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Abstract: Problem statement: The purpose of this study was to compute fuzziabéity and fuzzy
availability of the serial process in butter-oibpessing plant for various choices of failure agjlair
rates of sub-system. This plant consists of eights/stems out of which two are supported by stand-
by units with perfect switch over devices and cdesed that these two sub-systems never fail. The
effect of coverage factor on the fuzzy availabibifgo studiedApproach: In this study the chapman-
Kolmogorov differential equations were formed usmgemonic rule from the transition diagram of
the butter-oil processing plant. These equationeveelved for steady state recursively and results
were obtained by computer prograResults. Result in the study analyzed fuzzy availability fo
various values of system coverage factor, failum@ @epair rates. Industrial implications of theules
also briefly discussedonclusion: The findings in the study suggested that the mamagt of butter-

oil processing plant’s sensitive sub-system is irtgrd to improve its performance.

Key words. Manufacturing system, modeling, markov procesisgzy reliability

INTRODUCTION lighting lamps replacement. Cat al.”! applied this
concept for evaluating fuzzy reliability modelind o
Conventional reliability theory considers the gracefully degradable computing systems.

assumptions of the probability theory and the hinar Pandeyet al.”! also found the profust reliability of
states of a component/system as working or faigfd. a gracefully degradable system. In this study, we
late, there has been tremendous growth in the @frea propose to solve the governing differential equegiof
fuzzy set theo®. This has changed the basic scenariche system to find the profust reliability and fyzz
in reliability and concerned theories. Though availability of the serial processes in butter-oil
conventional reliability theory cannot be ignoréuzzy  processing plant using both failure and repairstate
reliability theory also needs to be considered @loith  any subsystem fails, then the system will immedtjjate
it. In this study, fuzzy reliability refers to prdt take reconfiguration operation within no time. The
reliability. Profust reliability approaétf®'®*is based reconfiguration operation will detect and remove th
on the probabilistic assumption and the fuzzy statdailed subsystem from the system, however; all the
assumption. The failure behavior of the systemuily f  other operating subsystem will continue to opesatét
assumed to follow probability measures. The system’is. The probability of successful reconfiguration
operating and failed states are described by fatags. operation is defined as coverage factor. We detinite
The system can be in any fuzzy state at any gie@ntp reconfiguration parameter or system coverage fdnjor
of time. The system'’s failure or success is viewed c¢. The major motivation of this study is to bringzty
fuzzy way. Many researchers applied this concept omeliability theory into a real-world applicable
various systems. Chowdhury and Mi8raresented a maintenance problem.
method to find an expression of fuzzy system rdltgtb
of a non-series parallel network taking into MATERIALSAND METHODS
consideration the special requirements of fuzzy.set
Zuand” presented a method of reliability analysis in The reliability can be interpreted as the prohgbil
the Fresence of fuzziness attached to operating.timthat no transition occurs from the system succesds s
Caf”! described a method of fuzzy reliability for street to the system failure state. Evidently, in the pres of
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fuzziness attached to the system states, both the Let:

definition of system failure and that of reliabjlshould

be modified. In response to this requirement, WeVF/S(SiF

introduce the concept of fuzzy reliability:

He(S)

— 5
He(S)+Hs(S) ©)

Suppose a system with n topological (non-fuzzy)

states,S ,...,S.
Let U

{S.,S,,....§ Jdenote the universe of

Then y.4(S) can be interpreted as the grade of
membership of S with respect to S to F. it is

discourse. On this universe we define a fuzzy ssce feasonable to say that the transition fronoS§ makes

state:

S={(S K. (§))i= 1.2, @)
and a fuzzy failure state:
F={(SH.(§))1i=12..n @

where, Ué($) and U&(S) are the corresponding

membership functions, respectively. In the conwerai
reliability theory, one is interested in the evepit

the transition from S to F occur to some exterdantl
only if the relationy,4(S;)> vy 4(S;) holds. We therefore

define:

yF/S(Sj)_ yF/S(S| ) Whenﬁs ($ > Ygs ($
0 otherwise

Mo, (my)= { (6)

Then the fuzzy interval reliability can be expetss
as:

