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Abstract

A proper maintenance strategy is essential for the optimal performance of poly tube manufacturing to
ensure high reliability. It involves a complex structure consisting of many components interconnected
in series or parallel configurations. This project’s contribution is the development of a method for
evaluating the performance of an industrial system using previously unknown data. The RAM index,
influenced by failure and repair rates, has been devised to identify the system’s most critical component
that impacts reliability, availability, and maintainability, collectively known as RAM. For performance
analysis, a Markov-based simulation system model has been formulated and resolved to refine the
results through particle swarm optimization (PSO). The transition diagram facilitates the construction
of ordinary differential equations (ODEs), which represent various operational states such as full
capacity, reduced capacity, and failure. These ODEs are then solved using initial and boundary
condition.

Keywords: Availability analysis, Supplementary variable Technique, Particle swarm
optimization (PSO),Critical Analysis.

I. Introduction

In contemporary settings, the advancement of technology has diminished the need for physical labor.
The creation of various machines and equipment results in less manual work and more precise
outcomes. Therefore, for optimal performance, the efficiency of this equipment is crucial, which relies
entirely on its operation and maintenance, as well as that of its components. Reliability can be defined
as the likelihood of success at a given time t, meaning the probability that a machine designed to
fulfill its function within a set timeframe under certain external conditions will do so successfully. A
system or device is considered highly reliable or dependable when it executes the intended task
flawlessly without encountering any issues. However, consistent usage of a system inevitably leads to
wear and tear of parts, meaning no system can maintain maximum efficiency indefinitely.
Consequently, a system's reliability and efficiency are compromised when specific components
deteriorate and fail. The motive of the study can help the manufacturing plant to get maximum
production by ensuring that the system is as fault-free as possible through effective management,
control and maintenance. This paper deals with the availability of the system having different
numbers for the rates of failing and repairing. For the first time, an evolutionary optimization
approach, namely PSO, is used to anticipate accessibility in the process sector. The existing methods
including Markov and Genetic Algorithm confirmed or validated the outcomes generated for
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optimum allocation/ availability. This is customary that these outcomes are valuable for the
management of the industry for adopting a suitable maintenance program and strategies.

Cox [1] employed a supplemental variable approach to determine the system's dependability and
availability. After that, many researchers reported the system's reliability via the supplementary
variable technique. Ying-Shen et al. [2] developed a series-parallel system to find the availability of
GA. Sagayaraj et al. [4] documented the system’s reliability via a mixed series-parallel combination.
The highest degree of dependability and availability is important not just to minimize total
production costs but also to limit the danger of risks (Yang et al., [5]). Chaudhary et al. [6] evaluated
the “reliability, availability, and maintainability” (RAM) in a cement factory with various failure and
repair rates. The study's goal is to identify essential subsystems of a cement plant so that effective
solutions to enhance their RAM characteristics can be offered, resulting in an improvement in cement
plant capacity utilization. TPP availability, dependability, and planning have transformed into
important needs in recent years as society's demand for energy has increased (Kuo and Ke, [7]). Sunita
et al. [8] discussed the sensitive analysis of the thresher plant under study. Sunita et al. [9] discussed
RAP via a constraint optimization genetic algorithm. Sunita et al. [10] find the solution to constrained
problems using particle swarm optimization. RAM (reliability, availability, and maintainability) of
threshing machines in agriculture was observed by Anchal et al. [11]. Vanita et al. [12] highlighted the
effect on profit and availability of a briquette machine under the minor and major faults handled by
two repairmen. An effort is also being made to assess the plant's dependability and reliability by
using continual failure and repair rates. A deep learning process was examined by Singla et al. [13] in
order to optimize the reliability parameters and boost industry revenues and manufacturing of a 2:3
good system. Singla et al. [14] investigate a failing system by applying a genetic algorithm to ascertain
the reliability metrics influenced by the rate of degradation and the rate of preventive maintenance.

So far, the polytube sector has received little attention, despite the fact that it plays a significant
part in our everyday lives. In any sector, this normality assumption for the rates of failing and
repairing are not feasible. Keeping this in mind, we analyzed a four-unit Polytube sector subjected to
fluctuating subsystems' failing and repairing rates in the current study, and we used supplementary
variable technique to explore the reliable model of the Polytube sector. An effort is also being made to
assess the plant's dependability/reliability by using continual failing and repairing rates.

