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Abstract: This paper is concerned with the analysis of a stochastiehuidread making system. The system consists of five differe
subsystems namely- Mixer, DRR (Divider, Rounder and RplRroofer, Oven and Tunnels connected in series configuraio make
the system more reliable an additional mixer unit of similature is also taken in parallel configuration with the coned sub-system.
Taking constant failure and general repair rates for eabksgatem several measures of system effectiveness sueliedlity, MTSF,
steady-state availability, busy period and expected petdit useful to industrial managers are obtained by usingnemtive point
technique. The MTSF and profit function have also been stutlieugh graphs with respect to various parameters in &pkat case.
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1 Introduction

The reliability of complex systems has emerged as a threst@due to the occurrence of disastrous event in the indsistrie
The process industries comprise of high complex engingssistem and sub-systems arranged in different configmsatio
For efficient and economical operations of process planh egstem and sub-system should run for long duration of time
with less repair cost under the required operative conuiti®o, the improvement in effectiveness of a complex imist
system in respect of various reliability and cost affectedides has become important in recent years. An industrial
system may consist of a number of sub-systems working invaiyature and each subsystem may further be composed
of various units connected in different configurations.

A lot of work has been done in the field of reliability analygimodels based on producing different kind of products.
Kumar D. et al.p] obtained the availability of crystallization system ingsu industry under common cause failure.
Later on, Kaushik and Sing8] performed the reliability analysis of the naphtha fuelasid water system under priority
repair used in thermal power plant. Singh and Ga8] ftudied the availability of heating system with warm staydnd
imperfect switch in sugar industry. Prabhuswatd][studied the reliability based optimization of manufaatgrsystems.
Gupta and Shivakab] performed the stochastic analysis of a cloth weaving systeodel. Gupta et al3] discussed the
reliability and availability analysis of serial processg#sbutter oil plant and behavior analysis of the cement itigus
Gupta and Kumar{] carried out the cost-benefit analysis of a distillery plafamar and Tewari10] presented the
analysis for evaluating the performance measures for ifoesimversion system model in a fertilizer plant. They hat
in [11] carried out the steady-state availability and perforneamytimization using genetic algorithm technique for CO2
cooling system of a fertilizer plant. Recently, Khandujakt[7] analyzed a bleaching system model of a paper plant
regarding the steady-state behavior and maintenanceiptaiviore recently, some of the other industrial system nede
producing different products have been already analyzeddmghani, K.K.et al.I]; Kumar, A. et al. B]; Dev, N. et al.

[2] and Vayenas and Pen4].

Keeping in view the importance of analyzing a real existimduistrial system model, the present paper deals with the
stochastic analysis of a bread making system. Arsh foodlRd#t, Meerut (U.P.) at present is working on such type of
industrial system manufacturing the Bonn Bread. A breadingegystem is a complex type reparable engineering system
model involving high risk of economic loss in case of any inigtion in its operation. The system consists of a number
of different sub-systems which are connected in seriesfdilee rates of the sub-systems are assumed to be expahenti
while the repair rates are taken to be general. The workirlgesfe sub-systems is explained as follows:-
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1Mixer: This is used for mixing the ingredients to form dough. Anaetiedundancy of Mixer is also considered in
the system to make it more reliable.

2.DRR (Divider, Rounder and Roller): This is used to divide dough pieces and then they pass thitheglounder for
the rounding of dough pieces. After this, the dough is flagtelny the adjustable stainless steel moulders of the dough
Roller.

3.Proofer: This is used for twisting dough to take a jump to attain thelef the mould size.

4.0ven: This unit is used for baking the bread coming from proofehatdesired temperature.

5.Tunnels: After baking, the mould is put into the hot tunnel where thélbaves attain the required temperature and
then it is transferred into the cold tunnel for cooling.

By using regenerative point technique, the following measwf the system effectiveness are obtained.

—Transition probabilities and mean sojourn time in diffdrstates.

—Reliability of the system and mean time to system failure.

—Pointwise and steady-state availabilities of the systerindyo,t).

—Expected busy period of the repairman in different subesystduring0,t) and in steady- state.
—Net expected profit incurred by the systen{@t) and in steady-state.