R(to,t, + )=1-3" > u,_ (m;)Pr

=l =1

{m,occurs during[ ¢ , ¢+ |t

)

transition from the system success state to system

failure state. Accordingly, here we are interestethe
event, denoted by gf of the transition from the fuzzy
success state to fuzzy failure state. Assume that t

where, m is confined to be the transition fromts §
without passing via any intermediate state.
Let ty = 0; we have:

universe U or the behavior of n system states is

completely stochastically characterized in the timeR(t:%*1)=R(t)

domain, we define:

T, does not occur in

the timeinterva[ § , $+ ]t} ()

R(ty, t, + 1) = Pr{

R(ty, tott) is referred to as the fuzzy interval
reliability of the system in {t to+t]. To compute the
fuzzy interval reliability, we must expressseI Since
both S and F are fuzzy states, the transitions dxtw
them are consequently fuzzy and thugs Tan be
viewed as a fuzzy evédt Apparently &= may occur
only when some state transition occurs among the
system statgs,,S,,...,S }, SO Tse can be defined on the

universe:
Ur; ={m,i,j =1,2,...,n} (4)

where, m represents the transition from statet®§
with membership function:

{be (Mmy)ij=1,2,..,n}

i.e., Tee ={m, 1y (My),i,j=1,2,...,n}.
66

®)

R(t) is referred to as the fuzzy reliability ofeth
system at time t. Here it is necessary to pointtbat
the applicability of (4-6) is not confined to theea of
reliability research. [They can be used to defimy a
transition between two fuzzy states, provided that
recall that a transition between two fuzzy stasgsist a
fuzzy event]. Equation 4-6 are a foundation for
characterizing the behavior of fuzzy stochasticcpss
with fuzzy states. [For the reliability purpose, we
generally, but not necessarily, definep:(S) = 1-pé(3)

h=1,2...,n].

Suppose that without passing via any intermediate
state, $can not go to other states excepi &nd
p;(Sj)< u&(Sj_l) forj=1,2...n.

Then we have:

M.y, OCCUrS

n-1
R(t,,t,+t)=1- My JPR
(tyto+ 1) ;UE;( (1)) {dunng[g,(ﬁt]}
Suppose at timg the system is in,S Then at time
tot+t the system is in;Smplies that my,.1)...M;:1); have
occurred duringg,,t, +t] . So:
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M,y 0CCUrS i attimet + tth granules. The buttermilk produced in this process i
{during[to {+ t]}: { ? pumped back to raw milk silos and the butter grasiul

are further processed in the machine so as to get
homogeneous mass of butter. The homogeneous butter

= systemisin S

Also we note that: is taken out from machine into butter trolleys and
shifted to melting vats. The CBM consists of gearbo
Mo (M) = e (My )+ b (M) motor and bearings in series.
if L(S)<u(§)<u-(§) Sub-system D (Mé€lting vats): This sub-system
F F F

consists of a double-jacketed storage tank. Butter
melted in this research at about 107°C very gesly
that the water evaporates from the melting buffbe

Then we have:

R(t,,t, + t)=1—n§uT (mnj).pr{at tme g+ “h? melting butter is then allowed to remain undistatber
=R systemis in S 9 about half an hour. This sub-system consists of
n-1 attime ¢+ t ©) monoblock pumps, motors and bearing in series.
= ZHCTSF(mnj)'Pr{ . ;
= the systemis in,

Sub-system E (Butter-oil clarifier): Butter-oil from
melting vats is taken out into butter oil settlitapks
where it is allowed to settle for a few hours. Afthis
c Al —— the fine particles of butter-oil residue are renthfr®m
Wi (M) == (M )iy = 1 2.1 (10) the butter-oil and then butter oil is stored inrage
tanks. Now, it is cooled to a temperature of 28c30°

Thesg_stem, notBatltE{)nsa_rlwd as&m';pnton_s Intr:|s ?wd%_ hsuitable for storage of butter-oil. This sub-system
we ~discuss butter-oll manufacturing - piant  WhiCh o, hqists of motors and gearbox in series.

consists of eight sub-systems out of which two pump

and chiller are supported by stand-by units witfem  Syb-system F (Packaging): In this sub-system the
switch over devices and considered that these tWQacketS of processed butter-oil are created using a
systems never fail. The mathematical modeling ispouch-filling machine. It is fill, flow and seal ematic
carried out for the remaining six sub-systems #/@ machine. This sub-system consists of printed dircui
prone to failure: board and pneumatic cylinder in series.