The goal of the presented work is to maximize system's availability with respect to each unit
while maintaining constant operation over time and at varying rates. The goal of this work is to
concentrate on how sensitivity of units of the system is reliable to the availability. The paper is
structured as follows: Section 2 provides an explanation of the model's specifics, including the state
overview, assumptions, notations, and model frame. The mathematical representations is covered in
Section 3. The methodology used to know the effect different rates is presented in section 4. The
system's critical analysis is discussed in Section 5. Section 6 has concluded with the results discussion.
Presented in Section 7 is the conclusion.

II. Model descriptions and Symbols

2.1 System description

Due to the fact thatiron pipe corrodes rapidly in damp and humid environments, shortening its
lifespan and making that fragile and more leakage susceptible. Polytube industries, making plastic
pipes, is crucial in our daily lives since these are used to transport portable water, fluids (liquids other
than water and gases) from one location to another. This study aimed at the “Polytube industry”,
which is made up of four subsystems: “Mixture”, “Extruder”, “Die” and “Cutter” as shown in figure
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1. The following is a detailed system’s description along with the notations, as necessary for the
formulation of mathematical structure:

Extrusion Trifling
> Cutter

Mixer — je—)| Eyiridor —|se— Dye

Figure 1: Structure of Polytube Manufacturing Plant
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Figure 2 : Transitions States of Polytube Manufacturing Plant.
e Sub-system Q (Mixture) Its failure results in the system's total failure.
e Sub-system R (Extruder) Its failure results in the system's total failure.
¢ Sub-system S (Dye) This is utilized for making various diameters of pipe
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e Sub-system T (Cutter) This subsystem consists of 2 series - connected elements. The
first item is the blade, that shreds a pipe, while the 274 second
element is the engine (motor), that slice a pipe in various sizes.

2.2 Symbols
Table 1: Various notations regarding model
ORST Signif;i that the subsystem is fully
operational.
ST Designate the minimized configuration
’ of the subsystems "S" and "T"

st Designate the subsystem's failure
@IS, condition.
B:(DGi=1,..,4) Represents subsystem’s Q, R, S, and T

rate of failing respectively.

_ _ _ . Repair rates of Q,R,Sand T,

0y (), Vg 7), 15 (), andl oy (7, NP4 rates of @
respectively.

Specify fully operational system
F,(t) . .
without any failure

Represents the probability of the
P, (Z, 7 t) (=1..16) indl'lstry i‘n stat? I af time t, with an
expired failure time [ and an

elapsed time of repair L.

2.3 Assumptions

The current study is based on the following assumptions

e Repairing ((R,) and failing rates(F,.) are not dependent on each other ,independent to each other .
e A repairing subsystem is as good as original.

e Repair services are available.

III. Mathematical presentation of the system
3.1.Rates of Failing (F,)and repairing (R,) are taken as variable

If there are variable rates of failing (F.) and repairing (R,) for the transitory state, the differential
difference equation using Chapman Kolmogrov’s rule connected with the state transition diagram
(fig. 1) are as follow:

Po(t + At) = [1 — By (DAt — B (DAt — B3 (D) At—B,(1)At]Py () + f u (P (1,7, t)dl At
+fJT(r‘ﬁ)Pz(Z,rﬁ,t)det+f¢Q(171)P4(Z,fr’l,t)dZAt+f w, () Ps (I, t)dl At
Py(t + At) — Py(t)
= —[B. (DAt + B, (DAt + B5(D)At+B,(1)Ac] Py (1) + f p ()P, (1,78, t)dl At
+fJT(r‘ﬁ)Pz(Z,rﬁ,t)det+f¢Q(171)P4(Z,fr’l,t)dZAt+f w, () Ps (I, t)dl At
Dividing both sides byAt,we get
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Py(t + At) — Py(t)

At
= —[B.(D) + Bo(D) + Bs(I) + B (D)1P, (1) + fus(m)Pl(z“, i, t)dl
+ f o )P, (I, 7, £)dl + f 0y )Py (1,7, )l + f v, )Py (I, i, £)dl
|5+ 25| Po(t) = Eq 1)
Likewise, we may construct the differential equation for the other states as:
2+ 2+ Ly z(im)|P(Lmt) = E(Lmt) fori=12and3 )

