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Abstract

A pharmaceutical plant may be considered to cons$igtany subsystem in non-series parallel netwerk i
bridge network. The study of fuzzy analysis carphelincreasing the quality and production of thenp The
mathematical model has been developed for the pldntthe help of Markov Proceds.the present
communication, first the available materials ardined followed by the methods for calculating ttepacities of a
pharmaceutical system and for comparing the reatdtslescribed.
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Introduction

The pharmaceutical industry is an important indaksector, both in terms of providing vital medies
for the well-being of people as well as being arplayer. In the 27 member states of the EuropeantJtiie
pharmaceutical industry directly employs over 500,people in about 4,400 companies manufacturingws
kinds of pharmaceutical preparations including wsex, homeopathic preparations, dental fillings and
bandages (Anon, 2010, 2011). Among these pharnmaakgireparations, parenterals (i.e. injectablegsyu
form a large and important group. Many vaccinesregailments such as tetanus, rubella, measlesyiimps
and hepatitis must be delivered to the body astalges. The importance of parenterals is furtthestrated by
a list of 306 essential drugs compiled by World lHe®rganisation (WHO) (Anon, 2011), of which abddt%
are injectables (Anon, 2011) requiring Water fgettion (WFI) as a delivery vehicle. In the futungectable
drugs may become even more prevalent as the vgsrityaof biopharmaceuticals in development or in
production must be injected into the bloodstreanal@lv, 2006, Ronald, 2008). This is because the cules
produced by biotechnology i.e. proteins, hormoned antibodies are generally speaking large molecule
(typically 100 to 1,000 times larger than drugsdabsn chemical synthesis), which often cannot ligeted to
the intended target via the oral route. In contthst small molecules based on chemical synthepisaiyy
allow oral route delivery (Walsh, 2006, Ronald, 200

Zadeh(1978) suggested a paradigm shift from tkerthof total denial and affirmation to a theory of
grading, to give new concept of sets called fuztg.9~uzzy sets can express the gradual transititre system
from working state to failed state. The crisp &etory only dichotomizes the system in working statd failed
state but fuzzy state theory can cover up all pisstates between a fully working state and cotajyldailed
state. This approach to the reliability theory mwn as profust reliability wherein the binary stassumption is
replaced by Fuzzy state assumption.
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The objective of the present research paper istudy the fuzzy analysis of Pharmaceutical plant. A
Pharmaceutical plant may consists of many subsygsteamely as Compression machine, Weighing machine,
Sifter machine, Mass Mixer, Granulator, Fluid Bexy&, Blender, Rotary machine, Coating machine Etese
units are arranged in non-series parallel i.e.deridetwork. Failure and repair rates of each subsysare
assumed to be fuzzy. The mathematical model ofptaet has been developed using Markov Process. The
differential equations have been developed withhibk of probabilistic approach with fuzzy failurates and
repair rates. Equations are being solved with #ip bf Laplace Transform. Observations of the presesearch
paper can be considered useful for the fuzzy aisabfshe Pharmaceutical plat considered.

FUZZY SETS: - A set is a well-defined collection of objects.hids a sharp boundary to distinguish which
element of the universe of discourse belongs tostteIn real life applications situations, it istrpossible to
distinct these elements by such a sharp layer @tieet uncertainty involved. A fuzzy set is a seit tbonsists of
the elements having varying degrees of belongirggimethe sets. So these situations may be betfaiard by
the fuzzy sets, the set which contains all the etgmof the universe but with different degreemefmbership.

A crisp set A may be defined over a univedanay be characterized by its characteristic fumctp, as

A={(x X ()}
Where x,: X - {01} is defined by
|1 ifxOA

XA(X)_{O if xOA
In analogy to the characteristic function, we cefiree a function called membership functipn: X - [0,1] to
characterize a fuzzy set defined over the univiras follows

A={(X, 15(x)) : x OX]

Where, p5(x) O [O, 1]

DEFUZZIFICATION: - In certain situations one needs a crisp output wieninput number is fuzzy.
Defuzzification is the tool that makes it possiilée have several methods of defuzzication in ttezdiure.
Here in this work we have used the centroid methduch is given by the following expression.

