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Abstract— This paper deals with the mathematical modeling 

and availability of feeding system of a sugar plant. Feeding 

system consist of four subsystems with three possible states: 

full working state, reduced capacity working and failure. 

The failure and working states of all subsystems are 

assumed to be constant. Problem formulation is done by 

Markov Birth-Death process while the operational behavior 

of the system is represented by the transition diagram.The 

model has been developed by considering some 

assumptions. The data in the feasible range has been 

selected from a survey of sugar plant and the effect of each 

subsystems on the system availability is tabulated in the 

form of matrices, which provide various availability level 

for different combination of failure and repair rates of all 

subsystems. 
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I. INTRODUCTION 

In the recent time of worldwide competition and 

liberalization, it is necessary that Indian industries become 

fully cognizant of the need to produce consistent products 

meeting international standards. The ―Reliability 

Engineering‖ has taken birth during World War II with a 

significant role by defense personnel; nowadays it has taken 

a new profile by combination itself in all stages of the 

product life cycle from plan to manufacturing. It is observed 

that reliability increases the initial cost of each element, 

instrument or system and also it is true that the reliability 

decreases when the difficulty of the system increases. In this 

type of complex situation, reliability of a product or service 

is best guaranteed. It is designed by the design engineer and 

built by production engineer, rather than conducting 

externally an experiment by a reliability engineer. Once the 

product is accepted by the buyer and put in operation, the 

quality of performance would be judged by how long the 

product gives useful life; this is point out by the word 

―Reliability‖. There are many definitions for reliability 

engineering, according to E.E.Lewis, ―Reliability is 

probability that a component, device, equipment or a system 

will perform its intended function adequately for a specific 

period of time under a given set of conditions‖. According 

to the definition, the probability is the basic elements of 

reliability, adequate performance, duration of adequate 

performance and operating conditions. Ericson and Pakes 

[1] proposed an approximation method for analyzing 

dynamic models of imperfect competition, Markeset and 

Kumar [2] considered the need to compensate for product 

unreliability, loss of product performance, reduced product 

output quality and lack of usability. Dongwoon et.al. [3] 

focused on a new systematic method of finding the most 

cost–risk–effective investment scenario set . Komal et al. [4] 

presented a hybridized technique for analyzing the behavior 

of an industrial system stochastically utilizing vague, 

imprecise, and uncertain data. The press unit of a paper mill 

situated in a northern part of India, producing 200 tons of 

paper per day, had been considered to demonstrate the 

proposed approach. Sensitivity analysis of system's behavior 

had also been done. Yuan and Xu . [5] studied a warm 

standby repairable system consisting of two dissimilar units 

and one repairman. Selvik et.al. [6] described reliability 

centered maintenance (RCM) was a well-established 

analysis method for preventive maintenance planning. 

Londan et al. [7] considered a latent Markov process 

governing the intensity rate of a Poisson process model for 

software failures. Guilani et al. [8] explained multi-state 

systems (MSS) reliability problems and assumed that the 

components of each subsystem have different performance 

rates with certain probabilities. Sharma and Vishwakarma, 

[9].analyzed the performance measures of complex 

repairable systems having more than two states, that was 

working, reduced and failed. It was essential to model 

suitably their states so that the system governs a stochastic 

process. The application of time-homogeneous Markov 

process was used to express reliability and availability of 

feeding system of sugar industry involving reduced states 

and it was found to be a powerful method that was totally 

based on modeling and numerical analysis.  

 The proposed method is very simple based on the 

mathematical modeling technique. The method has been 

successfully applied to various component of sugar mill 

plant. 

II. SYSTEM DESCRIPTION 

The feeding system of sugar industry has mainly four 

subsystems, namely, unloader system, carrier and kicker 

system, cutter and equalizer unit system and belt conveyor 

system [9] which is described as follows: 

A. Unloader System (𝐴1): 

It consists of three units connected in    parallel; failure of 

anyone reduces the unloading capacity of the system. The 

complete failure occurs only when all the three units are fail. 

B. Carrier And Kicker System (𝐴2): 

It consists of cane carrier and kicker units in series the 

failure of anyone cause the complete failure of the system. 