8,0 , 0 - v o ¥ . .
wtataat ¢Q (m)] Pj(l, m, t) = ,Bl(l)Pk () forj=4,6,9 and 12 and k=0 to 3 respectively 3)

% + % + % + v (nvl)] B,(Im,t) = B,([)P.(t)  for p=5,7,10 and 13 and k=0 to 3 respectively 4)
% + % + % + 4 (r‘r’l)] PS(L m, t) =f3 (T)Pr(f, m, t) for s=8 and 14 and r=1 and 3 respectively (5)
% + % + % + GT(m)] Pu(lv, m, t) = ﬁ4(f)Pv (Z, m, t) for u=11 and 15 and v=2 and 3 respectively (6)
Where,
Zy = ﬂl(i) + ﬁz(lv) + ﬁ3(lv) + ﬁ4(Z)

E, = f p ()P (I, t)dl + f or(M)P,(I,m, t)dl + f 4, )P, (L,m, t)dl + f v, (M)Ps(1, 7, t)dl
Zy (L) = u () +B (1) + B2 (1) + B (1) + Ba(I)
E (L, t) = Bs(1)Py(t) + #, ()P (I, t) + y, ()P, (I, 7, t) + p, ()P (I, 78, t) + o7 ()
ZZ(l:'"Vl) = Ur(ﬁ{)+ﬁ1(0 +B.(D) + @3(0 +B.(0) ) ) )
E,(Lm,t) = B (1)Po(0) + ?, )Py (1,7, t) + w, ()P (I, t) + p,R)P3 (1,7, ) + op(m)Pyy (1,7, t)
Z3(L ) = or (M) +u; () + By (1) + B2(I) + B3(1) + Bu(D)
Es(Lm,t) = B (D)P (L, t) + Bs(DP, (L, t) + ¢, ()P (L, t) + v, (P13 (1, 77, )

+ u ()P (1,7, t) + or (M) Pys (1,1, t)

Boundary Conditions:

P,(0,m,t) = B, (lV)PO ® for a=1,2,4 and 5 and b=3,4,1and 2 respectively (7)
Py(0,7%,0) = [ Bo(D)Py (L%, ) dl + [ B5(D)P, (I, 7%, £)l] ®)
P.(0,m,t) = [ Ba(D)P, (I, 78, ¢) dl for c=6 to 8 and d=1 to 3 respectively )
R, (0,m,t) = [ B,(1)P,(I, 7, t) dl for 0=9 to 11 and p=1,2 and 4 respectively (10)
Py, (0,7, 8) = [ B, (D)Ps(I, 7, t) dl for ai=12 to 15 and a>=1 to 4 respectively (11)
Initial Condition:

p(I,m,0)=0; (i=1...15) (12)
Py(0) =1 (13)

For finding the systems’ reliability R, (t)), the solutions of differential equations (DE) (1-6) have been
obtained. Shakuntla et.al (2011) used Lagrange’s method to solve Chapman-Kolmogorov differential
equation (DE) with constant rates of failing and repairing. To obtain the probability P;(t)(i = 1... 15),
every state equation (2-6) and the initial conditions (7-11) were solved:

y . fﬁ4(m—DP3(z“,m—i,t—Z)dZ]
Ps(I,7,t) = e~/ orGmdm ; B 14
s(Lit) =e + [ Bo(D)Pa(L %, )eS ermamq] (14)
P. (Z m t) = o~ Jus(arm fﬂ3(m - DP3(1'77‘ -Lt— Ddl] (15)

e + [ Bs(D)Ps (I, 17, t)el #si™dmg]

) - fﬁz(rﬁ—Z)P3(Z,rﬁ—Z,t—i)di]
P.(L,m,t) = - [ wp()dm . b o 16
(L) = e T B (D)P;(I, 7, t)ed vaGmarig] (16)
[ By~ D)y (L — £ — i)di]