2 System Description and Assumptions

A bread making system is composed of five sub-systems cagthgcseries network. The working of each sub-system is
necessary for successful operation of the system. To mékeytstem more reliable an additional mixer unit is also take
in parallel with its similar subsystem. The system may fiadlriy one of the sub-system except mixture unit fails or both
the standby and main mixer units are failed. The working &&dént subsystems are shownHig. 1 and explained as
follows:-

S Dough Temp.
T DRR (Dividing,
> Rounding & Rolling)
5 J 80-82"F
Mixer
Temp. equal
to dough
oven + Proofer
Temp. 95-97° C
Tunnels N Slicing and
i packaging

Fig. 1: The Working of different subsystems

Mixer (M):- In the production of bread we use sieved flour. The spiral méxesures a fast yet gentle development of
dough and also helps in maintaining dough temperatures. mhier has the capacity of mixing ingredients into 44 kg.
flour at a time. All the ingredients should be measured céyednd added according to the variety of bread to be made.

Divider, Rounder and Roller (DRR):- The dough is to be divided after the mixing is done. There ipecilly
designed machine for dividing dough into pieces which isechtlivider. After dividing of the dough pieces it passes
through the rounder for the processing of rounding of douiglegs into uniform dough balls. After the rounding, the
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dough is flattened by the adjustable stainless steel mautifethe dough roller. After the rolling, the twisting of the
rolled dough is done with the hand.

Proofer (P):- A proofer is a chamber in which the temperature is set so teatvristed dough will take a jump to attain
the level of the mould size and take 55 minutes to one hourdoiréne next level.

Oven (0O):- In the oven there are plates which move automatically. Thekers put the twisted dough on the oven’s
plate. After sometime that plate with the moulds comes badké opening and the workers take out the baked bread
fromit.

Tunnels (T):- After baking; the mould with hot loaves is put it into the raankd then this rack is put into the hot tunnel
where the hot loaves attains the required temperaturetheis cooled in the cold tunnel. After this process the loaf ar
ready to be slicing which is placed in the poly bags for défarvariety.

The system model is analyzed by taking all the failure timgritiutions to be exponentials while the repair time
distributions are assumed to be general. Since all the ystieras are connected in series network, so it is necessary th

they all should be in good condition for successful operatibthe system. The repair is carried out by single repairman
only when the sub-system breaks-down and after each réyesut-system acts as good as new.

3 Notations and States of the System

(a) We define the following notations:-

am,0p,ap, 0o, AT : constant failure rates of mixer, DRR, proofer, oven anchéls.
Gm(.),G6p(.),Gp(.),Go(.),GT(.) :c.d.f. of repair time of mixer, DRR, proofer, oven and tulsne
Gij(-):Qij(-) . p.d.f. and c.d.f. of transition time from stafeto S;.
Pij . T steady- state probability of transition from st&edo S;.
= [ gij(u)du
Zi(t) : probability that the system sojourns in st&eup to timet.
17 : mean sojourn time in statg.
6wm, 6b, 6p, 60, 61 : mean repair time of mixer, DRR, proofer, oven and tunneltssun
*, ~ : symbols for Laplace and Laplace-Stieltjes transforms.
T : The limits of integration are not mentioned whenever tey0 tocw.

(b) To write the various states of the system, we define the fallgwymbols:-

Mo, Ms, Mg, Mr,Mwr,M¢  : Mixer is operative, standby, good under repair, waitingrégpair and failed.

Do,Dg, Dy, Dwr : DRR unit is operative, good under repair and waiting foriep
Po, Py, Pr, Par : Proofer is operative, good under repair and waiting foaiep
Oo,0g, Or, Owr : Oven is operative, good under repair and waiting for repair

Using the above symbols and considering the networking efstib systems in view, the transition diagram of the
system model is shown ifig. 2.
4 Transition Probabilities and Mean Sojourn

(a) By simple probabilistic arguments, we have the followinggsty-state transition probabilities:-

Po1 = /aM e*(C{MJFC{DJFaPJFC{OJFaT)Udu

=aw/A; where, A=av+ap+ap+ao+ ot
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TRANSITION DIAGRAM

