Page |11
THE BEHAVIORAL ANALYSIS OF FEEDING SYSTEM OF

SUGAR INDUSTRY

Lyoti Rani*, 2Dr. Govil Jindal

!Department of Mathematics, C.R.M. Jat College, Hisar, Haryana, India
2Department of Mathematics, Govt. College, Hisar, Haryana, India

Email 1D: %jjyoti040989@gmail.com, *goviljindal711@gmail.com

Accepted: 09.12.2022 Published: 01.01.2023

Keywords: Reliability, Availability, MTSF, Busy period, Regenerative point technique (RPT).

Abstract

In this paper the behavioral analysis of Feeding System of Sugar Industry having two unit
redundant system in cold standby mode with perfect switch over device is done. The key
parameters of the system i.e. the Mean Time to System Failure (MTSF), Availability, Busy period
of Server, number of Server’s visits and number of Replacement etc. (under steady state
conditions), are evaluated using the Regenerative Point Technique (RPT). The study can be
extended for multiple unit system having Perfect and Imperfect Switch-Over devices of other

agro-based industries.
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INTRODUCTION:

There are industries which are totally based on agriculture sector, e.g., sugar industry,butter-
oil(ghee) manufacturing industry etc. The sugar industry is totally dependent upon agriculture
because the raw material for it(sugarcane) is supplied from agriculture sector and is directly

affected by any change in the production of sugarcane.In a sugar plant, the whole manufacturing
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process of bioethanol from the raw material (sugarcane) is divided into four main subsystems for
analysis, namely:
e The Feeding System
e Juice Section
e Fermentation
e Distillation
The key parameters of the system i.e. the Mean Time to System Failure(MTSF), Availability,
Busy period of Server, number of Server’s visits and number of Replacement etc. (under
steady state conditions), are evaluated using the Regenerative Point Technique(RPT).
Transition Diagram Of The System:
Systematic Diagram of Sugar Industry
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The Feeding System

51 S3
]T \ 1
ft) flty] | A
M
@ >< (' 52

The system can be in any of the following states with respect to the above symbols.

S, = AB(A") S, = Ab(A") S, = aBA’
S, = abA’ S, = aBa’ Sc = ABa’
56 = Aba’
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EVALUATION OF PARAMETERS OF THE SYSTEM:

Evaluation of Parameters:

(a). Mean Time To System Failure:
The average time for system failure is given by

Do (t) = dQox () + dQoz2 (1) ® [z (1)
2 (t) = dQ2s (t) + dQ24 (t) + dQ20 (t) ® [o (1)

5 (t) = dQsa (t) + dQse (t)+ dQso (1) © [o (t)

The system of equations can be written in non-homogeneous system of equations and solved by

using the Cramer Rule of determinants as explained below:

Do (t) - dQo2 () © [z (t) = dQox (1)
-dQ20 (1) © o (t) + L2 (t) = dQ2s3 (t) + dQ24 (t)

-dQso (t) © Lo (t) + [s (t) = dQsa () + dQse (t)
D(s) =1- 302920

D(0) = 1- pozp20

N(S) = do1 + 902(q23 + G24)

N(O) =Po1 + Poz2(P23 + P24)

Taking Laplacian Stieltjes Transforms for (o™ (s), we get

6™ (s) = %

MTSF =0o=lim =% () - D@ -N'©)
s—0 S D(0)

=N-+D

— Mo + Po2M2
1—Po2D20

Where,
D’(s) = _qOquzo — 209 02
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D’(0) = pozmzo + P20Mo2

N'(8)=q"01 + 4 0,(q' 35 + @'54) + 4'02(q 53 + G24)

N°(0) = —moy — p o, (M23 + Mzs) — Mo2(P 53 + P24)
(b). Availability of the System:

Let Av; (t) be the probability that a system is available at a point of time t after the unit

entered the regenerative position at t = 0. The relations for Av; (t) are as follows:
Ao (t) = Ro (t) + Qo1 () © Ava (t)+ Qoz (t) © Ava (1)

AV (t) = Qo (t) © Avo ()

AV, (t) = Ra(t) + Qa0 () © Avo (H)+ Qa3 (t) © Avs (t)+Qza () © Ava (1)

Avs (t) = Qa2 (t) © Ava (1)

AVs (t) = Qus (t) © Avs ()