“ el 17
+ [ B (DPs(L 77, t)e! f™amg] -

PlZ(Z, n\/’l, t) = e_f¢Q(m)dTﬁ [
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; Ry fﬁ4(m—Z)P2(Z,m—Z,t—Ddz]
P, (I, t) = e~ Jortmam : e 8
11( m t) e [+fﬁ4(DP2(l’m: t)efoT(m)dmdl ( )
Y = i i —DP,(Lm—1t—1)dl
Po(I,,t) = e~/ vamarm fﬁz(mv ) VZ( m tv q v] 19)
v i —DP,(Im—1t-1)dl
P9(l,rﬁ,t) = ¢~ dolmyam [fﬁl(mv ) 2( m . (v)d)v v] 0)
+ [ B (DP, (1, m, t)e! ™M g]
7 —-DPlLm—1t—1Idl
Po(I 77, 1) = e~ [ Hspim)dm fﬁ3(mv 1 i v] 0
ol €) = e72ts + [ Bs(D)PL (L, m, t)el #stdmg] (21)
P7(Z, TYL, t) = e_fl//R(m)dm fﬁz(mv_ Z)Iil(l,ffl - l' t— Z) dlv] (22)
|+ [ Bo(D)Py (1,77, t) el vrmamq]
¢ [ - DP(Lm—1t—1)dl
Po(l, 7, t) = eI folmam I -0 1( . J (V)d)v ] (23)
[+ [ B G P, (I, 7, t)e! %™ g]
v _ Bo(m —1)Py(t = 1) ]
P l' V,t = f‘// (m)dm . o 24
sl €) = el |+ [ By (D) Py (t)e! vROMAmg] (24)
i [ i — D)Py(t — 1
(L, t) = e~/ fomdm ﬁl(f” ) Of( (v)zv ] 5
[+ [ B (DPy(£)e! M g]
- fE3(Z. 7, t)efz3(z,m)dldl“
Py(lm,¢) = e 0ma i [, (i = Dpy (L = Le =Dl 26)
| +[Bs(b— )P, (L~ 1Tt —1)
. i 7 [ z,(Im)dm g7
py(Li ) = o~ 7atmat | Bl e 2Emndl -
+B, (1 — DPy(t = 1)
. I 7 [ zy(Im)at
Py (L £) = o~ mbmpar | BB ) le] o8
+B3( — )Py (t — 1)
Py(t) = e %1 + [ Ey(t)eZotdt] 29)

If the manufacturing plant supply the rates of failing and repairing, we may find the reliability R, (t)

in concern to probability P, (t) & via equation (1). Hence, Reliability R,.(t) of manufacturing plant is

given by
Rye(t) = Po(t) + leil Pi(Z, m, t) dldm
3.2.FailureF, and R, Repair rates are constant

(30)

When both the rates of failing and repairing are consistent, the system of equations (1-6) collapses to

simple differential equations (DE) form, as shown below:

[£+ €| Po(t) = ugPr(8) + 0Py (8) + 4, Po(8) + v, Ps(0)

|5+ 115+ C| Pr(6) = BsPo(E) + §,Po(t) + Y P (6) + 115 Po() + 0P (6)

£+ 07+ C| Po(6) = BPo(£) + §,Po(t) + v Pro(t) + uP3() + 0Py

Lt op + g+ C| Po(t) = BuPy(8) + BsPo(8) + §,Pra(t) + wPrs +
UsP4(8) + orPys(t)

[% + ¢Q] Pi(t) = ByP(t) for j=4,6,9 and 12 and k=0 to 3 respectively
[% + l//R] B, (t) = B2 P (t) for p=5,7,10 and 13 and k=0 to 3 respectively
% + ,us] P.(t) = B3B.(t) for s=8 and 14 and r=1 and 3 respectively

[% + O'T] P,(t) = B,P,(t) for u=11 and 15 and v= 2 and 3 respectively

Where C=‘81 + ﬁz + ﬁg + ﬂ4
Initial conditions: The initial conditions of the subsystems are as under:
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1, i=0
Pi(0) = {0 , otherwse (39)

One can obtain the state probabilities P;(i = 1, ...,15) by solving differential equations (14-29)
along with initial boundations (30).