Where:

Sub-system A (Separator): Chilled milk from the Mathematical formulation of the system: To
chiller is taken to the cream separator, where &€s  determine fuzzy reliability and long run fuzzy
separated from the milk in the form of cream cantaj  availability of a butter-oil manufacturing planthet
40-50% and the remaining skimmed milk is stored inmathematical formation of the model is carried out
milk silos for preparing milk powder. It consist$ 0 ysing mnemonic rule for six sub-systems.
three components in series, namely, motor, bearings
and high-speed gearbox. Transient state: In order to find fuzzy reliability of this

] system, we have formed a system of linear difféaént
Sub-system B (Pasteurizer): Cream from the separator equations using mnemonic rule from the transition
is pasteurized in this sub-system. Pasteurizasotheé  giagram. According to this rule, the derivative the
process of heating every particle of cream to BS8| propability of every state is equal to the sum bf a
than 70°C. Its purpose is to destroy pathogenigyopability flows which comes from other stateshe
organisms, to inactivate the enzymes present and gven state minus the sum of all probability flows
make possible removal of volatile flavors. There ar yhich goes out from the given state to the othatest
two pasteurizers working in parallel. If one fatt®e  The differential equations formed in this way are
system works in reduced capacity. The pasteurizefinown as the Chapman Kolmogorov differential
cream is stored in double-jacketed cream storagle ta equations. Now the first order differential equatio
for further processing. associated with the transition diagram (Fig. 1):

Sub-system C (Continuous butter making): Cream

from the cream storage tank is pumped into the
Continuous Butter Making machine (CBM). The cream
is churned in this machine in order to get butter BP0 +BF (D+B:F (O
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O Good state
S ABCDES |ABCDE£ l ‘ ABCDeF | € Reduced state

3 Siz S1a [)Failed state

Fig. 1: Transition diagram

dp, (t)+Y P,(1) = 20,0P (- B, R (0B, R (1 w2 system are obtained from the condition

whent _, oo,ﬂ - 0. In this state, Eq. 11-15 reduce to the
+ B3P (1) + B4R (D+ B 5P, (1B 6P (E dt

following system of equations. Here, we have used P

dR (1) for P(t- ) i=1,2 ......... 13:

dt

+BP()=0,(1- g R (1) (13)

Y1Py B2P2+B1Ps+BaPa+B4Ps+BsPs+BeP7
. (t) YoPs 20,CPy+B1Ps+B,Pg+B3P1o+B4P11+B5P1o+BsPia
|+ [3| P41 (t) o ( ) E’(t) i=3 4,5, (14) B]_P3 = Os (1-C) Pl
BiPui=0i(1c)R,1=3,4,56
BiPrni=0i(1-c)RB,i=1,2,3,4,5,6

7+| (t) BI T+ (t): ai (l_ C) F2> (t)’ i= 1’ 2' 3’ 4’ 5’ (15)

Let:
Where: 5 =% ((@- c) —12..6
' B
20,c+0,(1- J+o,(1- 9+ ) ) )
Y, = Solving these equations recursively, we get:
o, (1-c)+og(1- g+o,(1- g
P, = 2kc Rwhere, k=%
Y2 = [Boo (1-6) 40tz (1-6) 4ats (1-) +ay (1-C)ats (1- _ Bz
c)+ag(1-0)] Ps =38R
P = OP ,i1=345,¢
With initial conditions: Py = 2k061p1 i= 12 3 4,5,
Pc(0)= 1,ifk=1 Now, using the normalizing condition:
0, Otherwise
13
The fuzzy reliability Rgt) of the system can be > PR=1
computed by: =
Ree(=R(D+1 R () We get:
Steady state: In process industries, management is P =[(1+ 2Ke)(1+ 8, +8,+3,+8,+8, )+ 2k

generally interested in the long run fuzzy avalisbbf
the system. So the steady state probabilities ef th  Now we know long run fuzzy availability
system are also needed. Steady state probabditik®e A () can be calculated using:
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A(es) =P, + P, Effect of failure rates of separator and Continuous
o Butter Making (CBM) on long run fuzzy
availability: The effect on the system is studied by
RESULTS varying the values ofa; and as. Let the values

