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Abstract

In this research paper sensitivity analysis of a biscuit making plant having five units with constant failure
and repair rate using RPGT is carried out. A transition state diagram showing the directed path and
steady states is drawn using Markov method. Transition probabilities, mean sojourn times, system
parameters are modeled using RPGT. Fixing failure/ repair rates of units and varying the other sensitivity
tables and graphs are drawn followed by analysis.
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Introduction

Modern products have vided range from simple to complex; hence bakery plants should have
quality design with optimal availability and optimal system parameters. The competition and
challenge in modern engineering bakery plants is to guarantee optimal manufacturing costs
and minimum design cycle time to attain performance and reliability. This chapter discusses
sensitivity analysis to analyze transient behavior of repairable biscuit manufacturing plant
using RPGT, based on Markov modeling for modeling system parameters equations. The
effect of failure and repair of units is examined to realize optimum level of performance of
system parameters. Now a day availability/maintainability analysis of process industries is
having increased importance which may benefit the industry with higher productivity and
lower maintenance activities with costs. Different performance measures used in process
industry are indicates to define the performance of a plant in terms of system parameters. Most
of these parameters are linked to operational stage while a few of these are useful to design the
units at an early stage. A biscuit manufacturing plant in Bahadurgarh (Rohtak) in Haryana has
been taken up or study. In this chapter a subsystem of the plant (visit is a continuous
processing and production system) is analyzed taking pre-emptive resume priority repair
policy. The failure and repair rates of units are takes as constant, transient probability
consideration on under Markov-process are helpful to draw the transient state diagram of the
system under steady state. Laplace transformations are used to evaluate mean sojourn times of
various stage expressions for system parameters are modeled using RPGT. Keeping failure or
repair rates of units fixed while varying other for different units, their effect on system
performance parameters is given by drawing tables and graphs, followed by discussions.
Kumar, J. & Malik, S. C. I have discussed the concept of preventive maintenance for a single
unit system. Liu, R. @, Malik, S. C. I, Nakagawa, T. and Osaki, S. ¥ have discussed
reliability analysis of a one unit system with un-repairable spare units and its applications.
Goel, P. & Singh J. B1, Gupta, P., Singh, J. & Singh, I.P. [¥1, Kumar, S. & Goel, P. [, Gupta, V.
K. [, Chaudhary, Goel & Kumar 1 Sharma & Goel 1%, Ritikesh & Goel 3, Goyal & Goel
21 and Yusuf, 1. 3 have discussed behavior with perfect and imperfect switch-over of
systems using various techniques.

Assumptions and Notations: The following assumptions and notations are taken:
1. There is single repairman who is always available.

The distributions of failure /repair times are constant and also different.
Failures and repairs are statistically independent.

Repair is perfect and repaired system is as good as new one.

Nothing can fail when the system is in failed state.
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6. The system is discussed for steady-state conditions.

S
(i‘r’j): R-th directed simple path from i-state to j-state; r takes positive integral values
For different paths from i-state to j-state.

sff
(f —’i): A directed simple failure free path from ¢ state to i-state.

Vmm: Probability factor of the state m reachable from the terminal state m of the M-cycle.
Vi Probability factor of the state m reachable from the terminal state m of the m —<v<'e.
Ri (t): Reliability of the system at time t, given that the system entered the un-failed
Regenerative state ‘i’ at t= 0.

Ai (): Probability of the system in up time at time‘t’, given that the system entered
Regenerative state ‘i’ at t= 0.

Bi (t): Reliability that the server is busy for doing a particulars job at time‘t’; given

That the system entered regenerative state ‘i’ at t= 0.

Vi (t): The expected no. of server visits for doing a job in (0,t] given that the system
Entered regenerative state ‘i’ at t= 0.

¢”: denote derivative

wi: Mean sojourn time spent in state i, before visiting any other states; p; = f0°° R;(t)dt

F*z‘l : The total un-conditional time spent before transiting to any other regenerative states, given that the system entered
regenerative state ‘i’ at t=0.

ni: Expected waiting time spent while doing a given job, given that the system entered regenerative state ‘i’ at t=0; i = Wi (0).
&: Base state of the system.

fi: Fuzziness measure of the j-state.