3.3.5teady State

Manufacturing firms are continuously looking for long-term availability in order to meet their goals.
This may be calculated numerically concerning % — 0 ast —» o into the system of equations (31-38)

therefore; the system of equations (31-38) reduces to the following system of linear equations:

[C]Po_ﬂsp1_UTP2_¢QP4_‘//RPSZO (40)
[ﬂS+C]P1_B3PO_¢QP6_'//RP7_,USP8_O-TP3 =0 (41)
[or + C1P,— 4Py — $oPo — WpPro — 1gPs — orPy; = 0 (42)
[GT + He + C]P3_34P1 — B3P, — ¢QP12 - l//RP13 - /JSP14 —orP;s =0 (43)
%Pj—[?IPk =0 forj=4,6,9 and 12 and k=0 to 3 respectively (44)
WePo—B2Pr = 0 for p=5,7,10 and 13 and k=0 to 3 respectively (45)
usPs—PB3h. = 0 for s=8 and 14 and r=1 and 3 respectively (46)
orB,—f4B, = 0 for u=11 and 15 and v=2 and 3 respectively (47)
The availability A,,(t) of the system can be computed as,

Agy(t) = X0 Pi(t) (48)

The system’s availability 4,,(t), specified in equation (48) is evaluated at different values for various
rates of failing and repairing. This might noticed here that we have only considered the most
important subsystems(Q, R, S, T)

At the final point, the steady state availability has been solved by using the system of linear
equations (31-38) recursively be expressing all the probabilities in terms of Py. These are obtaining as

below:

P; = N;P, fori=1to 3 (49)

P = %Pk for j=4,6,9 and 12 and k=0 to 3 respectively (50)
Q

P, = %Pk for p=5,7,10 and 13 and k=0 to 3 respectively (51)
R

P, = i_:PT for s=8 and 14 and r=1 and 3 respectively (52)

B, = i—:Pv for u=11 and 15 and v=2 and 3 respectively (53)

where

N_&+330’rﬁ4- N_&_I_,Usﬁzﬂ\HN _&N +&N

17y, "uuuy T2 T U, ugup, 3T Yy 2

HsPB3 orp. HsB3orPa
B Uy = g+ - e st
Uy S Uy U UU,

Now using the normalizing conditionsY.;>, P; = 1, we get

Uy =or+ug, Uy = or + B3 —

-1

P, =1 +ﬁ+5—2+(1 +ﬁ+&+&)N1 + <1+ﬁ+&+&)N2 + A+l By By Py (54)
¢Q YR ¢Q YR Hg ¢Q YR or ¢Q YR Hg or

As a result, the manufacturing plant's steady-state availability is attained as:

Agy(0) = ?:0 P, = [1+ N; + N, + N3]P, (55)

IV. Methodology used for availability analysis of poly tube plant using PSO
4.1.Introduction

Inspired by swarming behaviors found in nature, such as flocks of fish and birds, Particle Swarm
Optimization (PSO) is a potent meta-heuristic optimization algorithm, also called a stochastic search
algorithm, based on population dynamics. It is a computational method used to optimize the
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problem. It performs its task of optimization by improving particle solutions. This algorithm works
with some parameters, like particle size, population, position, velocity, search space, etc. In PSO, the
population, like the bird group, represents a swarm, and each member of the swarm represents a
particle. Every particle's movement is dictated by its local position. Each particle has velocities that
direct the flight of particles. The search space refers to the spectrum in which the technique calculates
the most effective regulatory variables. The value will be reset if the searching space is exceeded by
any particle's optimal control value.

4.2.Working procedure of PSO with an example

To better understand how PSO operates, let's look at an example. A flock of birds flying aimlessly in
an area, trying to find a single piece of food. Not a single bird is aware of the location of the food, i.e.,
they are aware of their progress in each iteration, even though they are unsure of the ideal eating
position. They launch themselves in different directions and adhere to the PSO's search plan, i.e.,
swiftly follow that bird that is close to food. Each particle or bird, starting from a randomly selected
population, moves through the searching space in randomly chosen directions while recalling its best
historical positions and those of its neighbors, i.e., the highest ranking globally. Follow that bird to the
global best position to obtain the optimal value, i.e., food.

