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Abstract: Traditional engineering methods for the
performance evaluation of manufacturing systems assume
that machine reliability parameters (Mean Time to Failure
and Mean Time to Repair) are precisely known. The
present study entitled “Performance Evaluation of
Beverage Industry in India”- A Case Study of Bilaspur
Beverage Private Limited Industry in India has been
undertaken with the object of analyzing and evaluating the
availability of plant. Studies in performance evaluation of
automated manufacturing systems, using simulation or
analytical models, have always emphasized steady-state or
equilibrium performance in preference to transient
performance. Manufacturing systems and models in which
such situations arise include: systems with failure states
and deadlocks, unstable queueing systems. This paper
proposes an approach for the performance evaluation of
unreliable manufacturing systems that considers uncertain
machine parameter estimates. The proposed method is
based on the markov chain and probability density
function  discretization  techniques for analyzing
manufacturing lines composed of unreliable machines. In
order to analysis the performance of plant, most useful
information has been gathered from the various systems
and sub systems to calculate long run availability of whole
system.

Keywords: Performance Evaluation, Steady State
Probabilities, Markov Approach, Transient Analysis.

I. INTRODUCTION

Manufacturing flow line systems consist of material,
work areas, and storage areas. Material flows from work
area to storage area to work area. It visits each work and
storage area exactly once in a fixed sequence, there is a
first work area through which material enters and a last
work area through which it leaves the system.
Manufacturing flow lines are also called transfer lines.
In this paper, we mainly use the term ‘reliability’, in
general can be defined as the probability of a system or
device performing its anticipated purpose adequately for
the intended period of time under the given operating
conditions. Reliability engineering had gained its
importance in recent years due to the good results.
Today the industries are of high concern with the safety
of their machines and also the uninterrupted working of
the system. So, the reliability engineering is an
important tool to compute and improve the systems
performance which is widely used now a days. Recent
studies by the researchers in the field of reliability/

availability/ maintainability proposed several methods
for industrial systems under maintenance. Reliability
and availability analysis can benefit the industry in
terms of higher productivity and lower maintenance cost
which is possible to improve the availability of the plant
with proper maintenance, planning, monitoring and
control. In fact, uninterrupted operation is an essential
requirement of large complex systems.

Il. SYSTEM DESCRIPTION

In this system, the prepared hot beverage is filled in the
rinsed bottles, where bottles are warmed by spraying hot
water before filling to prevent the cracks and then, filled
bottles are sealed in the next unit. The hot fill bottles
need to cool down at normal room temperature, so that
they are passed through cooling tunnel, which is divided
into four sections from higher temperature to lower
temperature region. When bottles are entered into the
tunnel, the water is sprayed around 55-50°C.
Temperature further declines in next stage up to 50-45°C
and it reaches the minimum temperature at the last exit
stage, it is around 35-30°C. After leaving the unit,
manufacturing date is printed on bottles by jet spray
machine. Further, bottles are settled down on the crates
which is self-supporting rectangular structure, often
made of wood, used for shipping of items from one
place to other place for dispatching.
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Fig. 1 Process flow Diagram
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1. NOTATIONS AND ASSUMPTIONS
Notations
Filling unit (F): One unit subjected to major failure only.

Sealing unit (S): One unit subjected to major failure
only.

Cooling unit (C): One unit subjected to major failure
only.

Date coding unit (D): One unit subjected to major failure
only.

Packing unit (P): One unit subjected to major failure
only.

A : Failure rate of F,S,C,D & P units,(i = 1,2,3,4,5).
ui = Repair rate of F,S,C,D & P units,(i = 1,2,3,4,5).
0: Represents the system/sub-system is operating.

r: Component/sub-system is under repair.

g: Component is working in good condition.
Assumptions

a) All the subsystems are initially operating.

b) All the sub-systems are initially in good state.

