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Abstract

The objective of every industrial manager is thadustry should be in an
operative state for a long period of time. Keepimgnind the above objective the
present work is done. In the present paper waskysgiem which is an important
system of paper industry have been discussed ail.ditinvolving many unit
operations and processes Reliability, long run &lity and M.T.T.F. have
been studied. Reliability of the system can beyaeal by forming differential
equations with the help of mnemonic rule and thendition diagram of the
process. These differential equations can be sahsttg well known integrating
factor technique. Recursive method has been usechltulate the long run
availability of the process. The effects of failared repair rates of different sub
systems on long run availability have been stutheough tables and graphs.

Keywords Reliability, Long run availability, Differentialquation, M.T.T.F.,
Process industry, Mnemonic rule etc.
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1 Introduction

Reliability Analysis can benefit the industry inrrtes of higher productivity and
lower maintenance cost. This can also help the genant to understand the
effect of increasing/decreasing the repair rateaoparticular component or
subsystem on the overall system. These issues alibngnathematical model are
discussed in this study regarding washing subsystesabunit of paper industry.
Several researchers for the last many years haceistied the various facts of
reliability technology of the subsystems or syst@émgsrocess industries at various
level and a number of research papers have beelished in this direction
including Singh.J.(1982,84) Kumar.D.(1989,91) Malnaf. and Singh.J. (1996),
Singh and Gupta (2004), Gupta Pawan and Jai Sibj2 Singh T.P. and
Satyavati (2007) and some other researchers appdiegbility technology to
various industrial systems obtaining important lssu

Paper making process is a very complex processsindinvolving many unit
operations and processes. It is a process industwhich we cannot bypass
intermediate sub process. It consists of six subsys feeding, pulp preparation,
washing, bleaching, screening and paper productibashing system is an
important sub system of paper industry. It consishany units. During operation
the complex subsystem may fail partially or comgdiedue to fault in any unit.
The failed unit are repaired or replaced as soopassible to keep the system
available for good output. We discuss in detail dvailability of system under
some assumptions, taking constant failure and réipags for various equipments
of the system. The differential equations assodiatéh the system are solved
recursively. Expressions for various parametersthg system as reliability
function, availability function followed by someepal cases are discussed. The
effects of failure and repair rates on Long runilabdity of different subsystems
are studied by tables.

2 Washing System Description

It consists of the following subsystems:-

The screen (A) having two units in series. It isdifo remove oversize uncooked
and odd shape fibers from the pulp through strginirailure of one unit causes
complete failure of the subsystem.

The cleaner (B) having m units in parallel. Théuia@ of any one unit reduces the
efficiency of the subsystem which downs the quatifythe paper and hence
reduces the profit. The failed unit can be repabgdnskilled workers.

The Decker (D) having one main unit and a standbsilure of both units causes
complete failure of the subsystem.

The system description is shown in Block diagram 1.
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Pulp from tank v v
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Undesirable
Material l
Collector ]
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L ]
(Water+Liquid Collector) Y T Y
Washed Pulp
Tank

(Block Diagram 1)
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Assumptions

The repaired/ replaced units are as good aspagfermance wise. Units
are repaired or replaced upon failure only.

Each subsystem is provided separate repalityac

Mean failure and repair rates of the units @wastant over time unless
otherwise stated about any change for equal tinterval and are
statistically independent.

The probability of more than one subsystemufail/ repair during the
interval (t, t+At) is zero. (e) The standby units (if any) arearhs nature.
The subsystem B failed through reduced state.

Notations

a,bd : denote the failed state of the system.

B : denote the reduced states of theesyst
2] : denote the failure of one uniDof

(of : denotes the respective failure rate eftthit.
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Taking the above assumptions and notations, weirplit@ transition diagram
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Bi : denotes the respective repair rate of the uni
pi(t) State probability at time t

shown in fig.2
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State Transition Diagram — 2

Mathematical Formulation

Probability considerations give the following diéatial difference equations.

3

%+ ai} P () = B o, () + Bop, (1) + Bps () oo (1)
S350 48,000 = @0+ A4, 2 ). @

3

%im +ﬂ3} pslt) = pu(t) + Ao (t)+ B (0)+ B o 0) oo 3)

1
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A Ta pl=an v n sl anl) ) “
%+ ,31} 02 ()= @uP (6) o (5)

:% ,82} 0e() 25 Py (1) e 6)

:%+ @: 0, ()=, (1) o 7)

:%+ ,33: 05 (1)1, 3 (0) o ®)

:% ,81: 0o (t) = @,y (1) o ©)

%+ B, 0 1) = @, palt) o (10)

% 48, | puslt)= P () (1)

%+ [,»2} D)=y Palt) e (12)

Initial condition {p(o) =1 ifi=1
05 otherwise}.