4.3.PSO Algorithm Fundamentals

Step 1 Start
Step I Initializes particles with velocity vectors (#)and random positions
Step III Use of Fitness equation: Find out the fitness of the particles
Step IV Evaluate and Update p best and g best
Step V Numerically solved and updating of the position of the velocity vectors
Step VI Numerically solved and updating of the position of the velocity vectors.
Step VII Numerically solved and updating of the position of the particles.
Step VIII Termination Satisfies?
Step IX Stop.
Table 2 : Different notations used during Algorithm
i R.eprese?nts }.)article’s velocity vector i at time t in
dimension j.
r R.eprese.nts Particle’s position vector i at time ¢ in
dimension j.
; Represents particle’s best position i through initializing
Poestt  time tin dimension j.
J
The best position that any particle has had in the
Lyosrs neighborhood of particle i in dimension j initialization

through time t.

Designates the constants of positive acceleration that are
a;,and a,  employed to balance the social and cognitive aspects,
respectively.
¢ ¢ Time-dependent random integers drawn from a uniform
T and 1y o

distribution.
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Initialize Position r%,a a,, velocity ufs , evaluate gj; using % , Dyax =Max No. of

Dimensions, Pyq,y =Max No. of Particles , Ny, =Max.No.of Iteration

v

t=0

I d

v‘

Choose randomly r{; r{;
v

L= ]

g

=1

F

t+1 _ t i t i t
Hij — = Hij+aq s [Pgestt — rjlta, s [LBestt — 73]
t+1 t+,,t+1

Xij = Xij Hij

v

i=i+

ji+1

Yes

l No
Yes

i< Pyax t=t+1

No

evaluate gf; using r;

— At i Y 4
gbest,i - gij ,PBest,t - rij

t i
9ij <YBest,i

t i ;
v . — At i — .t
9ij <YacBest,i Yevest,i = 9ij Lpestt = Tij

Yes

t < Nyax

Figure 3: Flow diagram of PSO
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4.4. Availability analysis of the industry with various failure(F,) and repair(R;) rate.
After applying the methodology of PSO over the fitness function i.e. an equation(55) for

availability over different rate of failure and repair for each subsystem Q,R, S and T. We get
the following variation presented from table 3 to 6 and corresponds figure 4 to 7.

Table 3. Effect on Availability(Ag,, ) of Mixture with various combination of Failure (F,)and Repair Rate (R,.).

B1 Aay OT Aay
0.003122 0.31321 0.011276 0.50199
0.005446 0.30147 0.018296 0.66397
0.007046 0.25008 0.026777 0.70571
0.009462 0.14193 0.033979 0.81269
0.011776 0.13373 0.040393 0.85321
0.013864 0.13325 0.047671 0.93818
0.015398 0.08774 0.054925 0.95747
0.017696 0.07875 0.061103 0.99269

Table 4. Effect on Availability(A,, ) of Extruder with various combination of Failure (F,.)and Repair Rate (R;)

B2 Aav bq Aav
0.003517 0.31321 0.004498 0.40221
0.004683 0.27397 0.011015 0.52269
0.005914 0.15675 0.018255 0.59321

0.00665 0.13373 0.025938 0.64108
0.007282 0.102 0.032681 0.69269
0.008272 0.04782 0.039192 0.69269
0.009272 0.04782 0.046988 0.84675
0.010744 0.03037 0.053954 0.96397

Table 5. Effect on Availability(Ag,, ) of Dye with various combination of Failure (F.)and Repair Rate (R,.)

Bs Ay VR Ay
0.006091 0.37162 0.002535 0.57981
0.008081 0.31108 0.00958 0.62774
0.010847 0.24269 0.01655 0.67675
0.012656 0.19654 0.023479 0.74269
0.014349 0.08774 0.030528 0.8029
0.016375 0.06323 0.037996 0.86818
0.018533 0.05037 0.046239 0.89321
0.020701 0.11634 0.053487 0.90571
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Table 6. Effect on Availability(A,, ) of Die with various combination of Failure (F,)and Repair Rate (R,)

Bs Aay Hs Aay
0.007677 0.31321 0.003084 0.58774
0.008446 0.16134 0.010663 0.61221
0.009871 0.15675 0.017025 0.69682
0.010192 0.08774 0.024024 0.78571
0.011578 0.07981 0.031726 0.82397
0.012815 0.0629 0.037879 0.87321
0.013071 0.04774 0.044432 0.89269
0.014671 0.02037 0.051264 0.89408