¢) Each unit has two states viz., good and failed.

d) It is also assumed that there is only one repair facility
and priority will be given to the sub-system F, S, C, D
and P for repair.

e) Each unit is good as new after repair.

f) The failure rates and repair rates of all units are taken
constant.

g) Failure and repair events are statistically independent.
IV. MATHEMATICAL ANALYSIS OF THE

SYSTEM
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Fig. 2 System state transition diagram
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Probability consideration gives the following first order
differential-difference equations associated with the
state transition diagram of the system.

Po(t) + (/11 + A+ A3+ A+ /15)P0(t)
= uaP1(t) + p2P2(t) + psP3(t)
+ ,U4.P4(t) + ‘U.5P5(t)

Po(t) + a1Po(t) = paP1(t) + p2P2(t) + usP3(t) +
HaPa(t) + psPs(t)(1)

Wherea; = A1+ A+ Az + A4+ Ag
P1(t) + uaP1(t) = 2Po(t)(2)

P2(8) + p2P2(t) = 22Po()(3)

P3(t) + psPs(t) = A3Po(t)(4)

P4(t) + paPs(t) = A4Po(t)(5)

Ps(t) + usPs(t) = AsPo(t)(6)

With initial condition at time t =0
Pi(t)=1 fori=0

Pi(t)=0 fori#0

Solution of equations

Taking Laplace Transformation of above equations (2),
(3), (4), (5) and (6), we get

Pi(s) = KiPy(s) Fori=1to5
Where
A A
K= - ) K, = 2
S+ U S+ Uz
A A A
K3= : )K4-= * 1K5= >
S+ U3 S+ U s+ Us

Taking Laplace Transformation of equations (1) using
initial condition
SPo(s) + a1Po(s)

= 1 + H1K1P0(s) + HszP()(S)

+ uzK3Po(s) + paK4Po(s)

+ usKsPo(s)
(S + al)Po(S) =1 + PO(S)(HlKl + ,leKz + ﬂ3K3

+ usKy + psKs)

Po(s) = {(s + a1) — (1K1 + p2Kz + psKs + paKy +
usKs)} H(7)
Laplace transformation of availability function A(t) is
give as
A(s) = Po(s)
Inversion of A(s) gives the availability function A(t)
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Now applying steady state condition on first order
differential-difference equation

When t - oo,
a”

From equation (1),

a1Po = u1Pq + UaPy + uzPz + paPy + psPs
Similarly, from equation (2) to (6)
n1P1=A1Po

H2P2=A2Pg

nzPs=AsPg

1aP4=A4Po

UsPs=AsPo

Further reducing these equations, we get
Pi=LiP, Wherei=1t05

Where

Li=M i

Using normalizing equation, when sum of all the
probability is equal to one i.e.

5
ZPi: 1
i=0

P0+P1+P2+P3+P4+P5=1

5
Ao
Py =1 +Z— ' 8
o=1[ 2 ] ®
i=1
The Overall steady state availability of the system when
running at full capacity is
AFC =P,
Where P, is given by equation (8)

5
AFC=[1+Z§]_1 ©)
=1

V. PERFORMANCE ANALYSIS

The effects of failure rate, repair rate and maintenance
rate of wvarious components and sub components
comprising the system are examined and their impact
are described in the below tables.

Results are obtained for performance analysis of frooti
preparation system.

(A) Effect of failure rate of filling unit on availability
AFC: Taking A, =0.01, 23 =0.012, 1, = 0.006,
As = 0.005, puy = 0.25, pu; = 0.20, us = 0.25, s =
0.35, us = 0.125

Table 1Steady state availability versus failure rate of
filling unit.

A 0.004 0.006 0.008 0.010

AFC 0.8539 0.8482 0.8424 0.8368

(B) Effect of failure rate of sealing unit on
availability AFC: Taking 4; = 0.004, 43 = 0.012,
Ay = 0.006, A5 = 0.005, py = 0.25, p, = 0.20, uz =
0.25, puy = 0.35, us =0.125

Table 2 Steady state availability versus failure rate of
sealing unit.