Numerical analysis: The effect of various parameters bea = 0.0027 .04 = 0.0009,05 = 0.0027 0 = 0.0055,
on fuzzy availability is studied for steady staethe P = 0-41, B2=0.40, B3 =0.67, B, = 0.33,85 = 0.67,
failure, repair rates and coverage factors areealtehe Be = 6.00.

fuzzy availability is affected. This effect is shovin

Table 2: Fuzzy availability corresponding to faflurrates of
Table 1-3. separator and melting vats
Table 1: Fuzzy availability corresponding to faduates of separator %4 i~
and CBM 0.006 0.007 0.008 0.009
c=0.0
L 0 di ~ 0.0010 0.969821 0.967532 0.965254 0.962987
_ 0.006 0.007 0.008 0.009 00012 0969251  0.966965  0.964690  0.962425
c=00 0.0014 0.968682 0.966399 0.964126 0.961864

0.0050 0971090 0968795 0966512 0.964239 5515 (9pg114  0.965833  0.963563  0.961304

00052 0970809 0968515 0966233  0.963961 o0
00054 0970557  0.968235 0.965954 ~  0.963684 15 0972018 0969947 0967885  0.965831

00056  0.970246 0.967956 0965676 0963407475515 0971503  0.969434 0967374 0965322

c=0.1
Gooso  osren  ogries  oswsts  oseong SO0 DSOS 0ol Gseenis  gtesls
0.0052 0.972986 0.970912 0.968845 0.966766 - : ) : :

' c=02
0.0054 0.971971 0.970623 0.968593 0.966537
0.0056 0.971689 0.970405 0.968341 0.966286 0-0010 0.974234 0.972382 0.970538 0.968701

c=02 0.0012 0.973773 0.971924 0.970081 0.968246
; 0.0014 0.973313 0.971465 0.969624 0.967791
0.0050 0.971815 0.964926 0.968138 0.966311

0.0054 0.969855 0.973100 0.971254 0.969414 €=03
0.0056 0.969630 0.972874 0.971042 0.969189 0-0010 0.976467 0.974838 0.973215 0.971597

c=03 0.0012 0.976062 0.974434 0.972812 0.971195
0.0050 0.977592 0.975971 0.974333 0.972712 0.0014 0.975657 0.974031 0.972410 0.970794
0.0052 0.977392 0.975740 0.974134 0.972514 0.0016 0.975252 0.973627 0.972008 0.970394
0.0054 0.977190 0.975561 0.973936 0.972316¢=04

0.0056 0.976992 0.975362 0.973737 0.972118 0.0010 0.978718 0.977314 0.975914 0.974518
c=04 0.0012 0.978369 0.976966 0.975567 0.974172

0.0050 0.979792 0.978385 0.976983 0.975584 0.0014 0.978020 0.976618 0.975220 0.973826
0.0052 0.979619 0.978213 0.976811 0.975413 0.0016 0.977671 0.976270 0.974873 0.973480
0.0054 0.979447 0.978042 0.976640 0.975242¢=05

0.0056 0.979275 0.977870 0.976469 0.975071 0.0010 0.980987 0.979811 0.978637 0.977466
c=05 0.0012 0.980695 0.979519 0.978346 0.977175
0.0050 0.982008 0.980774 0.979654 0.978480 0.0014 0.980402 0.979227 0.978055 0.976885
0.0052 0.981861 0.980685 0.979510 0.978337 0.0016 0.980110 0.978935 0.977764 0.976595
0.0054 0.981719 0.980541 0.979342 0.978194 c=0.6

0.0056 0.981575 0.980397 0.979223 0.978051 0.0010 0.983275 0.982328 0.981383 0.980440
c=0.6 0.0012 0.983039 0.982093 0.981149 0.980206
0.0050 0.984241 0.983293 0.982346 0.981402 0.0014 0.982804 0.981858 0.980915 0.979972
0.0052 0.984124 0.983177 0.982231 0.981287 0.0016 0.982569 0.981624 0.980680 0.979739
0.0054 0.984008 0.983061 0.982115 0.981171 c¢c=0.7

0.0056 0.983892 0.982945 0.981999 0.981056 0.0010 0.985581 0.984867 0.984154 0.983442
c=07 0.0012 0.985403 0.984689 0.983977 0.983265

