.4 effect of B on
Fig.3 effectaf on Profi
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Table 2. Profit Matrix of subsystem C of the sys

0.1 0.2 0.3 0.4 0.5 ,31 =0.0008
a2
a, =0.06
B !
,83 =0.06
0.0050 860.19 882 889.51| 893.29] 895.38 U3 = 0.3
,6’4 =0.007
0.0063 849.21 876.2: 885.85| 890.32] 893.18
a,=0.125
0.0076 838.85 870.5: 881.68| 887.40, 890.88
0.0089 828.05 864.9: 877.89| 884.42] 888.40
0.0102 415.71 581.5¢ 654.84 | 712.22] 744.6Q
1000 1000
500 7—-—— 900
800 800 _‘Ei
700 /__,.......--—- 200 \§\
= 600 / . 600 \
S 500 4 S 500 \
* 400 % 400 \
300 300
200 200
100 100
0 T T T T ] 0 T T T T |
61 02 03 04 05 0.005 0.00630.00760.0089 0.102
Repair rate Failure rate
Fig. 5 effect of @2 On Profit Fig.6 effect of 3, on Profit
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Table 3. Profit Matrix of subsystem C ihfe syster

0.1 0.2 0.3 0.4 0.5 B, =0.0008
a
° a, =0.06
B; B, =0.0076
a,=0.3

0.02 890.10 903.82 907.39 909.11 910.09 ,34 =0.007
0.04 845.01 890.10 900.24 903.82 906.02 a, = 0.15
0.06 779.37 870.33 890.10 897.65 901.46
0.08 703.45 845.03 877.11 890.83 896.20
0.1 628.55 814.14 863.56 881.11 890.10

Fis \-‘-““——_

s —\

Profit

Repair rate

Failure rate

Table 4. Profit matrix of the subsystem D of theteyn

Fig.7 effect ofa; on Profit

Fig. 8 effect of3; on Profi

0.05 0.087 0.125 0.162 0.2 B, =0.0008
a
§ a, =0.06
B, B, =0.00076
a,=0.3
0.004 880.66 911.85 925.33 932.51 937.15 —
B, =0.06
0.0055 854.67 895.84 913.75 923.47 929.73 a,=0.3
0.007 830.02 880.25 902.41 914.53 922.42
0.0085 806.62 865.14 891.46 905.78 915.21
0.01 784.36 850.56 880.66 897.18 908.11
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950 950
500 - % 500 >
s // 2
* 800 % 500 T~
750
750
700 T T T T 1
700 ' ' ' ' ! 0.004 0.0055 0.007 0.0085 0.01
Repair rate Failure rate
Fig.9 effect ofa, on Profit Fi effect ot 5, on Profit

Table 5 Optimum values of Failure/Repair ratesuisystems of Seri-Parallel systel

SIN Subsyster Failure rate3 Repair rated Maximun Profit
Level
1 A 0.0006 0.1 909.05
2 B 0.0050 0.5 895.38
3 C 0.02 0.5 910.09
4 D 0.004 0.2 937.15

Table 1 and Figure 3 and 4 reveal the effect dfifaiandrepair rates of subsystem A on the profit of thetem. It is
observed that for some known values of failureparerates of other three subsystems, as failuee g&first subsyster
increases from 0.0006 to 0.01, the subsystem piefiteases. Simrly as repair rate of the subsystem A increasas 0d2
to 0.1 (once in 2.5 hrs), the subsystem profitease:

Table 2 and Figure 5 and 6 reveal the effect dfifaiand repair rates of subsystem A on the podfibhe system. It i

observed that fosome known values of failure / repair rates of ptitreee subsystems, as failure rate of first suiesy
increases from 0.0006 to 0.01, the subsystem mefiteases. Similarly as repair rate of the subsyst increases from (2
to 0.1 (once in 2.5 By, the subsystem profit increa:

Table 3 and Figure 7 and 8 reveal the effect dfifaiand repair rates of subsystem A on the poffthe system. It i
observed that for some known values of failurepanerates of other three subsystems, asre rate of first subsystem
increases from 0.0006 to 0.01, the subsystem mefiteases. Similarly as repair rate of the subsyst increases from (2
to 0.1 (once in 2.5 hrs), the subsystem profitéase:
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Table 4 and Figure 9 and 10 reveal the effectibiraand repair rates of subsystem A on the paffihe system. It is
observed that for some known values of failurepanerates of other three subsystems, as failuee ghfirst subsystem
increases from 0.0006 to 0.01, the subsystem mefiteases. Similarly as repair rate of the subsy#t increases from 0.02
to 0.1 (once in 2.5 hrs), the subsystem profiteases.

Table 5 helps in determining the subsystem withimar profit. It is observed that subsystem D isihgumaximum
profit. Shown in the Table 5 are the optimum valakfailure and repair rates for maximum profit fach subsystem. From
Table 5, it is observed that the most critical gsbmm as far as maintenance is concerned and eeqguimediate attention is
subsystem B, as the effect of failure rates onesysprofit is lower than that of subsystems A,C &ndrlherefore, on the
basis of repair rates, the maintenance prioritpwkhbe given as per the following order:

Subsystem B, Subsystem A, Subsystem C, Subsystem D.

4.0 Conclusion

Explicit expression for the profit model is devetopand used for the evaluation of performance férdint subsystems
of the series-parallel system in this study. Uding model, tables 1-4 are constructed to show ¢kaionship between
failure and repair rates on system availabilitye Tinofit decreases as the failure rate increasesla8y as profit increases
so also the repair rates. The model will assisinteaance engineers and managers for proper mantenailization. The
results of this study will be beneficial to the mlananagement for the availability, busy periodh& repairman and profit
analysis of series-parallel system and hence taéedbout the maintenance priorities of varioussgatems of the system
concerned.
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