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Abstract: In this paper we develop a stochastic model far-tmit standby system by making one or both thésumperative

depending upon the load/demand. The system undesideration is assumed to have two shifts of warkand whole system
undergoes for scheduled preventive/corrective raaarice before starting the second shift. Mathealatarmulation of the

problem determining the transition probabilitieswafrious states are developed considering two tgbeailure for each unit

(Type -1 which has no standby and the Type - llalhhiias standby). Various reliability metrics sushMil SF, availability, busy

period and profit have been discussed for measuhagsystem effectiveness by using semi-Markov ggscand regenerative
point technique. The proposed model is finally &apto rice manufacturing plant as a case study.

Index Terms: Availability, Busy Period, MTSF, Regenerative pdi&thnique, Serrlarkov Process

1. INTRODUCTION

The reliability of the system is an important
parameter which measures the quality of its coests
performance over its expected life span. With
development of modern technology and the world eoon
the reliability problem of a system attracts impiew
attentions. As the systems are becoming more corgie
the corrosion over a period of time is a naturammenon,
the maintenance of system in terms of periodic enspn,
repairs and replacements play an important rol&eieping
their performance satisfactory. The effectivenedsthe
system depends on its reliability indices, suchmasn time
to system failure (MTSF), availability and busy ipdr of
repairman. The research as a result lacks a balssteesen
modeling and its practical applications to indwstriSince
the reliability is the mathematical representatafnfailure
mechanism for the systems in terms of differergglations,
therefore the model embedded with real failures thd
industry is quite helpful from application point\éw.

Several research works on various types of systems
such as standby, redundant etc. have been cartiedno
literature but the standby systems have attracted t
imperative attention of many scholars and religpili
engineers for their applicability in their respeetifields. In
the era of
emerging new technologies, competition and compleite
concept of reliability and availability significdntaffect the
output that a manufacturer gets from his indusbye can
easily achieve maximum reliability of the system uiing
standby component. For this purpose, one shoul@ tiae
knowledge which component of the system is morsitee,
depending on that one can mend the system or #tydar
component. Modelling and analysis of these intergsdreas
need to be explored further in terms of real indaist
applications.

Standby systems have been widely studied in
literature of reliability due to their frequent use modern
business and industries. Several authors such aki @sd

the

Nakagawa, Kumar and Agarwal, Sridharan and
Mohanavadivu [4,6,10] studied the stochastic behavof a
two-unit cold standby redundant system. Goel ¢RJaand

Khaled et al.[3] also studied two unit standby syst. Goel

et al.[1] discussed the reliability analysis of ystem with
preventive maintenance and two types of ref@ander et
al.[8] studied a system with two types of repairmeith
imperfect assistant repairman and perfect masfmimaan.
Taneja et al.[11] collected the real data on failand repair
rates of 232 programmable logic controllers (PLG) a
discussed reliability and profit analysis of a systwhich
consists of one main unit (used for manufacturiagdl two
PLCs (used for controlling). Initially, one of tHeLCs is
operative and the other is hot standby. Tuteja 1§12}
discussed the cost benefit analysis of two serwer wnit
warm standby system with different types of failufee cost
analysis of a two-unit cold standby system subj&ct
degradation, inspection and priority has been aealyby
Kumar et al [5]. Shakuntla et al.[9] discussed dhailability
of a rice industry. Wang Z et al.[13] analyzed tk&ability
of systems with common cause failure under randoaal.|
Recently, Wu and Wu [7] studied reliability analysif two-
unit cold standby repairable systems under poiskorks.

In the research mentioned above on standby sysiems,
was found that their analysis for system reliapiite based
on the various hypothetical failure and repair aitns and
assumed numerical values. However, no satisfaciargk
has been carried out for varying demand of systenthé
field of reliability. There may be different sitias
depending upon demand/load. Incorporating thisasin,
we present a new contribution and motivation in phesent
paper to the reliability literature in terms of Fease study of
an industry in which a two-unit stand by systenmhwiairying
demand has been analyzed. We have proposed a wicidél
analyzes mean time to system failure (MTSF), abditg of
the system and cost benefit. This type of model ban
applied to any industries where standby systemsuaesl.
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The proposed is finally applied to a rice manuféoty plant
which converts paddy into rice.