C. Cane Cutter And Equalizer (𝐴3): 

It consists of cane cutter and equalizer units in series the 

failure of anyone cause the complete failure of the system. 

D. Belt Conveyor Unit (𝐴4):   

It consists of only one belt conveyor units and the failure 

stop the working of the system completely.  
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III. ASSUMPTIONS AND NOTATIONS 

(1) Failure-free time and repair time are stochastically 

independent and continuous random variables.  

(2) Failures are not considered during repair at system 

down state.  

(3) Repair is done according to first-in/first-out 

strategy and a repaired unit is assumed as-good-as-

new. 

 𝐴1, 𝐴2, 𝐴3, 𝐴4 operative states of all four 

subsystems of feeding system.  a2, a3, a4, a1 failed states of 

systems 𝐴1* and 𝐴1** are  reduced state of A1 respectively.  

 𝜆1, 𝜆2, 𝜆3, 𝜆4 failure states of the system 𝐴1, 𝐴2, 𝐴3, 

𝐴4. 

 𝜇1, 𝜇2, 𝜇3, 𝜇4, repair rates of systems 𝐴1, 𝐴2, 𝐴3, 𝐴4. 

 𝛼1, 𝛽1 transition rate of 𝐴1 into 𝐴1* and 𝐴1* into 

𝐴1** and 𝐴1** into 𝐴1* and 𝐴1* into A1 respectively.  

 0 represents operative state. 1, 2 represent reduced 

states, while 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 represent failed 

states.  (𝑡) represents the probability that the system is in 

state 𝑗 at time. 

 
Represent good, reduced, and failed states, respectively. 

IV. METHODOLOGY 

It is clear from chapter 2 and the literature that complex 

repairable systems must possess constant failure and repair 

rates for every unit in general. Thus the performance of a 

repairable system can be easily analyzed by exhibiting time- 

homogeneous Markov process and modeling its finite states. 

By updating the Markov model, other useful measures are 

also easily obtained. The good decision of system 

parameters is always required for maximum performance 

and therefore for that an optimization technique is applied 

on the system availability model over a range of unknown 

variables. The main steps of the analysis are pointed as 

follows: 

(1) Modeling the system states by Markov process, 

that is, taking constant failure and repair rates of 

each individual. Update the model by considering 

all failed states as absorbing states; that is, once 

entered in then it is impossible to leave that state; 

(2) Obtain reliability function, steady state availability. 

Modeling by Markov Process the system is modelled as 

in [9]. but here we have considered that failure-free time as 

well as time involved in repair of failed components must be 

exponentially distributed. The corresponding transition 

diagram of involved states is shown in Figure 1.  

 

Fig. 1: Transition Diagram of feeding system of sugar mill

(1) To investigate Markov process, differential 

equations are easily derived from the transition 

diagram as maximum performance and therefore 

for that an optimization technique is applied on the 

system availability model over a range of unknown 

variables. The main steps of the analysis are 

pointed as follows: 

(2) Modeling the system states by Markov process, 

that is, taking constant failure and repair rates of 

each individual. Update the model by considering  

all failed states as absorbing states; that is, once 

entered in then it is impossible to leave that state; 

(3) Obtain reliability function, steady state availability, 

and also state the optimization model. 

To investigate markov process, differential equations 

are easily derived from the transition diagram as: 

[
 

 𝑡
 𝜆  𝜆     𝜆 ]   (𝑡)

 𝜇   (𝑡)  𝜇   (𝑡)
 𝜇   (𝑡)  𝛽   (𝑡) 

(1) 

  

[
 

 𝑡
 𝜇 ]   (𝑡)  𝜆   (𝑡) (2) 

[
 

 𝑡
 𝜇 ]   (𝑡)  𝜆   (𝑡) (3) 
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[
 

 𝑡
 𝜇 ]   (𝑡)  𝜆   (𝑡) (4) 

Equation for first transition state:-  

[
 

 𝑡
 𝜆  𝜆  𝛽  𝜆  𝜆 ]   (𝑡)

 𝜇   (𝑡)  𝜇   (𝑡)
 𝜇   (𝑡)      (𝑡) 

(5) 

[
 

 𝑡
 𝜇 ]   (𝑡)  𝜆   (𝑡) (6) 