Avs (t) = Rs(t) + Qso (t) © Avo (t)+ Qsa (t) © Ava (t)+Qs6 (t) © Ave (1)

AV (t) = Qes (t) © Avs (1)

The system of equations can be written in non-homogeneous system of equations and solved by

using the Cramer Rule of determinants as explained below:
Avo (t) - Qoz () © Ava (t)- Qo2 (1) © Avz (t) = Ro(t)
-Quo(t) © Avp(t) + Ava () =0
-Q20 () © Avp () + Ava (1) - Q23 (1) © Avs (1)- Q24 (1) © Avs (t) = Ro(t)
-Qa2 (1) © Ava (1) + Avs (f) = 0
AV (t) - Qus (t) © Avs () =0
-Qs0 (1) © Avp (1) - Qsa (t) © Ava (H)+ Avs (t) - Qse (t) © Ave (t) = Rs(t)
-Qe5 (t) © Avs (t) +Ave (1) =0
D1(s) = (1- Gs6 Qes- Q45 G54){(1- dor G10)(1- G23 Gs2)- Goz G0}~ Goz Qs Qs Clas

D1(0) = (1- ps6 pes- Pas psa){(1- po1 P10)(1- P23 P32)- Po2 P20}- Po2 P24 Pso Pas = 0
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Now taking Laplacian Transforms for Avo'(s), we get

Avo'(s) = ’[\')1_8

Availability in the long run is as follows;

N, (0)

Avp = Liig(sAvO*(s)) =5 ©)

Here
N1 (S) = {Ro(1- 23 032) + R2 qo2}(1- gs6 Qes- Qa5 Os4) - Rs Qo2 Q24 Gas
N1 (0) = {Ho(1- p23 p32) + K2 Po2}(1- Pse Pes- Pas Psa) - s Po2 P24 Pas

N1 (0) = [pso(1 — p23)ito + Po2(Psoltz + D2akis)]
D'1(0) = [pso(1—p23)(Ho + Po1t1) + Po2Pso(Uz + Paztiz) + Po2P2a{(1 — Pse)piat
Hs + Dsele}]

(c). Busy period of the Server: Let Bpi (t) is the busy period of the server starting at a point at
t=0 is as follows;

Bpo (t) = Qo1 (t) © Bp1 (t)+ Qo2 (t) © Bp2 (1)

Bp1 () = Wa(t) + Quo(t) © Bpo (1)

Bp2 (t) = Wa(t) + Qa0 (t) © Bpo (t)+ Q23 (t) © Bps (£)+Q24 (t) © Bpa (t)

Bps (t) = Ws(t) + Qa2 (t) © Bpz (1)

Bpa () = Wa(t) + Qas (f) © Bps ()

Bps (t) = Ws(t) + Rs(t) + Qso (t) © Bpo (t)+ Qsa (t) © Bpa (t)+Qss (t) © Bps (1)
Bps (t) = We(t) + Qes (t) © Bps (1)

Here,

Wi(t) = Ri (t)
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The system of equations can be written in non-homogeneous system of equations and solved by

using the Cramer Rule of determinants as explained below:

Bpo (t) - Qo1 (t) © Bp1 (t)- Qoz (1) © Bpz (1) =0

-Q10(t) © Bpo (1) + Bp1 (t) = Wa (1)

-Qz0 (1) © Bpo (1) + Bp2 () - Qa3 (t) © Bps (t)- Q24 () © Bpa () = Wo(t)
-Q32(t) © Bp2 (t) + Bps (t) = W3 (t)

Bpa (t) - Qas (t) © Bps (t) = Wa(t)

-Qso (t) © Bpo (1) - Qs4 (1) © Bpa4 () + Bps () - Qse (t) © Bps (1) = Ws (1)
-Qes (1) © Bps (1) +Bps (t) = W (1)

-Qe5 (t) © Avs (1) +Ave () =0

D1(s) = (1- Gs6 Qes- Q45 G54){(1- oz G10)(1- G23 Gs2)- Goz G0}~ Goz Qs Qs as
D1(0) = (1- pse Pes- Pas Ps4){(1- Por P10)(1- P23 Ps2)- Poz P20}~ Poz Pas Pso Pas = 0

Taking Laplacian Transforms for Bpo (s), we have

Bpo*(s) = N (Z’)