This paper has been organised as follows: In Sectio

2 a brief description of a rice manufacturing sgstés
presented. The various notations and assumptiotvgoafinit
standby system are also discussed in this secfide
mathematical formulation for stochastic model deiamng,

transition probabilites and mean sojourn timesge ar

developed in Section 3. This section also deals wlite
formulation of Mean Time to System Failure, busyiqa
analysis. In Section 4, we discuss methodologiesotopute
various reliability metrics. Certain conclusionsséd on the
present study are finally drawn in Section 5.

2. SYSTEM DESCRIPTIONS AND NOTATIONS

In this system, it is assumed that one or both the

units are made operative depending on the demaauth &nit
has two types of failure-one due to failure of tmenponent
having no standby which is referred as Type —lufailand
the second due to failure of any other componewuinkaits
standby referred as Type — Il failure. The progassione on
each of the components of the unit before the compb

with no standby is transferable to the correspandin

component of the other unit. But the processingénding
due to failure is completed only on the concernei after

that component is repaired. Various measures fa th

effectiveness of the system such as mean time stersy
failure (MTSF) and availability are obtained assogni
exponential distribution for failure time and tagimrbitrary
distribution for repair times. The model thus deyped will

be applied to a rice manufacturing plant as a go@inple of
the present system model.

This plant has two units which are made operative i j

depending upon demand. Both the systems are of &igh
capacity. The system under investigation considirs
situation where the system has two shifts of warkand
before starting the second shift the whole systeaetgoes
for scheduled preventive/corrective maintenancéeEione
or both the units of this system is made operafiepending
on the demand. As mentioned above each unit mastaio
types of failures, Type-I failure is due to the qament color
sorter and Type-ll failure is due to failure of any the
following components of unit i.e. paddy separatuusker,
destoner, polisher. The processing done on eachhef
components of the unit before the component cadouter is
transferable to the corresponding component obther unit
but the processing pending due to failure of colsanter is
completed only on the concerned unit after it gafeed. The
system is observed at suitable regenerative epoghssing
regenerative point technique. As shown in Fig.1 dhetes
occurring i this bracket

n
{$(8.8).9(8 8. B8 § BFE B 5 BF {8 {s,,8

are regenerative states. However, the states vanelfiailed

and non-regenerative are presented in this bracket

[5(55-95m). 5[ o5, 95} o o8, o6c). 4 o6, o)

Following notations are used through the paper:
S : Standby unit

O : Operative unit
E. : Unitis under repair which fails due to Type — |

failure

erl : Unit is under waiting for repair which fails dte

Type -l failure
Fr. Repair is continuing from previous state of Type
1

failure
F, ) : Unit is under repair which fails due to Type - Il

failure
Furs Unit is under waiting for repair which fails dtee
2

Type -l failure
Fr, Repair is continuing from previous state of Type
2

Il failure
A, :Type- Ifailure rate

A, Type-ll failure rate

)4+ Rate at which system is made operative from rest
¥, :Rate at which system is made at rest from operative

state
it) : p.d.f of time to complete pending process of

material at colour sorter.
p : Probability that after repair unit needs noté& b

made operative depending upon demand
. Probability that after repair unit is made oo

depending upon demand
(t) . Probability density function (p.d.f.) of first

passage time from a regeneratiate i to a
regenerative state j or to &ethstate j without
visiting any other regeneratstate in (0, t].

Q; (1) - cumulativedistribution function (c.d.f) of first

passage time from a regeneratiate i to a
regenerative state j or to &thstate j without
visiting any other regeneratitetea in (0, t].

G (1) c.d.f.. of the repair time of unit for Typd —

failure

gl(t) . p.d.f. of the repair time of unit for Type - |

failure
Ho(t) - c.d.f. of time to make operative state

stand by (as per demand)
hl(t) . p.d.f of time to make operative state

stand by (as per demand)
Hz(t) - c.d.f. of time to make stand by state

operative (as per demand)
hz(t) . p.d.f of time to make stand by state

operative (as per demand)
p; Transition probability from stat€ to state |’
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plj(k) : Transition probability from staté to state J’
via statk”

© : Symbol for Laplace convolution

m

i :unconditional mean time taken by the system
transit for any regenerativatetj ', when it is
counted from the epoch of emteainto state