[
 

 𝑡
 𝜇 ]   (𝑡)  𝜆   (𝑡) (7) 

[
 

 𝑡
 𝜇 ]   (𝑡)  𝜆   (𝑡) (8) 

Equation for second transition state:-  

[
 

 𝑡
 𝜆  𝜆  𝛽  𝜆  𝜆 ]   (𝑡)       

 𝜇   (𝑡)  𝜇    (𝑡)
 𝜇    (𝑡)      (𝑡)
 𝜇    (𝑡) 

 

 

(9) 

[
 

 𝑡
 𝜇 ]   (𝑡)  𝜆   (𝑡) (10) 

[
 

 𝑡
 𝜇 ]    (𝑡)  𝜆   (𝑡) (11) 

[
 

 𝑡
 𝜇 ]    (𝑡)  𝜆   (𝑡) (12) 

[
 

 𝑡
 𝜇 ]    (𝑡)  𝜆   (𝑡) (13) 

A time-homogeneous Markov process is stationary 

if the state probabilities do not depend on time [Sharma 

and Vishwakarma, (2014)].Therefore the steady state 

availability can be obtained by using the condition: as𝑡→∞, 

(𝑡) →𝑝𝑗 and (𝑡)/ 𝑡→ 0 ∀𝑗. 
The above set of equations are then transformed into 

(𝜆2 + 𝜆3 + 𝜆4+ 𝛼1) P0 = 𝜇2P3 + 𝜇3P4 + 𝜇4P5 + 𝛽1P1 (14) 

𝜇2P3 = 𝜆2P0 (15) 

𝜇3P4 = 𝜆3P0 (16) 

𝜇4P5 = 𝜆4P0 (17) 

 

Equation for first transition system 
 

(𝜆2 + 𝜆3 + 𝜆4+ 𝛽1) P1 = 𝜇2P6 + 𝜇3P7 + 𝜇4P8 +𝛼1P0 (18) 

𝜇2P6 = 𝜆2P1 (19) 

𝜇3P7 = 𝜆3P1 (20) 

𝜇4P8 = 𝜆4P1 (21) 

Equation for second transition state:-  

(𝜆2 + 𝜆3 + 𝜆4+ 𝛽1) P2 = 𝜇2P9 + 𝜇3P10 + 𝜇4P12 

+𝛼1P1 + 𝜇1P11 
(22) 

𝜇2P9 = 𝜆2P2 (23) 

𝜇3P10 = 𝜆3P2 (24) 

𝜇4P12 = 𝜆4P2 (25) 

𝜇1P11 = 𝜆1P2 (26) 

  

Solving the system of equations recursively in 

terms of P0, 
 

We get  

P3= (𝜆2/𝜇2.)P0 (27) 

P4= (𝜆3/𝜇3.)P0 (28) 

P5= (𝜆4/𝜇4.)P0 (29) 

P6= (𝜆2/𝜇2.)P1 (30) 

P7= (𝜆3/𝜇3.)P1 (31) 

P8= (𝜆4/𝜇4.)P1 (32) 

P9= (𝜆2/𝜇2.)P2 (33) 

P10= (𝜆3/𝜇3.)P2 (34) 

P11=)(𝜆1/𝜇1P2 (35) 

P12= (𝜆4/𝜇4.)P2 (36) 

Solving the system of equations 18 we get  

P1= (𝛼1 / 𝛽1) P0 (37) 

Solving the system of equations 22 we get  

P2= (𝛼1
2
 / 𝛽1

2
) P0 (38) 

Using normalizing condition i.e. sum of all the 

state probabilities is equal to one i.e. 

P0=1/ [(𝛼1 / 𝛽1) + (𝛼2 / 𝛽2) + (𝛼3 / 𝛽3) + (𝛼4/ 𝛽4)] [1+ (𝛼1 / 𝛽1)+ ( 

𝛼1
2
 / 𝛽1

2
) 

Also N1=(𝜆1/𝜇1), N2=(𝜆2/𝜇2), N3=(𝜆3/𝜇3), N4 = (𝜆4/𝜇4)  

and N1= y1 and  y2== y1
2
 

P0=1/ [(N1+N2+N3+N4)] [1+y1+y1
2
] 

The steady state availability can be obtained by 

summation of all full working and reduced capacity states 

A0=1/ [(P0+ P1+ P2)]                                

Using normalizing condition i.e. sum of all the 

state probabilities is equal to one i.e. 