&

Gpl-)
Up State ® . Regenerative point

Failed State % : Non- Regenerative point

mb

Fig. 2: Transition Diagram

Similarly,
Po2 = b /A, Po3 = ap/A, Poa = 0o/A, Pos = ar /A
P10= /einwapwowT)udGM(U)
=Gu(A)
P16 = p(lel) =am [1-Gu(A)] /A
P17 = p(lz) =ap[l- GM(A)] /A
P1s = p(183) =oap[l- GM(A)} /A
Pio= Py = ao [1—Gu(A)] /A
PLio= Pl = ar [1- Gu(A)] /A
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P20 = P30 = Pao= Ps10=1 (1-12)

We observe the following relations:-
Po1+ Poz+ Po3+ Poa+ Pos =1

Pro+ Py + P + Piy + Py + P =1

P10+ P16+ P17+ P1s+ Pro+ Prio=1 (13-15)

(b) The mean sojourn timey; in stateS is defined as the expected time for which the system staysaia Stbefore
transiting to any other state.Tf is the sojourn time in stat§, then mean sojourn time in stefgis

m =/P(Ti > t)dt

Its values for various states are as follows:-
Yo=1/A

W= / e Ay (t)dt
w2= [Go(t)dt =6y
ws= [ ety =
wa= [ Bolt)at = 6o

s = / Gr(t)dt = 6r (16-21)

5 Reliability of the System and MTSF

Let the random variabl® be the time to system failure when it initially starts froratelS € E, then the reliability of the
system is given by
Ri(t) =P(Ti>1)

To determine it we regard the failed state of the system asrbing) states. By using simple probabilistic arguments, on
has the following recurrence relations amd®();i = 0, 1.

Ro(t) = Zo(t) + Goa(t) ©ORu(t)

Ru(t) = Z1(t) + dao(t) ©ORo(t) (22-23)
Taking Laplace-transforms of these relations and simiplifghe resulting equations f&t;(s), we get
" 5(S) +051(8)Z; (s
RO(S) _ ZO( ) qu( ) 1( ) (24)

1—gg1(9)aio(s)
whereZz;(s) andZ; (s) are the Laplace-transforms g (t) = e™™;  Z;(t) = e AGu(t)

The expression of reliabilitiRy(t) can be obtained by taking inverse-Laplace transforiRig$) for known forms of the
repair time distribution of Mixer. Now, the mean time to systfailure(MTSF) is given by

E(T) = lim Ry(9)

Yo + Po1yr
_ 25
1— po1p1o (25)
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6 Cost-benefit Analysis

In order to find the net expected profit earned by the systenmglimterval (0,t) and in steady-state, we compute the
following:

(a) Availability Analysis

Let us defineA(t) as the probability that the system is up at epbarhen it initially starts from stat§ € E. Using the
definition of Ai(t) and the basic probabilistic concepts as in case of religpilie recurrence relations amoAgt);t =
0,1,2,3,4,5 can easily be developed.

Then taking the Laplace Transforms and solving the regu#tét of algebraic equations f8§(s) one gets

A9 = 5 (26)
Where,
Nu(s) = (1- ") Z6 + Gz
and

Da(s) = (1~ 0f3") (1~ doslizo — Gastiso — Gbaclio— GosGiéo) — Gon (Co+ 07 Go-+ 013 "o+ a3 "Glio+ s o)

The argument’s’ has been omitted throughout the paper &pfs) andZ (s) for brevity.

The steady-state availability of the system is given by

Ao = fim Ao(t) = lim s AY(s) = 5 (27)

Where,
N = (1 - p(lel)) Yo + Po1tr
and
D1= (1— p(lel)) Yo + Po16m + (1— p(lsl)) (P026p + P03k + Poabo + Posbr)
The expected up time of the system dur{idgt) is given by
t
Huplt) = [ Ao(u)a
so that
Hup(s) = Ao(s)/s (28)

(b)Busy-Period Analysis

Let BM(t),BP(t),BP(t),BC(t) andB] (t) be the respective probabilities that the system is undeirep epoctt due to
the failure of Mixer, DRR, Proofer, Oven and Tunnels wherteysinitially starts from stat&.