Az 0.01 0.02 0.03 0.04

AFC 0.8539 0.8190 0.7867 0.7570

(C) Effect of failure rate of cooling tunnel on
availability AFC: Taking 4, =0.004, 4, = 0.01,
A4 = 0.006, A5 = 0.005, p; = 0.25, u, = 0.20, ps =
0.25, puy = 0.35, us = 0.125

Table 3 Steady state availability versus failure rate of
cooling tunnel.

A3 0.012 0.014 0.016 0.018

AFC 0.8539 0.8481 0.8424 0.8368

(D) Effect of failure rate of date coding unit on
availability AFC: Taking 4, =0.004, 4, = 0.01,
A3 =0.012, A5 = 0.005, p; = 0.25, yu, = 0.20, s =
0.25, uq = 0.35, us = 0.125

Table 4 Steady state availability versus failure rate of
date coding unit.

As 0.006 0.008 0.010 0.012

AFC 0.8539 0.8497 0.8456 0.8415

(E) Effect of failure rate of packing unit on
availability AFC: Taking A, =0.004, 1, =0.01,
A3 =0.012, A, = 0.006, p; = 0.25, u, = 0.20, s =
0.25, uq = 0.35, us = 0.125

Table 5 Steady state availability versus failure rate of
packing unit.

As 0.005 0.007 0.009 0.011

AFC 0.8539 0.8424 0.8313 0.8203

(F) Effect of repair rate of filling unit on availability
AFC: Taking 1;=0.004, 1, =0.01, 13 =0.012,
Ay = 0.006, A5 = 0.005, py = 0.20, pusz = 0.25, uy =
0.35, us = 0.125
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Table 6 Steady state availability versus repair rate of
filling unit.

U1 0.25 0.50 0.75 1.0

AFC 0.8539 0.8598 0.8618 0.8628

(G) Effect of repair rate of sealing unit on availability
AFC: Taking A1;=0.004, 1, =0.01, 1; =0.012,
s = 0.006, A5 = 0.005, 3 = 0.25, us = 0.25, us =
0.35, us = 0.125

Table 7 Steady state availability versus repair rate of
sealing unit.

o 0.20 0.30 0.40 0.50

AFC 0.8539 0.8663 0.8726 0.8764

(H) Effect of repair rate of cooling tunnel on
availability AFC: Taking A4; = 0.004, 4, =0.01,
A3 = 0.012, A, = 0.006, As = 0.005, u; = 0.25,

Uz = 0.20, pq = 0.35, us = 0.125

Table 8 Steady state availability versus repair rate of
cooling tunnel.

4s ] 0.25 0.50 0.75 1.0

AFC 0.8539 0.8718 0.8779 0.8810

() Effect of repair rate of date coding unit on
availability AFC: Taking A; =0.004, A, =0.01,
A3 =0.012, 1, = 0.006, A5 = 0.005, u; = 0.25,

Uz = 0.20, us = 0.25, us = 0.125

Table 9 Steady state availability versus repair rate of
date coding unit.

Us 0.35 0.50 0.65 0.80

AFC 0.8539 0.8576 0.8596 0.8609

(J) Effect of repair rate of packing unit on
availability AFC: Taking A4; = 0.004, 4, =0.01,
A3 = 0.012, 1, = 0.006, A5 = 0.005, p; = 0.25,

uz = 0.20, us = 0.25, uy, = 0.35

Table 10 Steady state availability versus repair rate
of packing unit.

us | 0.125 0.250 0.375 05

AFC 0.8539 0.8688 0.8738 0.8764

VI. RESULTS AND DISCUSSION

The effect of failure and repair rates of various sub-
systems on the availability for transient state is
examined. From the results obtained through
performance analysis, it is found that increase in the
failure rate of filling unit, sealing unit, cooling unit, date

coding unit and packing unit reduce the availability of
the plant to greater extent. On the other side, with
increase in repair rate, the availability of the plant is
increased by 0.89%, 2.25%, 2.71%, 0.7%, 2.25% of
filling unit, sealing unit, cooling unit, date coding unit
and packing unit on increasing repair rate from 0.25 to
1.0, 0.20 to 0.50, 0.25 to 1.0, 0.35 to 0.80, 0.125 to 0.5
respectively.
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