Hi (1 <1< 5): Constant repair rate of units.

Mi (1 <1< 5): Constant failure rate of units.

O Full Capacity Working State

A Reduced State

I:I Failed State

A/A/a; Unit in full capacity working/reduced state/failed state.
B/b: Unit ‘B’ in full capacity working/failed state etc.
Taking into consideration the above assumptions and notations the Transition Diagram of the system is given in Figure 1.

So=ABDEF S;=aBDEF S,=ABDeF  S;=ABDEf S;=AbDEF  Ss=ABdEF Se = a’'BDeF
S7=a’BDEf  Sg=a’bDEf  Sg=a’BdEF

Table 1: Primary, Secondary & Tertiary Circuits at various vertices.

Vertex i Primary Circuits (CL1) Secondary Circuits (CL2)
0 (0,1,0), (0,2,0), (0,3,0), (0,4,0), (0,5,0) (1,6,1), (1,8,1), (1,7,1), (1,9,1) Nil
(1,0,1) Nil
L (1,6,1) (0,2,0)
(1,81) (0,3,0)
(1,7, (0,4,0)
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19.1) (0,5,0)
2 (2,0,2) (0,1,0), (0,3,0), (0,4,0), (0,5,0)
3 (3,0,3) (0,1,0), (0,2,0), (0,4,0), (0,5,0)
4 (4,0,4) (0,1,0), (0,2,0), (0,3,0), (0,5,0)
5 (5,0,5) (0,1,0), (0,2,0), (0,3,0), (0.4,0)
6 (6,1,6) (1,0,1), (1,7,1), (1,8,1), (1,9,1)
7 .17 (1,0,1), (16,1), (1,8,1), (19,1)
8 (8,1,8) (1,0,1), (16,1), (1,7,1), (19,1)
9 (9,1,9) (1,0,1), (16,1), (1,7,1), (18,1)

Table 2: From the table 1, we see that at working state ‘0’ there are maximum number of primary circuits, hence state ‘0’ is the base state.
Primary, Secondary, Tertiary Circuits w. r. t. the Simple Paths (Base-State ‘0”)

Vertex j (0 ir>j): (Po) (P1) (P2)
(030):010) (1,6 1) Nil
© % 0): (0.2.0) 1,7,1) Nil
0 (030):(03.0) (1.8.1) Nil

© 5 0): (0.4.0) (1,9,1) Nil

(030): (05.0) Nil Nil
1 (031): 01 (1,6,1), (1,7.1), (1,8,1), (1.9,1) Nil
2 (0 3 2): (0.2) Nil Nil
3 (033):03 Nil Nil
4 (0 3 4): (04) Nil Nil
5 (0 5 5): (0.5) Nil Nil
6 (036):(0L6) (1,6,2), (1,7,1), (L8,1), (1,9,1) Nil
7 (037):017) (1,6,1), (1,7,1), (1,8,1), (19,1) Nil
8 (038):(0L8) (1,6,2), (1,7,1), (L8,1), (1,9,1) Nil
9 (039): 019 (1,6,1), (1,7,1), (1,8,1), (1.9,1) Nil

Transition Probability and the Mean sojourn times.

qij(t): Probability density function (p. d. f.) of the first passage time from a regenerative state ‘i’ to a regenerative state ‘j’ or to a
failed state ‘j” without visiting any other regenerative state in (0,t].

pij: Steady state transition probability from a regenerative state ‘i’ t0 a regenerative state ‘j” without visiting any other
regenerative state. pi;j = q; ;(0); where * denotes Laplace transformation.