Ii 1

(k)
;. unconditional mean time taken by the system to
transit for any regenerativatetj ', when it is

counted from the epoch of emteainto statéi '
via state ‘K’

¥

Up stat= Faziled staie

O ®

Rast state Regenarative point

Fig. 1 — Transition diagram of the two — unit syste

3. STATISTICAL MODEL OF TWO — UNIT SYSTEMS

3.1 Transition Probabilities

A transition diagram shown in Fig.1 exhibits theioas states
of the system. The epochs of entry into states @, 3, 4 and 5
are regenerative points. Following the approacGodl (1981),
Kumar (1980), Taneja (2001) and Tuteja (1992) thadition

probabilitiespIj can be obtained using the following formula.

pij—llmq (s)—IlmIe () dt

where, aQij t)=q,

Eq. (1)
From the transition diagram, the assumptions dssisn
preceding section and using equation (1), tramspimbabilities
can be obtained as follows. The following partic@ases are

considered:
g, (M=ve" ; g (=™ ; h()=ae™ ; h,(t)=pe’".
=h (ni+24,+21,)
__ X _
Re= i (11052 2)
24,
poszm(l h (y,+ 24, +2/]z))
24,
poﬁm (1-1 (4 + 21,+ 21,))
P = hz (y1+/]1+/]2)
_ 2
P =g L (A )
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_ A
P = m(l h (i + 4.+ 1))
_ A,
Pu —m(l h (r,+A,+4)))
P =1

Pyo = 00, (A, +4))
s = PO (A, +A)

A *
Pss = /1141-/12 0, (/11'*'/12)
_ A
p37 - /] /] gl (/] /]2)

p33(6) =1- 91 (A)

p34(7) =1- gl* (/1 2)
P =07, (A, +A4)
Py = PG, (A,+A)

A” 5 (-0 0.4)

/1
¥y (1-g9, (A, +1,))
p44(8) =1- gz (/12)
p49(3) =1- gz* (1)

Ps =1

Pag =

Pag =

By using above equations, it can be verified that
Poi* Poz* Post Pos=1
Pt Pt Pt Pu=1
Py =1
Pao * Pos* Past Py =1
Paot Part Pagt Ppg=1
P, =1
Pao+ Past Pig” + Py =1
Pa ¥ Pyt Pus” + Py =1
The mean sojourn timg/ in the I" regenerative state

is defined as the time to stay in that state beff@msition to any
other state. If T denotes the sojourn time in tegenerative

state ‘i

’, then

4 =E®=PRT>Y=[dQ

Eq. 2
= (1R 4+ 2+ 24,)
_ 1 ot
H _m@- h, (y1+/11+/]2))
=
A
1
fy = 7(1 g, 1))
1 .
H, :T(l_ 9, (4, ))
2
Hs = —i*'(O) =1

The unconditional mean time taken by the systetratusit for
any regenerative stat¢', when it is counted from the epoch of

entrance into statd ' is mathematically stated as

= TtdQ,-(t)=th(D dt = - g'(0)

0
Ea. (3)
Thus, we get

My, + My + M+ M, =

M+ M, + Mg+ m, =

my, = M4,

My + Mg+ Mg+ M, = U

m40+rn41+ rnl8+ rnlg /'14

my, = Wy

My, + M+ mi® + my” = K say
M+ my+ m,”+ m® = k

3.2. Mean Timeto System Failure (MTSF)

Let @ (t) be the c.d.f. of the first passage time from

regenerative staté to a failed state. In order to determine the
mean time to system failure (MTSF) of the systeamsadering
the failed state as absorbing states. Followingaimgroach of
Goel (1981), Kumar (1980), Taneja (2001) and Tu({ége?2),

we obtain the following recursive relation @} (t) :

B (1) =Qu()©G(1) + QYO @) + Quf IO P( ) + Q( YO @()
A1) =Q,(N© @M + QYO @) + QIO () + QIO @ ()
B (1) = Qy(DO®A1)
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A1) =Qu() O @(1) + QYO P + Qa{ h + Quf )
%0 =Q,(HOH(1) +QLYOPL) +Q{h + Qi)
@(t) = Qs (DO &(Y)
Eq. (4)
3.3. Availability
Let A, (t) be the probability that the system is in up

state at instanf given that the system entered regenerative

statel att=0. Following the method used in section 3.2, the
availability A, (t) is expressed as the following recursive

relations:
A () =My (D) + 0y, (DOA(D + 0o DO A( ) + 0pf JO A( )
+ G, (DOA(Y)

