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Abstract: In this paper the Kamat-Riley (K-R) event-based Monte Carlo simulation 
method was used for reliability analysis of longwall shearer machine. Shearer machine 
consists of six subsystems; water, haulage, electrical, hydraulic, cutting arms and cable 
systems in a series network configuration. A shearer in the Tabas coal mine was selected 
as case study and its all failure data were collected and used for reliability analysis of 
subsystems. With negligible assumption of time to repair, a flowchart was built for 
programming the simulation process. The Matlab mathematical programming software 
was used for reliability simulation process. Finally the reliability plot of longwall shearer 
machine was achieved and upper and lower bound reliability were calculated. The results 
illustrate that the reliability of shearer machine reduces to zero in a period of 100h. There 
is a 50% chance that the shearer will not fail for the first 12h of operation.  
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1.    Introduction 

Longwall mining is a high productive underground coal mining method. In this method, 
coal is extracted by an automated cutting machine called "shearer" that moves along a 
track parallel to the working coal face. The cut coal falls into Armored Face Conveyor 
(AFC) and is transported along the working face and eventually out of the mine.  

Up to now, the reliability of longwall systems and equipments has been studied by few 
researchers [1-8]. The objectives of these studies are the reliability analysis of power 
supports, AFC machine, drum shearer, stage loader, belt system and general production 
system of longwall faces. In the previous studies the classic reliability modeling and fault 
tree analysis techniques have been and any serious simulation approach hasn't been done 
on machineries of longwall mining system.  

This paper aimed a comprehensive reliability study on longwall shearer machine using 
the event-based K-M Monte Carlo simulation method. The shearer machine of Tabas coal 
mine in central desert of Iran has been selected as a case study and for data collection. 
Through this research, the reliability plot, upper and lower bound of shearer's reliability 
with 90% confidence level has been developed and discussed. 

2.    Monte Carlo Reliability Simulation 

Monte Carlo simulation method is now recognized as playing an important role in system 
reliability assessment and optimal maintenance of large-scale complex networks, which 
generally there are four major difficulties in evaluation of that [9]: 

- The system reliability structure may be very complicated;  
- Subsystems may follow different failure distributions; 
- Subsystems may have arbitrary failure and repair distributions for maintained 

systems;  
- Failure data of subsystems are sometimes not sufficient and sample size of life 
test or field population tends to be small. 

Nowadays, Monte Carlo methods are used in widely in the field of reliability engineering, 
maintenance, spare part planning [10] etc. The method which is selected for each 
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application is related to the quality of date, simulation assumptions and needed outputs.     
Wang and Pham [9] have classified reliability simulation methods in two main 

categories; methods for non-repairable systems and methods for repairable Systems. 
There are five main methods for non-repairable systems which are summarized in Table 1. 
As it's seen in this Table, all the suggested methods are the modified form of K-R method 
and have been suggested for special cases. Therefore, the K-R method can be considered 
as the most general and basic Monte Carlo reliability simulation algorithm.  

Table 1: Monte Carlo Simulation Methods for Non-repairable Systems (Summary from [11]) 

Name Researcher Year Application fields 

K-R Kamat and Riley [12] 1975 Can be applied to most systems with arbitrary system 
reliability structure and different subsystem failure 
distributions without modification. 

R-M Rice and Moore [13] 1983 Can be applied to any complex system structure 
whose subsystem failures follow binomial 
distributions, especially to the systems with zero-
failure subsystems. 

C-H Chao and Huang [14] 1987 This method was presented for improving the upper 
error of the R-M method. It can predict the exact 
bounds of reliability of system by binomial behavior. 
For binomial failure, this method is suggested 
instead of R-M method. 

L-D-L Lin et al. [15] 1988 The method is also used to analyze problems with 
binomial failure distribution. It increases failure 
information of subsystems using a priori failures 
from the Bayes method. 

L-D Lin and Donagh [16] 1993 This method first utilizes the Monte Carlo method to 
determine the minimal tie-sets by tracing through the 
system, and then uses the minimal tie-sets to 
simulate system failures, the minimal cut sets and 
system reliability. This method does not give 
confidence interval estimates. 

 
In recent years, some researchers, for example, Kamat and Franzmeier [17], Kumamto et 
al. [18,19], Moore et al. [20] and Kim and Lee [21] have presented few approaches to 
simulate the reliability of repairable systems. However, less work has been done on 
repairable systems. Among the above mentioned methods, Kamat and Franzmeier have 
suggested a general method for simulating the reliability of systems using the basic 
concept of K-R method for non-repairable systems. It is the first one in analyzing the 
repairable systems and has a very simple substance and fast running process. Therefore, it 
is one of the most popular methods in reliability simulation of repairable systems which 
have been used so far. 