Table 1.1 and figures 1 shows the effect of failure/repair 

rates of cane unloader subsystem on the availability of 

feeding system. It is observed that for some known value of 

failure/repair rates of cane carrier and kicker unit, cane 

cutter and leveler unit and chain conveyor unit (𝜆2=0.0066, 

𝜆3=0.0224, 𝜆4=0.027, 𝜇2=0.04, 𝜇3=.113, 𝜇4=0.06), as failure 

rates of cane unloader increases from 0.0076 (once in 131 

hrs) to 0.022 (once in 45hrs.) the unit availability decreases 

by 22.40%. Similarly as repair rates of cane unloader 

increases from 0.035 (once in 28hrs) to 0.04745 (once in 

21hr.) the unit availability increases by about 3.84%. 

𝜇1 

𝜆1 
.035 

.037

71 

.041

4 

.043

66 

.047

45 

Constant 

values 

.007

6 

0.88

33 

0.89

75 

0.90

96 

0.92

25 

0.92

17 
𝜆2=0.0066, 
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.010

75 

0.81

44 

0.83

16 

0.84

65 

0.86

23 

0.87

96 
𝜆3=0.0224, 

.013

6 

0.76

12 

0.77

90 

0.79

63 

0.81

35 

0.83

17 
𝜆4=0.027, 

.016

6 

0.71

20 

0.73

2 

0.74

95 

0.76

84 

0.78

83 
𝜇2=0.04, 

.022 
0.65

93 

0.67

84 

0.69

92 

0.72

25 

0.72

80 

𝜇3=0.113,𝜇4=

0.06 

Table 1.1: Availability matrix of subsystem A1 of feeding 

system. 

 

Fig. 2: Effect of failure and repair rates of subsystem A1 on 

the Availability of Feeding system. 

Table 3.2 and figures 3.3 show the effect of 

failure/repair rates of cane carrier and kicker subsystem on 

the availability of feeding system. It is observed that for 

some known value failure/repair rates of cane unloader, cane 

cutter and leveller unit and chain conveyor (𝜆1=0.0076, 

𝜆3=0.0224, 𝜆4=0.027, 𝜇1=0.035, 𝜇3=.113, 𝜇4=0.06),, as 

failure rate of cane carrier and kicker unit increases from 

0.00666 (once in 150 hrs.) to 0.022 (once in 45hrs) the unit 

availability decreases by 19.24%. Similarly as repair rate of 

cane carrier and kicker unit increases from 0.04 (once in 25 

hrs.) to 0.0645 (once in 15 hrs.) the unit availability 

increases by about 4.15%. 

𝜇2 

𝜆2 
.04 

.047

45 
.05 

.057

5 

.064

5 

Constant 

Values 

.006

66 

0.81

16 

0.82

50 

0.83

41 

0.84

34 

0.85

31 
𝜆1=0.0076, 

.007

40 

0.79

96 

0.81

51 

0.82

31 

0.83

31 

0.84

46 
𝜆3=0.0224, 

.009

5 

0.76

74 

0.78

49 

0.79

63 

0.81

86 

0.82

24 
𝜆4=0.027, 

.013

3 

0.71

53 

0.73

53 

0.75

01 

0.75

62 

0.78

13 
𝜇1=0.035, 

.022 
0.61

92 

0.64

43 

0.66

32 

0.68

42 

0.70

45 

𝜇3=0.113,𝜇4=

0.06 

Table 1.2: Availability matrix of subsystem A2 of feeding 

system. 