Solution of the equations (1) to (12)

3 3

plt)=e = P{ﬂlm(t)wzpz(t)+[>’3p3(t)}e§ dt +e_§a

p.t) =e™* [{a, pl()+ﬂ1 s (t)+ 53, ps (t)+ 3, p4( e“ o]

ps(t) = & [{ars pu6)+ Bips (£)+ 3, pu 1)+ B, s dtJ

p.(t) =™ [Ha, ps (t)+; p, 1)+ Bspiolt)+ 5, pia b )+ﬁ2 po,(t)}e™ d
p,(t)=e* [[{a, p, )} e** dt|

ps(t) = e [Ra, p, (1)} d]

p,(t) = [[a,p,(t)e”" di

pe(t) = e |l a,ps(t)e™ d

Pt ):eﬂtl,ja ps(t )eﬂtdtJ

Py (t)= e | a, p,(t)e dt|

pll( ) e |_J. a'1p4(t)eﬁlt dtJ
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nult)= & llasp e o
Where Al:iai"'ﬁz /]2:§0’i+,83 Ay :iﬁl +§0'i

All the probabilities are in terms of () which is terms given by (1)
The reliability of the subsystem is given by

R(t) = Ri(t) + Pa(t) +Ps(t) + Pu(t)
6 Long Run Availability

Since the management is interested in long runahbiy of the system, we find

the probabilities as follows, takin% -0 ast - o, p(t) - p

3
>0, 0.=BiP; B0t BaPseiiiin (13)
1
3
2 a +ﬁ2j P, =, P+ BiPs + BoPs + BaPyeeciiiininns (14)
1
3
Zal+,83J P =3P+ BiPg + B0, + LaPgeeeeeeeaaiiinnnn. (15)
1
3 3
zﬁi+Zaijp4:a2p3+a3p2+183p10+181p11+ﬁ2p12 """""""""" (16)
2 1
BiPs =A 1Py, a7) BoPs =05 Poeveeerarrinnnn (18)
BiP; =Py (19)  Bapg=A3Pseeveeeeeaaiinnnn (20)
BiPo = 1 Pseeiiieeaiiinnns (21) BaPio =3P, e (22)
BiPii= AiPseeeeeeiiiiinn. (23)  BoPio=AoPyeeeeeiinnennnnn (24)

Initial condition p= 1, otherwise zero.
These equations are solved recursively in termg.oNow p is evaluated using

12
normalizing condition > p; =1
i=1

The long run availability of the system is obtairzedfollows :

Az = P+ Po+Ps+P,

7 Non — Repairable Case

If system is non repairable, then puttigg =0, for all j, we have
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_E+§a‘ } P(t)=0 o (25)
%+Za} 0, ()= APy (1) (2
%ia, } 0 (1)@ Py 1) o 27)
%ia} 0a()=,Pa(0)+ 3P, (0) oo (28)
% B, (1) = @2, (1) oo (29)

% NI () I (30)

% B ()=, py(t) oo (31)

% 0s (1) = @53 ) o (32)

% 0o ()=, P (t) oo (33)

% TR () N (34)

% P (1) =0, Py(t) oo (35)

% (O ET A N (3 I (36)

Initial condition is p(0) =1, otherwise zero.
All the above probabilities are in terms qftp which is given by solving equation

(25)
p,(t)= exy{— éaitJ

8 Analysis of System

Using equation (13) to (24)

e A
B, Bs B.) \ B, Bs) \Bs B
p=%2p p=%p p,=9%p

B Bt BB
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€)) Effect of failure ratér,) of screen anda,) of cleaner on long Run
Avalilability
Takinga,=02 p[=03 p[,=04 pB,= 05
Tablel

a, - .01 .02 .03 .04 .05
a, |
.001 .690500 561307 472837 408458 359510
.002 .689671 .560748 472441 408164 .359200
.003 .688317 .559873 471805 407694 .3589p2
.004 .686494 .558647 4709480 407049 .3584(18
.005 .684226 557173 469886 .40626[1 .357802

Effect of repair ratés,) of screen and3,) of cleaner on long run availability.

Takinga, = 0], a,=001 a,=02 pB,= 05

Table 2
B, - .01 .02 .03 .04 .05
B!
.01 470948 .616 .686478 .728132 .755643
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.02 472441 .618557 .689655 73170y .759494
.03 472733 .619057 .690279 732409 .760268
.04 472837 .619235 .690499 .713265) .760517
.05 472885 .619319 .690602 132774 .760643

9 Concluding Remarks

1  The study of Table 1 shows that the failure rajeof screen affects the

availability more than failure rate,of cleaner.
2  Study of Table Il shows that the repair rgf of screen affects the

availability more than repair ratg, of cleaner.

Thus we can make an inference that Management cghiaké more care about
failure rate, repair rate of screen in order toriove availability of the system.
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