Table 3: Transition Probabilities

9ui(t) Pij = 9%ij(0)
o () = mge~(Matmztmatmstms)t Po 1= Ma/(M1+Mp+Ma+my+ms)
Do 2= Mu/(M1+Ma+msz+mg+ms)
Po3= My/(M1+Ma+ms+ma+ms)
Po.a= Ma/(M1+Ma+ms+mga+ms)
Pos= Ma/(M1+Ma+ms+mga+ms)

q0,2 (t) = mye —(mq+my +mg+my+msg)t

Go3(t) =m,
Go,a(t) = m4e_(m1+m2+m3+m4+m5)t

Go5(t) = mg
1 O(t) - h3e—(m1+m2+m4+m5+h3)t
q1 G(t) = mle—(m1+m2 +my+ms+h3)t
q1,7(t) = mye
a1 8(t) - m4e—(m1+m2+m4+m5+h3)t
q1 9(t) = mse—(m1+m2+m4+m5+h3)t

e —(my+my+mz+my+ms)t

e —(my+my+mz+my+ms)t

P1,0= hg/(m1+m2+m4+m5+h3)
P1,6= ma/(ma+my+ma+ms+hs)
P1,7= Mo/ (M1+my+ma+ms+hz)
P1,8= Ma/(My+mz+ms+ms+hs)
P1,0= ms/(M1+my+ma+ms+hs)

—(mq+my+my+ms+hz)t

qz0= hye Mt P20=1
3,0= hpe~ 2! P3o=1
Qa0= hye Mt Pao=1
qs0= hse st Pso=1
o= hye Mt Pea=1
q71= hpe 2t p7a=1
g1= hye ™Mt psa=1
o= hse"'st Pop=1
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Mean Sojourn Times
Ry (1): Reliability of the system at time t, given that the system in regenerative state i.

Fi : Mean sojourn time spent in state i, before visiting any other states;

Table 4: Mean Sojourn Times

Ri(t) pi=R*(0)

Ro(t): e ~(Mi+ma+mg+my+ms)t Ho = 1/(m1+m2+m3+m4+m5)
Rl(t): e—(m1+m2+m4+m5+h3)t My = 1/(m1+m2+m4+m5+h3)

R,(t)= e hit H2=1

R3(t)= e~ Ha=1

R,(t)= e ~hat Ha=1

Rs(t)= e™Mst Ms=1

Re(6)= e Pt He=1

R, (8)= e~ =1

Rg(£)= e Pat He= 1

Ro(t)= e~ Ho=1

Evaluation of Parameters: The Mean time to system failure and all the key parameters of the system under steady state
conditions are evaluated, applying Regenerative Point Graphical Technique (RPGT) and using ‘0’ as the base-state of the system
as under:
The transition probability factors of all the reachable states from the base state ‘€’ = ‘0’ are:
Probabilities from state ‘0’ to different vertices are given as
Voy 0=1
VO,l = (011)/[{1'(11611)}{1_(1’7’1)}{1'(118’1)}{1'(1!9’1)}]
= Po.1/{(1-p16Ps1)(1-p17P71)(1-P18Pe1)(1-P1opPas)}
Vo,2=(0, 2) = po,2
Vo,3=(0, 3) = po,3
Vo,2=(0, 4) = po,4
Vo,5=(0,5) = po,s
Vo, 6 = (0,1,6)/ [{1-(1,6,1)H{1-(1,7,1)H{1-(1,8, ) H{1-(1,9,1)}]
= po,1P16/{(1-P1.6Ps1)(1-P1,7P7,1)(1-p1ePs,1)(1-ProPe 1)}
(01117)/ [{1-(11611)}{1-(11771)}{1'(17811)}{1'(1!911)}]
= po,1P17/{(1-P1,6P6,1) (1-P1,7P7,1)(1-p1.ePs,1)(1-ProPo.1)}
V0,8 = (01118)/ [{1_(1’611)}{1_(117’1)}{1'(1!8’1)}{1'(11911)}]
= Po,1P18/{(1-P1,6P6,1) (1-P1,7P7,1)(1-p1.ePs,1)(1-ProPo.1)}
V0,9 = (01119)/ [{1_(1’611)}{1_(117’1)}{1'(1!8’1)}{1'(1!911)}]
= Po,1P19o/{(1-P1,6P6,1) (1-P1,7P7,1)(1-p1.ePs,1)(1-P1oPo.1)}