3.     K-R Monte Carlo Reliability Simulation Method 

Kamat and Riley [12] presented their method as the first general method in reliability 
simulation of complex non-repairable systems. After one year, Kamat and Franzmeier 
[17] improved the previous method and developed a new method which was applicable 
for repairable systems. The distributional approximation is at the component level, thus 
reducing the possible error in the resulting reliability estimate [22]. The stages of the K-R 
method are as follow: 



       Reliability Analysis of Coal Shearer Machine Using Event-Based Monte Carlo Simulation Method        489 
 
 

 

1) Find out all minimal tie-sets from system Reliability Block Diagram (RBD). 
Assume that we need to obtain system reliability interval estimates at some time point t. 

2) From the life distribution of each subsystem, a random failure time t i is generated 
where i represents the ith subsystem, 0<i< n. 

3) Compare t i with t for all subsystems. If t i>t, this indicates that at the time t 
subsystem i functions properly; if t i<t, then subsystem i has gotten failed. 

4) Determine whether the whole system is functioning or down according to the statues 
of its subsystems at t from step (3). Check all subsystems in a minimal tie-set. If all of 
them are operational then the system operates properly at the time t. If one or more of 
them fails, then the tie-set is broken (failure) at t. Further, check next minimal tie-set until 
an unbroken one appears, which means that the system is operational at t. If all minimal 
tie-sets are broken then the system fails at t. 

5) Repeat steps (2), (3), (4) for, say, n times. Count failure and success numbers of the 
system respectively: nS(t) and nF(t). Note that n=nS(t)+ nF (t). The system reliability point 
estimate corresponding to t is given by equation (1): 
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Note that the simulation results are of binomial type. Based on the Normal approximation 
to the Binomial distribution, the 100(1-γ) % confidence intervals of system reliability at 
time t are given by equation (2): 
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where zRγR is the double-side 100γ% percentile of the standard Normal distribution with 
mean zero and variance 1. 

As mentioned before, Kamat and Franzmeier [17] presented the new extension of the 
K-R Monte Carlo method for repairable systems. The main structure of this method was 
similar to previous one but the random repair time generation and simulation had been 
added to the algorithm. Since repair time of a failed component is s-independent of repair 
or failure of any other component, the only required information is the cumulative 
distribution of repair time for any component. Given that component i failed at tRiR.  

Regarding the descriptions above and exact investigations of K-R methods for non-
repairable and repairable systems, it is obvious that if the time to repair be neglectable, the 
simulation of repair time is deleted from algorithm of repairable systems and the 
simulation methods changes to a basic K-R method which is used for non-repairable 
systems. 

4.   Case Study: Tabas Coal Mines 

4.1  General Information  

Tabas coal mine is located in the eastern Iran and is the largest longwall coal mine of Iran. 
The annual production of the mine is 1.5 million ton raw coal and it was planned to have 
27 panels in its life time. The studied panel (panel E2) had 1.8m thicknesses, 215m width 
and 1200m length. The coal is extracted by retreat longwall method using a double-drum 
shearer which is presented in the Figure 1. Total power of this shearer is 600kW and 
supply voltage is 1100V. Weight of the machine is approximately 35.2 tones. 
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Figure 1: Studied Coal Shearer Machine in Tabas Coal Mine 

 
For reliability analysis, according to the operation manuals of machine, maintenance 

reports and field observations, six main subsystems were defined in series configuration 
for the machine. These subsystems are: water system, haulage, electrical system, 
hydraulic system, cutting arms and cable system (power transition system).  

4.2   Reliability Study: Failure Data Collection and Analysis 

The failure data were collected for two years (2007-2009) for estimating the parameters of 
component failure distributions and for the mean time between failures. The start of the 
period corresponded to the start of the production in mine (a machine was new) and the 
period finished at the end of first longwall panel. The real operational usage of the 
machine over the data period was 2643.5 hours.  

Before any reliability analysis, tests for trends and serial correlations were done to 
check whether the assumption of iid (independent and identically distributed) for the data 
sets is contradicted or not? To find the best fit distribution, different types of statistical 
distributions were tested on the data using the WeibullP

++
P and Easyfit softwares. The 

Kolmogorov-Smirnov (K-S) test was used for selecting the best distribution among the 
top choices. The result of data analysis and best fit distributions are illustrated in Table 2. 
The related cumulative failure distribution functions are shown in Figure 2.  

4.3  Reliability Simulation; Assumptions and the Process 

Reliability simulation of shearer machine that is presented in this paper is based on the 
following assumptions:  
1) All subsystems are repairable  
2) The time to repair (TTR) is neglectable in comparison with machine performance times 
3) The machine has series configuration, therefore there is no need to find out all minimal 
tie-sets from system reliability lock diagram 

About the second assumption it is obvious that, according to the collected field data, 
the whole time to repair (TTR) was 5.16% of whole operation hours and we can neglect it 
in simulation process. The third assumption simplifies the basic simulation process and 
reduces the program running time.  