Using simple probabilistic arguments, the values of thevabiive probabilities in terms of their Laplace Transforms ca
easily be obtained as follows:-

(B)#yp g

. Oy W
B (5) = |1312(S)1
(M) pp

" O Wi
B5"(9 = |1322(5)2
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8)#y p %
Da(s)
(9)#yp s
Oia W,
BO* s) — 14 4
0 ( ) DZ(S)
and 10
T G5 We -
By (s) = D> (29-33)
Where W), W5, W3, W, andW; are the Laplace-transforms of
Wi (t) = Gu(t)
W (t) = Gp(t)
W(t) = Gp(t)
Wj(t) = Go(t)
Ws(t) = Gr (t)

andD4(s) is same as given in sub-secti6(a).

In the long-run, the probabilities that the repairman wéltiuisy in the repair of Mixer, DRR, Proofer, Oven and Tunnels
respectively are given by

BY = p(161)9M/D1
BS = p(172)9D/D1
BS = pi3 6p/D1

o = p14 60/D1

B} = pie’6r/Ds (34-38)

The expected busy period of repairman in the repair of MiR&R, Proofer, Oven and Tunnels during inter{@lt)
respectively are given by
/ B

oM = [ BR(udu

u 0 = [ Bf e (39-43)
So that,
'™ (s) =By (s)/s
Hp* (s) = BG*(s)/s
5 (s) =Bf*(s)/s
S (s) =Bg*(s)/s
My (s) =B (s)/s (44-48)
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Fig. 3: Behaviour of MTSF with respect toay, By and at

(c) Profit Function Analysis

We are now in the position to obtain the net expected profitehiby the system during time intervd,t) as given
below:-

P(t) = Kopup(t) — Ko (t) — Kopd (t) — Kapaf (t) — Kap(t) — K (t) (49)

WhereKg is the per-unit time revenue earned by the systemkan#,, Kz, K4, Ks are the repair costs per-unit of time
when repairman is busy in the repair of Mixer, DRR, Proofare@ Tunnels respectively.

The net- expected profit per-unit time in steady-state ismlyy

_P(t
P=lim ¥ = KoAg — K1BY — K2B5 — K3Bf — K4BS — KsBJ (50)

7 Particular Case

When all repair time distributions are exponentials i.e

Gu(t) = 1— et
Gp(t) = 1— &Pt
Gp(t) =1— &
Gol(t) = 1— &Pt
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Fig. 4: Behaviour of Profit function with respect to am, B and at

Gr(t)=1—¢€

In view of above, we have the following changes in resultd2)and (16-21)

P10 = Pm/(A+ Bu)
P16 =pPi3 = am/(A+ Bu)
P17 =pi) = ap/(A+Bu)
Pie= Pis = ap/(A+ )
P1e= Py = do/(A+Bu)

P110= D(ﬁ-,o) =ar/(A+PBw)
Y =1/(A+Pw)

Y=1/Pp
Ys=1/pp
Ya=1/Po
WYs=1/Br (51-61)
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8 Graphical Representation

The curves for MTSF and profit function are drawn in respedlifiérent values of parameters of tlog, Bv andar.
Figure 3 depict the variations in MTSF with respect &g for three different values g8y (0.2, 0.5 and 0.9) and two
values of or (0.05 and 0.1) when the values of other parameters are keped fixas
op = 0.3,ap = 0.05,a0 = 0.005 3p = 0.02,6p = 0.4, 80 = 0.01 andB3y = 0.55. From the curves we observe that
MTSF decrease uniformly asy increases. It also reveals that the MTSF decrease with tinease in the values @
andor.

Similarly, Figure 4 reveals the variations in steady state profit functiBhwith respect taay for three different values

of Bu (0.2, 0.4 and 0.6) and two valuesa@f (0.028 and 0.09) when the valuesmf, ap, 0o, Bp, Bp, Bo andfBr are taken
same as in case of MTSF and the value&gt 2200 K; = 500,K, = 150 K3 = 500,K4 = 500 andKs = 900 are taken
respectively. From th&igure 3 the same trends in profit variation in respectoi@, Bv andat have been observed as
reported in case of MTSF. Further, it is important to noterfrdotted curves that system goes in lossyf exceeds from
0.06, 0.163 and 0.262 respectively fof = 0.09. Similarly, from smooth curves it is obvious that the sysigoes in loss

if ap exceeds from 0.10, 0.202 and 0.31 respectively foam= 0.028. Thus, it is observed that the profit decreases as
ay increases.
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