Vo7

Mtsf (To): The regenerative un-failed states to which the system can transit (initial state ‘0’), before entering any failed state are:
i’ =0,1 taking ‘€’ = ‘0’.

sr(sff) sr(sff)E)}
MTSF (To) = Zl sr I'[ ‘ - l

1-
115{1 Vg ) Lsr nmug{l Vigmz)

To= (Vo,0u0tVo, 1)/ {1-(0, 1, 0)}

Availability of the System (Ao): The regenerative states at which the system is available are ‘j” = 0, 1 taking base state ‘€” = ‘0’
the total fraction of time for which the system is available is given by

st sy,
et
Ao=[Z Ve fimsl = [ZiVes, £ mi]
Ao = (Vo, o0Mo+Vo, 111)/D
Where D = Vo,0lotVo, 1M1+ Vo, 22+ Vo 313+ Vo apat Vo sps+ Vo sHet Vo, 7147+ Vo get Vo ol

Busy Period of the Server: The regenerative states where server is busy are j = 1 <1 <9 and taking & = ‘0, the total fraction of
time for which the server remains busy is
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STr—s :
Bo= [Zj,sr {H (PrET )i }

my ¢ {1-Vingmy }

- [Zi,sr {1‘[

Bo=[Z) Ve my] + [Zi Ve, uii]

(pr&yunf

mu;{l—Vm}}]

Bo= Vo,1p1+Vo 22+ Vo stz Vo apa+Vo sps+Vo slet+ Vo 717+ Vo 8Hs+Vo oHle

Expected Number of Inspections by the repair man: The regenerative states where the repair man visits a fresh are j = 1, 2, 3,
4, 5, taking ‘€’ = ‘0’, the number of visit by the repair man is given by

{pr& i} .
Vo= . > 7 ER .
o v M

Vo = [ZJ Vf.j] - [Zl Vf,i uuil]

{pr& " Dind

ey e 1Vig T )

Vo= (Vo, 1,1+ Vo, 2021 Vo, 33+ Vo, 4uutVo, 5pis)/D

|

Sensitivity Analysis: Effect of failure rates of units on system parameters and varying repair rates, we have
MTSF (To): For fixed failure rates

Table 5: MTSF (To) Table

hi hy h2 hs hg hs
0.80 2.56 2.56 2.56 2.56 2.56
0.90 2.56 2.56 2.57 2.56 2.56
1.00 2.56 2.56 2.573 2.56 2.56
2.575
2.57
11
2.565 —h
h3
2.56 e o o ha
w15
2.555
2.55 T T |
0.8 0.9 1

Fig 2: MTSF (To) Graph

On watching the table and graph drawn for fixed failure rates of units (taking failure rates of units (m; =
repair of units, it is concluded that there not much gain in the value of To, however there is a slight increase in the value of To an
increasing repair rate of unit ‘A’. Hence it is recommended that there is no benefit in the value of To on increasing the repair rates
of units i.e. increasing repair rates of units will not contribute much in the value of To.

Table 6: Availability of the System Table

0.10 [ ‘1’) and varying

hi h1 h ha ha hs
0.80 0.717 0.717 0.717 0.717 0.717
0.90 0.717 0.717 0.720 0.717 0.717

1 0.717 0.717 0.722 0.717 0.717
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0.723
0.722
0.721

0.72 —t—h1
0.715 ——h2
0.718 h3
0717 r = o =>=h4
0.715 =¥=hs
0.715
0.714 . . :

08 0.3 1

Fig 3: Availability of the System Graph
Keeping failure rates of units fixed (mi = 0.10 [] ‘i’) and increasing repair rates of units, there is no gain in the value of Ag as is
observed from the table and graph. Hence systems have fixed Ao for fixed failure rates of units and are independent of the repair
rates of units. However there is a small gaining Ao on increasing repair rate of unit Ao.