AD) = M,()+0,(DO A() + a4 IO A()+ qf JO A}
+ 0, (DOA(Y)

A (1) = g, (YO A(D

A () =M,(t) + 05 (D OA(D + 0 1O A( Y +
0 (DOA(D) + 6, (DO A(

A1) = a,(DOA() + a( YO A() + a,(J© A )
+0,,” (HOA(Y)

A1) = Mg(t) + 05, (DO A(D
Eq. (5)

where M; (t) is the probability that the system is up at tithe

without any transition through/to any other regatige state or
returning to itself through one or more non-regatiee states.
Thus,

Mo(t) = e+ R,(9
M, (1) = e 4% Hy(y
M, (1) = e G(y
M, (1) = e G (9
Mg (t) = T(t)
where
G(®) =1-G(®), H®) = HO.Gt)=EG)
H,(t) =1-H, ()

3.4. Busy period of repairman
Let B, (t) be the probability that a system, having started

from regenerative statg, (i=0,1....9) att =0, is under
the services of repairman. Following the methodlusesection

3.2, we
have

By (1) = Gou(DOB() + (YO BL Y+ G JO B I+ qof YO BL )t

B/(1)= a(DO B()+ q9© B()+ qf J© B{ ¥+ ¢ YO Bt
B, (1) = Go()O B
B,()=W(D+ g,()OB() + g JO B 1+ qP( Yo B)t+ g, ()© B)!
B(®=W(+q()0BO+ q()0 B+ o0 B )+ ¢9()0 B)
Bs(1) = Gs,(1)0 By(1)

Eqg. (6)

4. COMPUTATION OF RELIABILITY METRICS

In order to obtain MTSF, we first take Laplace sfamms of
equations (4) and then solve them @r"(S) . Thus, we get

— *%,
MTSF = fim =% _ N
=0 s D

Eq. (7)
Where

N = 4 (_ PraPar™ Prs p35+1) _,U1(_ Poi~ PosPar poap)g;
= 1o (=Po2 P~ PoaPioPa™ PioPesPas Ped PoaPiaPly
~ (=P PosPuaPai~ PoPis PosPisPd
~Hy(=Post PogPusPss™ PorPuim PosPuaPds
— s (- PosPas ™ Po1PisPss~ PisPasPosPit PosPRa P

D=1- Pia Pz~ Pi3Pas™ PosPag™ Pozt Po2P1aPst PozPi
* Poz P30 Pia Par™ Po1Pis™ Po1PiaPag PoiPisPis  PosPy
~ Pr2 Poz Pss ™ Poz Pas Pig™ PosPasP1aPao

Next, taking Laplace transforms of equations (5) aolving
them for A, (S), we get
Ao = lim s A*( $=%i
Eq. (8)
Where
D, = 4{ Pofl — ) + PPAL- PYH( PF D),
(Pshut PP+ B )= PoPupt B Pl
+ 14{ Py PafL — Do) + PouPPait PssPlo Pt Phe
+ PPy + (- P PPt PsPis + PuPi)}
+G{ Rs Piot Phe Py~ PosPuPart PouPaoPust (1= Poz Pos
PaPa~ Pl Pt P Pis +(— P P+ K. PP
(Pt P~ Pod Pt P P+ P P+ PasPos
(1= Pa)*+ PobPut PuPuPd+ b Puf, PF PE P2
(Pt Pt Pid” = RaPi) = PoyPiaPsy’ s’ — PosProPusPasPs)
~ PP’ PP PuPiPiPk P PE P
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N, = (Mo + PuM)A= Poi” = PuPa Pas + Pss Pay
+ Pas® Py Pust PiaPast PraPasPis + PusPasPuaPly

+ (M, + PuM)(PosPss” + PosPuaPsst Por PosPS

= PiaPas Pod + M~ PesPui” + Poi™ PosPraPat PosPls

+ Poa PusPag) + Pos Pas = PosPasPas” + PogPasPraPas

+ Poa Pas Pas” + PrsPasPosPait ( Pt PorP)s

(PioPssPaot PioPasPait PipPasPia + PRSPy

+(Pos + PorPid( PrioPasPss’ + PioPaoPat  PioPasPas

+ P Pod” Pad} + E(L — Po— P& Pyt Pry))