. I,u;\(x).x dx
X =
[ 1509 dx

WhereA is a fuzzy set, which is the union of two or mhrezy sets ieA= Z,L U ,&2 U---- Zh andJ is

a standard fuzzy union.
FUZZY NUMBERS: -
Fuzzy Numbers: A fuzzy setA defined onR must possesses the following properties to qualifya fuzzy
number.
(@) ua (X) =0for all xOJ (-e0. ] O [d, o)
(b) ua (X) is strictly increasing orc[ a] and strictly decreasing ob,[d]
(€) ua (X) =1 for allxd [a, b]
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Particularly it may beg= -coor a=b or b=d or d= . s (X) is @ membership function féx.
Trapezoidal fuzzy numbers: - If the membership function of a fuzzy number ipressed as below.
0 if x<aorx=a,

X~
a -
1 ifa,<x<a,
a, -
a ~ 8,

ifa, <x<a,
Uz (X) =

ifa35xsa4

X,a,,a,,a,,a, UR
Assumptions and Notations: -

(i) Initially all units of the system are in pect condition.

(i) When failure comes to some module the systemediately takes reconfiguration
Operation, with negligible time.

(iif) One repairman is available to repair one faumhodule at any time, except when
the system is fully failed.

(iv) Functioning of repaired unit (reconfiguratjas performed successfully.
(v) Repair rate is constant from statg¢dSS, or from Sto .

S : represents the system state that | active madwdeailable
(i=@1.).
Rt represents the probability that the systemai@s in state Si at time t.
(i=@1...).
C ; represents the system coverage factor.
U(s) : Fuzzy success state S with membership function.0,1,2,...).
H-(s) Fuzzy failure state F with membership functipn= 0,1,2,.....).
A Fuzzy failure rate.
7, : Constant repair rate

MATHEMATICAL FORMULATION AND SOLUTION OF THE MODEL:
The differential equations of the system are: -

P®+3Ap =up

B(t)+2Ap, = up,
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R (t)+ (A + 1) p, = 2Acp,
P({t)=A(-c)p,+2A(l-c)p,...+ ... (c P
p(0)=1

SOLUTION OF THE MODEL.: -

P(t) = g Mt (:Ijj(l_ ot )S—i

Rt =1-> R

Where, (Ej =- n -
I i'n-=i!

Now, we define one fuzzy success state S and @zg failure state F with membership function,

i
us(S)—n,u 0,12,......

Then, we have a transition from success to fastmees,

=0/ i >
Hr, (mij): /n :

0ifi < |

We havep, (0) =1, so the system profust reliability become,

RO=3 /R0
n! -
_Z —cn io-iat (n_ N (]_ e—m)

= N
The system profust avallablllty is also,

ZOEPILLIG

If the system success / failure is defined cleaely
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1:i
ILIS(SI)_{O,|S
_ 051 2
Ue (S)) = {1” <

Where k is some positive integer, then

R®) =Y R(O)

i.e. the system profust reliability reduces to slgstem probist reliability.

Fuzzy Reliability analysis:-
Equations are solved with the help of c-languaggmam with the parameters given below.
(/] =.00112 / hour, t=500 hours, c=0.8)

Time X(hours)

0 50 100 150 200 250 300 350 400 450 500
R(t) 1 0.9438 | 0.9177 | 0.87458 | 0.8475 | 0.8168 | 0.7877 | 0.7498 | 0.6985 | 0.6748 | 0.6412
Time X(hours)
550 600 650 700 750 800 850 900 8500 1000
R(t) 0.6128 | 0.5957 | 0.5876 0.5743 0.5585 | 0.5479 | 0.5397 | 0.5285 | 0.5212 | 0.5197
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Fig. 1 Curve indicating fuzzy reliability vs. time

Conclusion and Result discussion:-
In this present research paper fuzzy reliabilitynpater program has been described. There are gariou
advantages to use this method than others because

(i) Differential — Difference equations are easy tosalith the help of Laplace Transform.

(i) This methodology is very close to reality and thgults are clear to real life.

(iiResults are more accurate and very precise.

(iv) Failure and repair rates with membership functien\ery clear.
The methodology of the present research papemcaease the quality and production of the pharntadu
plant. The proposed method can be applied to congyetems with many sub states. This includesgelar
system of differential-difference equations. Usihig method one can easily study the fuzzy anabyfsis
reliability of the plant with respect to time. Frgul shows the variation of reliability with respeztime.
Initially fuzzy reliability decreases gradually Witespect to time and become almost stable aftey doiration

of time.
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