The main part of program performance is the generating the random failure times 
using the failure density functions of each subsystem illustrated in Table 2 and Figure 2. 
In order to fast and reliable calculations of simulation process the Matlab programming 
software was used.   

In the simulation process there is a unique N which after that the results of simulation 
reaches an approximately a constant value. This N can be selected for iteration number of 
simulation. In this paper in order to find the suitable N, the program was run with different 
N varies from 100 to 12000 at the time 10h. The result of this testing process shows that 
after 7500 iteration the reliability of system falls into a very narrow area between 0.59 and 
0.6 and continues in the approximately constant level. Therefore, 7500 was selected for 
iteration number of simulation. 
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Table 2: The Result of Data Analysis and the Best-fit Distributions 
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Figure 2: Representative Curves of Cumulative Failure Functions of Subsystems of Coal 

Shearer Machine 
After running the simulation program, the program calculates the simulated reliability, 

upper and lower bounds with 90% confidence for every t as an input time. Resulted 
reliability plot from simulation process is presented in Figure 3. The calculated upper and 
lower bounds of estimated reliability are presented in Table 3. As can be seen in Table 3, 
the upper and lower bounds are too closed to reliability plot and it is not possible to show 
them in same plot by simulated reliability. Therefore, the small part (from t=35 to t=45) of 
them is shown as zoom-in part in Figure 3. 

The reliability plot shows that, the reliability of whole system of shearer machine 
reduces to zero in a period of about 100h. There is a 50% chance that the shearer will not 
fail for the first 12h of operation. It shows that if we want to hold this machine in a good 
operational condition, for example the reliability level of 75%, we pay serious attention to 
servicing and maintaining the shearer in every ~5 hours intervals. These short intervals 
obviously show that drum shearer has high failure potential and can cause many 
production stoppages, which is the worst and the most critical threat for production 
continuity in longwall mines. The upper and lower limits of reliability which were 
calculated by simulation process show the upper and lower possible reliability with 90% 
confidence. These values can help us in flexible analysis of reliability and operation 
management. 

  
 

Subsystem Best-fitted distribution K-S test Parameters 
Water System Gamma 0.068 α =0.8803, λ=58.36 
Haulage  Weibull -3 Parameters 0.166  η =130.39, β = 0.742, γ = 17.29 

 
 Electrical System Lognormal 0.1017 σ =1.282, μ =4.0261 

Hydraulic System Weibull -3 Parameters 0.132 η =115.64, β = 0.584, γ = 5.42 
 Cutting arms Power Law Process No iid β = 1.58, θ = 443.8 

Cable System Power Law Process No iid β = 1.76, θ = 301.45 
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Figure 3: Simulated Reliability of Coal Shearer Machine 

5.   Discussion; Compaction between Simulation and Analytical Modeling 

One of the interesting discussions in simulation of engineering phenomena and quantities 
is comparison of the result of simulation and modeling approaches. In this section the 
result of reliability simulation and reliability modeling of drum shearer are compared with 
each others. As mentioned before, the coal shearer has series network and the total 
reliability of machine at time t is calculated by multiplying the reliability of subsystems in 
time t. Nevertheless, in simulation method, the reliability is calculated directly based on a 
stochastic process which is much closed to original nature of failure occurrence in 
engineering systems. Figure 4 shows the reliability plots of drum shearer machine resulted 
from simulation and modeling methods. As can be seen in this figure, both methods have 
very closed results. But, in a period of time (between times 4 to 28) the simulation method 
presents higher value than modeling method. May be, this shows that in this part of plots 
which the rate of reduction of reliability decreases and system has a transmittal condition, 
the simulation has more efficiency than modeling method, but not so much. Finally, 
regarding the Figure 4, if the good and comprehensive data are not available or there are 
some operational errors, the simulation method will present more reliable results than 
modeling method. 

6.    Conclusion 

In this paper the reliability of drum shearer at Tabas mechanized longwall coal mine was 
analyzed using Kamat-Riley (K-R) simulation method. The simulation process was run 
based on a series configuration of shearer machine with six main subsystems. 

The computer program was prepared in MATLAB software to do the simulation 
process. Then, the reliability, upper and lower bounds were calculated by program and the 
plots were presented. The results of simulation showed that the reliability of the longwall 
shearer machine reduces to zero in a period of about 100h. This short time shows that this 
important mining machine needs a serious maintenance and servicing planning. The 
resulted reliability plots can help the mine managers and engineers to redesign their short 
and long term extraction plan of mine based on the reliability and real production capacity 
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of shearer machine. For future studies, a comprehensive study should be done on 
maintenance scheduling and cost analysis of this machine. Also, the production risk of 
shearer should be studied to help the mine managers to reduce the risk of whole 
production system. 
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Figure 4: Comparison of the Results from Simulation and Modeling Methods 
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