Table 7: Busy Period of the Server Table

hi hy h hs hg hs
0.80 0.357 0.357 0.357 0.357 0.357
0.90 0.357 0.357 0.353 0.357 0.357
1 0.357 0.357 0.348 0.357 0.357
0.358
3 = 25
0.356
0354
1
0.352
0.35 h3
0.3438 h4
0346 =¢=hs
0344
0342 T T !
08 09 1

Fig 4: Busy Period of the Server Graph
Keeping failure rates of units (mi = 0.10 (7 ‘i*). There is not much significance reduction in bus period of the server on increasing
the repair rates of units, except or unit ‘A’ there is a marginal reduction in value of By is clear from the table and graph drawn.
Hence better/ repair expert facilities are of not much use.

Table 8: Expected Number of Server’s Visits Table

hi h1 h2 hs hg hs
0.80 0.331 0.331 0.331 0.331 0.331
0.90 0.331 0.331 0.327 0.331 0.331

1 0.331 0.331 0.322 0.331 0.331
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0332
Fr o i
0.33
0.328
0.326 —+=nl
—8—h2
0324
h3
0.322 ha
i |1 5
0.32
0.318
0.316 : : :
08 09 1

Fig 5: Expected Number of Server’s Visits Graph

Fixing failure rates of unit at 0.10 and increasing the repair of individual units, table and graph for values of Vy is drawn, which
shows that better repair facilities do not reduce the value of Vo, there is a very small scope to optimize value of Vo with the
increase in repair rate of unit ‘A’ or we can say that value of Vo may solely depend on failure rates of units.

Effect of failure rates of units on system parameters
For fixed repair rate h; =0.80 [ i

Table 9: MTSF (To) Table

mi m1 m ms m4 ms
0.10 2.56 2.56 2.56 2.56 2.56
0.20 2.11 2.11 2.31 2.11 2.11
0.30 1.69 1.69 2.25 1.69 1.69

3

25
2 =i 1
=l 7

15
m3
] 4
=—E=m5

0.5

il T T ]
0l 0.2 03

Fig 6: MTSF (To) Graph

On moving from top to down in table and from the graph it is concluded that value of T, decreases with the increase in failure
rates of value units, but is least effected with the increase in failure rate of unit ‘A’, as on failure of unit ‘A’ alternatively dung is
managed manually. For a good system value of T, should be as large possible, hence it is recommended that unit B, D, E, F
should be best in quality and design as for as possible.

Table 10: Availability of the System Table

mi mz ma m3 ma Ms

0.10 0.717 0.717 0.717 0.717 0.717
0.20 0.669 0.669 0.675 0.669 0.669
0.30 0.623 0.623 0.639 0.623 0.623
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074
072
07
0.68 —4—m1
0.66 \ —— 12

0.64 \\. -
0.62 m4

0.6 T 5

0.58

056 T T )
a1 0.2 0.3

Fig 7: Availability of the System Graph

From the table and graph, we see that keeping repair rate of all units fixed and increasing failure rates of units. There is decrease
in the value of Ag but is least effected with the increase in failure rates of unit ‘A’ over the others. For an idea system value of Ag
should be as large as possible hence failure rates of units should be very small or which all units of the system should be best in
quality and design or best value of Ao.

Table 11: Busy Period of the Server Table

mi ma ma m3 ma ms
0.10 0.357 0.357 0.357 0.357 0.357
0.20 0.402 0.402 0.402 0.402 0.402
0.30 0.441 0.441 0.441 0.441 0.441
0.5
0.45
0.4
0.35 mi
6.3 =l 2
0.25 m3
6.2 i 11
0.15 m5
01
0.05
0 T T |
0.1 0.2 0.3

Fig 8: Busy Period of the Server Graph

For a good system value of B should be as small as possible, from the table and graph we see that value of By, increase with the
increase in failure rates of units and also increases by equal proportions, so keep value of B, small failure rates of all units should
be as small as possible for which management should arrange and provide all units of best in quality and design, which may
increase the cost for best values of Bo.