 
Fig. 3: Effect of failure and repair rates of subsystem A2 on 

the Availability of Feeding system 

Table 1.3 and figure 2 show the effect of 

failure/repair rates of cane cutter and leveller subsystem on 

the availability of feeding system unit .It is observed that for 

some known values of failure/repair rates of cane unloader, 

cane carrier and kicker unit and chain conveyor (𝜆2=0.0066, 

𝜆1=0.0076, 𝜆4=0.07, 𝜇2=0.04, 𝜇1=.035, 𝜇4=0.06), as failure 

rate of cane cutter and leveller unit increases from 0.0224 

(once in 44 hrs.) to 0.08 (once in 13hrs) the unit availability 

decreases by 19.91%. Similarly as repair rate of cane cutter 

and leveller unit increases from 0.113 (once in 9 hrs.) to 

0.168 (once in 5.9 hrs.) the unit availability increases by 

about 5%. 

𝜇3 

𝜆3 
.113 .119 .127 .144 .168 

Constant 

values 

.02

24 

0.81

25 

0.81

22 

0.81

98 

0.84

43 

0.86

25 
𝜆2=0.0066, 

.02

7 

0.79

60 

0.81

64 

0.82

47 

0.83

26 

0.84

82 
𝜆1=0.0076, 

.02

9 

0.77

52 

0.78

95 

0.79

75 

0.80

49 

0.83

53 
𝜆4=0.027, 

.06 
0.71

78 

0.73

22 

0.74

31 

0.76

58 

0.78

99 
𝜇2=0.04, 

.08 
0.61

34 

0.62

64 

0.64

19 

0.67

94 

0.71

06 

𝜇1=0.035,𝜇4=

0.06 

Table 3.3: Availability matrix of subsystem A3 of feeding 

system. 

 
Fig. 4: Effect of failure and repair rates of subsystem A3 on 

the Availability of Feeding system 

Table 1.3 and figure 4 show the effect of 

failure/repair rates of chain conveyor subsystem on the 

availability of feeding system. It is observed that for some 

known values of failure/repair rates of cane unloader, cane 

carrier and kicker unit, cane cutter and leveller unit 

(𝜆2=0.0066, 𝜆3=0.0224, 𝜆1=0.0076, 𝜇2=0.04, 𝜇3=.113, 

𝜇1=0.035), as failure rate of chain conveyor increases from 

0.027 (once in 37 hrs.) to 0.035 (once in 28hrs.) the unit 
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availability decreases by 21.59%. Similarly as repair rate of 

belt conveyor increases from 0.06 (once in 16 hrs.) to 0.10 

(once in 10 hrs.) the unit availability increases by 8.95%. 

𝜇4 

𝜆4 
.06 .07 .08 .09 .10 

Constant 

Values 

0.0

27 

0.70

5 

0.78

61 

0.84

02 

0.88

65 

0.92

09 

𝜆2=0.0066, 

𝜆3=0.0224, 

𝜆1=0.0076, 

𝜇2=0.04, 

𝜇3=0.113,𝜇1=

0.035 

.02

9 

0.69

05 

0.75

21 

0.81

72 

0.86

46 

0.90

02 

.03

1 

0.66

69 

0.72

96 

0.79

63 

0.84

18 

0.88

12 

.03

3 

0.64

73 

0.71

73 

0.77

58 

0.82

32 

0.86

21 

.03

5 

0.61

55 

0.68

66 

0.74

66 

0.79

53 

0.83

52 

Table 3.4: Availability matrix of subsystem A4 of feeding 

system. 

 
Fig. 5: Effect of failure and repair rates of subsystem A4 on 

the Availability of Feeding system. 

V. CONCLUSION 

The decision support system for feeding system has been 

developed with the help of mathematical modeling using 

probabilistic approach. The decision matrices are also 

developed. These decision matrices facilitate the 

maintenance decisions to be made at critical priority should 

be given to some particular subsystem of feeding system. 

Decision matrix as given in table clearly shows that cane 

unloader is most critical subsystems as for maintaince is 

concerned. So cane unloader subsystem should be given top 

priority as the effect of its failure/repair rates on the system 

availability is much higher than that of cane carrier and  

kicker, cane cutter and equalizer and belt conveyor. On the 

basis of failure rates, the relative failure/repair priorities 

from maintenance point of view should be given as below. 

(1) First priority should be given to the cane unloader. 

(2) Second  priority should be given to the cane cutter 

and equalizer 

(3) Third priority should be given to the cane carrier 

and kicker. 

(4) Forth priority should be given to the belt conveyor. 
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