(PiaPssPisPurt PuaPasPis’ + PisPssPad PisPssPay

+ PiaPas Pad™) + ( Poat PorP(( Pt Pi) PasPao

+(Pio + Pro) PasPart ( Pigt P PesP + PuyPasPly

+(Pos + PorPLd( PioPssPas” + PioPasPis + PisPasP)}

Finally, again taking Laplace transforms of equadiq6) and
solving them forB, () we get

N, ()
D,(s)
Eqg. (9)

In steady-state, the total fraction of time for @fithe system is
under the service of assistant repairman is giyen b

: N
By =lim By(9 233
- 1

Bo* (9 =

Where

Pist PastW,— P Pt Pagt
N3=(p03+ p04) 48 49 4 41p.l.4( 48 49 V\Q}
~ P p35( Pagt Pyst WA)

+(p03+ p04+ p13+ pl4+ p04 p4i|?|- pOSpC’z( pSé- pS:}- V\b?;

and D is already specified.

One of the objectives of reliability analysis is to
optimize the profit incurred to the system. To aeki this,
profit model is defined by subtracting all expectedintenance
liabilities from the total revenue. Using equatiq®$ and (9),

we get
P=GA -G

where
C, = Total revenue per unit time an€, =

4, CONCLUSIONS AND DISCUSSIONS
In this study data for all types of failures angaies of
the concerned industry was collected in the unitpes hour.

On the basis of these data, we have computed tleving
ratesg, (t) = 0.01, g (t) = 0.012¢y, = 0.01736

andy, = 0.0987 Assuming h, (t)=0.01.h,(t)=0.01

and p= 0.8, we have computed the following results of
important reliability indices using the software ANILAB’. By
varying A, for different values o;ﬂl, the values of MTSF and

availability are computed and their behaviors arbildted in
graphs (figure 2 and figure 3). Similarly, the pra also
computed by varying:ofor different choices oCl and results

are presented in figure 4.
Fig. 2 shows the behavior of MTSF with respect t
Type-Il failure rate(/]z) for different values of Type-I failure

rate(/]l ) The graph shows that MTSF decreases with increas
in the Type - Il failure rate(,\z) keeping Type - | failure rate

constant and has higher values for lower value3ygfe - |
failure rate(,]1 ) Fig.3 shows the behavior of availability with

respect to Type Il failure ratg/]z) for different values of Type
- | failure rate(/]l) . This graph indicates that availability of the

system decreases with increase in the Type - lurkairate
(/]2) keeping Type - | failure rate constant and hasérg

values for lower values of Type - | failure repel) So, the

management of the manufacturing plant should payemo
attention on the working of colour sorter part fiecreasing the
MTSF as well as availability. The behavior of ptofiith
respect to revent(go) for different values of cost of

repairmartlcl)is shown in Fig. 4. It is observed from this graph
that profit decreases with the increase in reverareunit time
Co and has higher values for lower values of cost of
repairmarg, .

On comparing the graphs, it reveals that (i) fr =
850, the profit is negative or zero or positive@ding asC, <

or = 1491.50 Hence, revenue per unit time should be fixed
greater than 1491.5 and (i) f@, = 900, the profit is positive

or zero or negative according &, < or 2 1564 Hence,

revenue per unit time should be fixed greater thiasv (iii) For
C1 =950, the profit is positive or zero or negataccording as

C, S or 2 16585. Hence, revenue per unit time should be

fixed greater than 1658.5

The present analysis provides important information
about the sensitivity of the particular componeftthe standby
systems which need more care to achieve the maxiprofit.
This model can be applied to any industry havin@ tunit
standby systems. The same approach can be exttmddady
those industrial systems which have more than mibstand by

cost of busy pgobrepairmar  Systems.
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Fig. 2: Effect of Type-Il failure rate on Mean tirteesystem
Fig. 4 : Effect of cost of revenue per unit timeProfit achieved

by the system for different valuesosét of busy period
of repairman.

failure for different values of Typdalilure rate.
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