0.0050 0.986490 0.985775 0.985061 0.984348 (.0014 0.985226 0.984512 0.983800 0.983088
0.0052 0.986402 0.985775 0.984974 0.984261 (0016 0.985048 0.984335 0.983623 0.982912

0.0054 0986315  0.985600 0984887 0984174 =08
0.0056  0.986227  0.095513 0.984799  0.984087 g g10 0.987905 0.987426 0.986948  0.986471

c=08 0.0012  0.987786 0.987308  0.986830  0.986352
0.0050  0.988756  0.988277 0.987798  0.987320 (g14 0.987667 0.987189 0.986711  0.986233
0.0052  0.988698  0.988218 0.987740  0.987261 g 514 0.987548 0.987070 0.986592  0.986115
0.0054 0988639  0.988160 0987681  0.987203 .- (g ' ' : :

0.0056 0988580  0.988101 0987623 0987144 444519 0990249 0990008  0.989767  0.989527

c=0.9
0.0012 0.990189 0.989948 0.989707 0.989467
0.0050 0.991040 0.990799 0.990558 0.990317 0.0014 0.990129 0.989888 0.989648 0.989407

0.0052 0.991010 0.990769 0.990528 0.990288
0.0054 0990981 0990740 0990499 0990258 00016 0990069~ 0.989828 ~ 0.989588  0.989348
0.0056 0.990951 0.990710 0.990469 0.990229 ¢=10 _— )

c=10 The value of fuzzy availability corresponding tb\adlues ofa, and

The value corresponding to all valuesafand a3 is 0.993340 04 is 0.993340
69
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Table 3: Fuzzy Availability corresponding to faduand repair rates
of Separator

1 Bl o1 —

0.006 0.007 0.008 0.009
c=0.0
0.41 0.968822 0.966538 0.964265 0.962002
0.43 0.969461 0.967281 0.965110 0.962948
0.45 0.970045 0.967958 0.965880 0.963812
0.47 0.970579 0.968579 0.966587 0.964603
c=01
0.41 0.971040 0.968973 0.966915 0.964865
0.43 0.971619 0.969645 0.967680 0.965722
0.45 0.972146 0.970258 0.968377 0.966504
0.47 0.972629 0.970820 0.969017 0.967221
c=02
0.41 0.973277 0.971429 0.969589 0.967755
0.43 0.973794 0.972030 0.970273 0.968521
0.45 0.974266 0.972578 0.970897 0.969221
0.47 0.974697 0.973080 0.971469 0.969862
c=03
0.41 0.975534 0.973908 0.972287 0.970672
0.43 0.975988 0.974436 0.972889 0.971347
0.45 0.976403 0.974919 0.973439 0.971963
0.47 0.976783 0.975360 0.973942 0.972528

0.006000 0.007000 0.008000 0.009000
c=04
0.41 0.977810 0.976408 0.975010 0.973616
0.43 0.978202 0.976864 0.975530 0.974199
0.45 0.978559 0.977280 0.976004 0.974731
0.47 0.978886 0.977660 0.976438 0.975218
c=05
0.41 0.980105 0.978930 0.977758 0.976589
0.43 0.980434 0.979312 0.978194 0.977078
0.45 0.980733 0.979661 0.978591 0.977524
0.47 0.981007 0.979980 0.978955 0.977933
c=06
0.41 0.982421 0.981475 0.980532 0.979590
0.43 0.982685 0.981783 0.980883 0.979984
0.45 0.982925 0.982063 0.981202 0.980343
0.47 0.983146 0.982320 0.981495 0.980672
c=07
0.41 0.984756 0.984043 0.983331 0.982620
0.43 0.984955 0.984275 0.983596 0.982917
0.45 0.985137 0.984486 0.983837 0.983188
0.47 0.985303 0.984680 0.984058 0.983437
c=08
0.41 0.987111 0.985633 0.986156 0.985678
0.43 0.987245 0.986789 0.986333 0.985878
0.45 0.987367 0.986495 0.986495 0.986060
0.47 0.987478 0.986643 0.986643 0.986227
c=0.9
0.41 0.989487 0.989247 0.989007 0.988766
0.43 0.989555 0.989325 0.989096 0.988867
0.45 0.989616 0.989397 0.989177 0.988958
0.47 0.989672 0.989462 0.989252 0.989042
c=1.0