D, (s)
In the steady state
Bpo = limsBp’(s) = lim sN,(s) _ N,(0)

>0 D/ (s) D,'(0)
Here

N2 (s) = {R1 qo1(1- 023 g32) + (R2 + R3 023) qQo2}(1- Us6 Qe5- 045 Os4) + Qo2 24{ Ra (1- gs6 Qes) + (Rs
+ Re6 Qs6) Qa5}

N2 (0) = {1 po1(1- p23 p32) + (M2 + M3 P23) Po2}(1- Pse Pes- Pas Psa) + Po2 P22{ Ma (1- pse Pes) + (Us
+ U6 Ps6) Pas}

Ny (8)=[pso(1 — P23)Po1t1 + Po2Pso (U2 + D23t3) + Po2p24{(1 — Pse) s + Us
+ Psels}]
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D'1(0) = [pso(1 — p23)(Wo + Po1k1) + Po2Pso(Uz + P23tiz) + Po2P2a{(1 — Pse)tat us +

Pselte)]
(d). Expected number of Server’s visits: : Let Vo (t) is the expected number of visits of the

server starting at a point at t=0 is as follows:

Vo (t) = Qo1 (1) © V1 (t)+ Qo2 (1) © V2 (1)

V1 (t) = X1 (t) + Qo (t) © Vo (1)

Va2 (t) = Xa(t) + Qa0 (t) © Vo (t)+ Qzs (1) © V3 (1)+Qa4(t) © Va (1)
V3 (t) = Qa2 (1) © Va (1)

Va(t) = Qas (1) © V5 (1)

Vs (t) = Qso (1) © Vo (t)+ Qsa (1) © Va4 ())+Qs5 (t) © Ve (1)

Vs (t) = Qes (1) © Vs (1)

The system of equations can be written in non-homogeneous system of equations and solved by

using the Cramer rule of determinants as explained below:
Vo (t) - Qo1 () © V1 (1)- Qo2 () © V2 (1) =0
-Q10 (1) © Vo (t) + V1 (t) = X1 (1)
-Q20 (1) © Vo (1) + V2 (1) - Q23 (f) © V3 ()- Qaa (1) © Va (t) = Xa(D)
-Q2(t) © V2 (t) + Vs () =0
Vi (t) - Qus () © Vs (1) = 0
-Qs0 (1) © Vo (1) - Qs4 (1) © Vi (t)+ Vs (1) - Qs6 (1) © Ve (1) =0
-Qes (1) © Vs (1) +Ve (1) =0
D1(s) = (1- 06 Qes- 045 Gs4){(1- Qoz G10)(1- G23 032)- Qo2 G20}~ Qo2 024 Gs0 Gas
D1(0) = (1- pse pes- Pas Ps4){(1- Po1 P10)(1- P23 P32)- Poz P20}~ Po2 P24 Pso Pas = 0

Now taking Laplacian Transforms for Vo'(s), we get
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The expected number of visits by the server per unit time is given by

_ : * — NB(O)
Voo = limsVo"() =55

Here
N3 (s) = {(1- g23 32) X1 qo1}(1- Os6 Qe5- 045 Qs4) + X2 Co2(1- Os6 Q65- Gas (54)
N3 (0) = {(1- p23 p32) X1 por}(1- Pse Pes- P4s Ps4) + X2 Po2(1- Pse Pes- Pas Psa)

N3(0) = [pso{por (1- P23) + Doz} ]
D'1(0) = [pso(1 — p23) (o + Po1t1) + Po2Pso(Uz + P23tiz) + Po2P2a{(1 — Psedat us +

Dselie}]
PROFIT FUNCTION OF THE SYSTEM:

The Profit analysis of the system can be done by using the profit function:

Py = (1. Ayg — (5. By — C5.Vy
Where C; = revenue per unit of time the system is Available.

C, = Cost per unit time the server remains busy for the repairs.

C5; = Cost per visit of the server.

CONCLUSION:
The study can be extended for multiple unit system having Perfect and Imperfect Switch-Over
devices of other agro-based industries. The regenerative-Point Technique is useful for the
evaluation of the parameters that will be very helpful to the managements, manufactures and the
personnel engaged in reliability engineering and working for the behavior changes other
agriculture based or agro systems and profit analysis of stochastic systems.

Note: For various definition, contact the Author.
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