RaeIeny

0.9950
0.8985
0.8020
0.7055
0.6090
0.5125
0.4160
0.3195
0.2230
0.1265
0.03000

Figure 4 : Effect on Availability(Ag, ) of Mixture

with various combination of Failure (8;)and Repair Rate (o).

fanaeneny
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0.6090
05125
0.4160
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0.1265
0.03000

Figure 5 : Effect on Availability(Ag, ) of Extruder with various combination of Failure

(B;) and Repair Rate (4,).
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Effect of Faiure and Repair rate of Dye on Avalability

0.9060
08170
0.7280

0.6390

0.5500
0.4610

0.3720

GRIBRY

0.2830
0.1940
0.1050
0.01600

Figure 6 : Effect on Availability(Ag, ) of Die with various combination of failure
(B3) and repair rate(yy).

Rynaeieny

Figure 7 : Effect on Availability(Ag, ) of Cutter with various combination of Failure
(Ba)and Repair Rate (u).

V. Critical Analysis

The Critical Analysis has been done to demonstrate the impact of the subsystem on the overall
system's availability than any of the other subsystems. Over long running of system ,How the
availability percentage increased or decreased of a unit with respect to failure or repair rate with
passage of time with comparison of other? To know the preference of subsystem to give more

attention to met the requirements up to more efficient level, a critical analysis has been applied on the
results obtain.

Table 7. Critical Analysis of system component for their available performance time

. Decreases in . Increase in .
Svst Failure Availabilit Repair Labilit Repair
stems vailabili availabili
y Rate(F,) Y Rate(R,) y Ranking (R,)
(Aav) (Aav )
0.003122- 0.003122-
Mixt 23% 49% I
pure 0.017696- 3% 0.061103 o
0.003517- 0.004498-
Extrud 28% % I
xruder 0.010744 8 0.053954 56%
Dye 0.006091- 26% 0.002535- 32% III
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0.020701 0.053487
0.007677- . 0.003084- .
Cutter 0.014671 19% 0.051264 30% v

VI. Result and Observations

The following results are obtained after applying the methodology.

e Table 3 and figure 4 shown the variation in availability of component mixture with respect to
both failure and repair rate which are depicted that with increase failure rate the availability
decreases and with increasing repair rate, availability increases.

e Table 4 and figure 5 resulted about the behaviour of component extruder’s availability with
respect to both failure and repair rate which are depicted that with increase failure rate the
availability decreases and with increasing repair rate, availability increases.

e Table 5 and figure 6 shown the variation in availability of component dye with respect to both
failure and repair rate which are depicted that with increase failure rate the availability decreases
and with increasing repair rate, availability increases.

e Table 6 and figure 7 shown the variation in availability of component cutter with respect to both
failure and repair rate which are depicted that with increasing failure rate the availability
decreases and with increasing repair rate, availability increases.

e Table 7 analyzed the component performance based on availability with failure and repair rate.

VII. Concluding observations

Availability of polytube is optimized by using particle swam optimization technique. During PSO
maximum allowable velocity and weight parameters play a vital rule for analysis. For various
combination of failure and repair rate many runs were performed. The optimal availability is
achieved 99% at Failure rate increase from (0.003517-0.010744) and repair rate (0.004498-0.053954). The
fundamental modeling of the manufacturing plant represents the flow of row material from one
subsystem to another subsystem. With the help of transition diagram all the possible stages (Failure,
Repair and reduced) are helpful to find the probabilities of every stage. To calculate (steady state and
transit state) the sensitive analysis of failure and repair rate of the subsystem with maintenance
strategy play an important rule for the management to get maximum availability of the system
without failure. The table's (3-6) reveals the numerical analysis of the optimized availability of
polytube manufacturing plant. Further the results are explained graphically from the (Figure3-6). The
comparative analysis demonstrates that the subsystem Extruder has the greatest impact on the overall
system's availability than any of the other subsystems. Other subsystems have a minor impact on the
availability of the polytube manufacturing facility. For finding the optimal solution PSO techniques is
very helpful . With the help of this techniques one can use different combination of failure and repair
rate to get the optimal solution.
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