The value of fuzzy availability corresponding tb\alues ofa; and
B1is 0.991884

Fuzzy availability Vs coverage factor
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Fig. 2: Graph of coverage factor and fuzzy availability for
separator and CBM

Fuzzy availability Vs coverage factor
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Fig. 3: Graph of coverage factor and fuzzy availability for
separator and melting vats

Let the values bea;= 0.007, a, = 0.0027,
a3 =0.0054, a, =0.0009,05 = 0.0027 0 = 0.0055,
Bl = 041,82 = 040, Bg = 067, 84 = 033, B5 = 067,
B¢ = 6.00.

This is shown in Fig. 2.

Effect of failure rates of separator and melting vats
on long run fuzzy availability: The effect on the system
is studied by varying the values af and a,. Let the
values bea, = 0.0030, a; = 0.0057, as = 0.0027,
Og = 00055,B1= O41,B2 = 040,83 = 067,B4 = 0.33,
B5= 067186 =6.00.

Now we will see the effect of system coverage
factor on the fuzzy availability. For this let thalues of
failure and repair rates are; = 0.008, a, = 0.0030,
o3 = 0.0057,a, = 0.0012, a5 = 0.0027, ag = 0.0055,
B1=0.41, B,=0.40,33=0.67, 34=0.33, 5= 0.67,
e =6.00

This effect is shown in Fig. 3.

Effect of failure and repair rate of separator on long
run fuzzy availability: The effect on the system is
studied by varying the values of; and (3;. Let the

Now we see the effect of system coverage factor omalues be a, = 0.0033, o3 = 0.0056,0, = 0.0014,

the fuzzy availability with the failure rates ofettsub-
system separator and continuous butter making.

70

os = 0.0027, dag=0.0055, B, =0.40,
B4=10.33,85=0.67,3s = 6.00.

B3 = 067,
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Fuzzy availability Vs coverage factor

sub-systems are almost equally effective. Numeric
results show that all the fuzziness, system cowerag
factor and maintenance have significant effectdhen

0 02 04 0.6 08 1 1.2
Coverage factor (¢)

Fig. 4: Graph of Coverage Factor and fuzzy avditgbi
for separator with different failure and repairest

fuzzy availability of butter-oil processing plant.

Hence, it is recommended that management should

pay more attention to sub-system A so that theailver
1 performance of the system may improve.
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Now we will see the effect of system coverage
factor on the fuzzy availability. For this let thelues of

failure and repair rates ame; = 0.009, a, = 0.0033, 1

o3 = 0.0056, a4 = 0.0014, as = 0.0027,04 = 0.0055,
B, =0.45,B3,=0.40, B3=0.67, B,=0.33, Bs = 0.67,
Bs= 6.00.

This effect is shown in Fig. 4.

DISCUSSION

3.

From Table 1, we see that as the failure rate of
continuous butter making machine increases theyfuzz
availability of the system decreases slowly andvéf
increase the failure rate of the separator the yfuzz
availability decreases rapidly corresponding as the
system coverage factor increases. From theiplot

Fig. 2 it is clear that as the coverage factorenses, 5

fuzzy availability increases. From Table 2, we He
as the failure rate of the sub-system melting vats

increases, the fuzzy availability of the systemrdases g

slowly but as we increases the failure rate of ghb-
system separator increases, the fuzzy availalufithe
system decreases rapidly. From the plot in Figt B,

clear that as the coverage factor increases, fuzzy,

availability increases. Table 3 shows that inczeims
failure rate of separator decreases the fuzzy atviéity
of the system rapidly and increase in the repaée cd

separator increases the fuzzy availability of thetem. g,

From the plot in Fig. 4, it is clear that as theyerage
factor increases, fuzzy availability increases.

CONCLUSION

Analysis of fuzzy availability of butter-oil

processing plant can help in increasing the pradoct 10.

of the butter-oil. A comparative study of Table &3d
Fig. 1-4 reveals that sub-system A, i.e., separaty
maximum effect on the long run fuzzy availabilitf o

the complete system. The effect of system coveragel.

factor corresponding to values of failure and repatie

of sub-system a on long run fuzzy availability pétem

has also been presented graphically in Fig. 4. tOthe
71
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