Table 12: Expected Number of Server’s Visits Table

mi mz m2 ms m4 ms
0.10 0.331 0.331 0.331 0.331 0.331
0.20 0.366 0.366 0.366 0.366 0.366
0.30 0.403 0.403 0.403 0.403 0.403
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D.45
0.4
0.35 R—’/
0.3 ——m1
0.25 =l=m2
0.2 m3
0.15 md
0.1 o 11 5]
0.05
0 . ; .
01 0.2 03

Fig 9: Expected Number of Server’s Visits Graph

For a system of repute value of VO should be as small as possible as large value of VO will increase the maintenance cost and
being bad name to the industry. From the table and graph it is observed that value of VO increases with the increase in failure rates
of units (keeping repair rates fixed). Moreover, increase in failure rates of individual units, increases the value of V, by equal
proportions. So for an ideal system it is recommended that to keep value of Vo smallest possible, all the units should be best in
quality and design with lowest possible failure rates.

Conclusion

Over all it is concluded that for optimum values of system parameters, all units should be best in quality and design with smallest
possible failure rates. Improvement in repair facilities does not have more significant contribution to optimize the system
parameter values.

References

1.

o

10.

11.

12.

13.

Kumar J, Kadyan MS, Malik SC, Jindal C. Reliability Measures of a Single-Unit System Under Preventive Maintenance and
Degradation With Arbitrary Distributions of Random Variables, Journals of Reliability and Statistical Studies. 2014; 7:77-88.
ISSN 0974-8024

Liu, R, Liu Z. Reliability Analysis of a One-Unit System with Finite Vacations, Management Science Industrial Engineering
(MSIE) International Conference, 2011, 248-252.

Malik SC. Reliability Modeling and Profit Analysis of a Single-Unit System with Inspection by a Server who Appears and
Disappears randomly, Journal of Pure and Applied Mathematika Sciences. 1976; 67(1-2):135-146.

Nakagawa T, Osaki S. Reliability Analysis of a One-Unit System with Un-repairable Spare Units and its Optimization
Application, Quarterly Operations Research. 1976; 27(1):101-110.

Goel P, Singh J. Availability Analysis of A Thermal Power Plant Having Two Imperfect Switches, Proc. (Reviewed) of 2"
Annual Conference of ISITA, 1997.

Gupta P, Singh J, Singh IP. Availability Analysis of Soap Cakes production System-A Case Study, Proc. National Conference
on Emerging Trends in Manufacturing System, SLIET, Longowal (Punjab), 2004, 283-295.

Kumar S, Goel P. Availability Analysis of Two Different Units System with a Standby Having Imperfect Switch Over Device
in Banking Industry, Aryabhatta Journal of Mathematics & Informatics. 2014; 6(2):299-304.

ISSN: 0975-7139

Gupta VK. Analysis of a single unit system using a base state: Aryabhatta J. of Maths & Info. 2011; 3(1):59-66.

Chaudhary Nidhi, Goel P, Kumar Surender. Developing the reliability model for availability and behavior analysis of a
distillery using Regenerative Point Graphical Technique.: ISSN (Online). 2013; 1:26-40, 2347-1697.

Sharma Sandeep P. Behavioral Analysis of Whole Grain Flour Mill Using RPGT. ISBN 978-93-325-4896-1, ICETESMA-15,
2015, 194-201.

Ritikesh Goel. Availability Modeling of Single Unit System Subject to Degradation Post Repair after Complete Failure Using
RPGT. ISSN 2347-8527, September, 2015.

Goyal Goel. Behavioral Analysis of Two Unit System with Preventive Maintenance and Degradation in One Unit after
Complete Failure Using RPGT. ISSN 2347-8527. 2015; 4:190-197.

Yusuf I. Availability and Profit Analysis of 3-out-of-4 Repairable System with Preventive Maintenance, International Journal
of Applied Mathematical Research. 2012; 1(4):510-519.

~606~



