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Abstract 

This paper analyzed a gas turbine system by using method of α-cuts coupled with trapezoidal 

fuzzy numbers of different left and right height for general distribution.Gas turbine system 

having six subsystems namely - Air inlet subsystem, Compressor subsystem, Combustion 

chamber subsystem, Turbine subsystem, Electric generator subsystem and Governing subsystem 

which are working in series. Subsystems turbine, electric generator and governing fails 

completely via reduced capacity. Fuzzy failure and fuzzy repair rates of all the subsystems are 

taken as general. Giving particular values to various parameters and costs, the numerical results 

for availability and profit are obtained by considering exponential, Rayleigh and 

Weibulldistributions for all random variables. 

Keywords Gas turbine system, Trapezoidal fuzzy numbers with different left and right heights, 

Fuzzy availability, Fuzzy profit, General distributions. 

 

Introduction 

In the present era of modernization and industrial growth, the fabrication of new products is 

becoming more and more complex in nature. Due to this complexity the comprehensive study of 

reliability analysis of the system becomes more apparent.But due to innovation and 

interconnection of different research field, the reliability analysis got exposure to different field 

of sciences such as electrical, mechanical, electronic and other associated fields. Mathematical 

aspects have made the reliability more applicable to many industries. Many researchers and 

engineers discussed reliability models of various industrial systems or subsystems. Kumar et al. 

(1989) discussed the reliability analysis of feeding system of paper industry. In continuation of 

this Kumar et al.(1989) evaluated availability of washing system in paper industry with constant 

failure and repair rates. Kumar et al. (1990) discussed reliability of a refining system in sugar 

industry. Kumar and Pandey (1993) discussed about maintenance planning in urea fertilizer 

plant. Kumar et al. (1997) analyzed the steady state behavior of a desulphurization system in 

urea plant. Using fourth order Runga- Kutta method Gupta et al. (2004) obtained numerical 

results for reliability and availability of a butter oil processing plant. Using simulated model 

Gupta and Tiwari (2009) obtained the reliability of a thermal power plant. Suleiman (2013) 
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evaluated the performance of a thermal power plant. Iqbal and Uduman (2016) discussed 

reliability of paper plant using Boolean function with fuzzy logic technique. 

The traditional reliability techniques are dependent on probability obtained by the crisp or 

precise data values. However in actual practice the data obtained may or may not be precise or 

certain. Therefore in many industrial problems it may be difficult to derive useful information 

about reliability of the system where data is imprecise, vague or linguistic in nature. To handle 

these situations the concept of fuzzy sets may be quite helpful to derive the reliability of the 

system. 

Zadeh (1965) presented the concept of fuzzy set theory. The concept of fuzzy set or fuzzy 

number can handle all possible states or outcomes associated with a system. Since then a lot of 

work has been done by many researchers like Singer (1990),Cai et al (1999(a),1999(b)), Cheng 

and Mon (1993), Chen (1994) and Verma et al.(2002) to determine reliability of various system. 

Furthermore, Aliev and Kara (2013) discussed fuzzy system reliability using the interval of 

confidence and time dependent fuzzy set. Buckley and Feuring (2001) proposed two analytical 

methods for solving n
th

 order fuzzy differential equation. Using one of the method given by 

Buckley and Feuring, Lata and Kumar (2011)observed that the reliability of markov model need 

not be a fuzzy number even if the random variable associated with the system are taken as fuzzy 

number. To overcome this problem Lata and Kumar proposed Mehar’s method and evaluated 

fuzzy reliability of Piston manufacturing system. Verma et al.(2012) studied power system 

reliability evaluation using Fault tree analysis based on generalized fuzzy numbers. Kumar and 

Lata (2012) evaluate fuzzy reliability of condensate system. Chen et al (2012) proposed a new 

approach for analyzing fuzzy risk based on fuzzy numbers with different left and right heights. 

Verma and Kumar (2014) evaluated the reliability of a gas turbine system using vague λ-τ 
methodology. Goel and Narain (2018) discussed the fuzzy availability of Polytube industry by 

taking general distributions of all random variables.Most of the fuzzy reliability techniques 

available in literature deal with triangular or trapezoidal types of fuzzy numbers. These fuzzy 

numbers incorporate precision of data on a point or on an interval. But it is quite possible that the 

data available with an industrial system may be imprecise or uncertain throughout the operating 

time of the system under consideration. 

Thermal industry is one of the most important industry associated with the life of a human being. 

It meets many commercial and daily life requirements in one or another way. Due to increasing 

population and urbanization power consumption is increasing per day, but on the other hand 

natural resources such as coal, fossil fuels and plant woods are limited in abundance. This 

industry need to be focused from reliability prospective. To achieve optimum reliability, failure 

hazards should be constrained to minimize as possible. A gas turbine system is a combustion 

engine that converts natural gas or other liquid fuels to mechanical energy which in turn derives 

a generator to produce energy. This feature of production of energy makes gas turbine as one of 

the key components of various industries such as thermal industry, automobile industry and 

many other mechanical industries. 
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Keeping in mind the importance of gas turbine system in industries, its availability and profit etc. 

should be calculated in more flexible and intelligent manner to counter with the technical and 

economical challenges.To handle these situationsof more fuzziness, fuzzy numbers of different 

left and right height are used to evaluate fuzzy profit and fuzzyavailability of a gas turbine 

system. Gas turbine system having six subsystems namely - Air inlet subsystem, Compressor 

subsystem, Combustion chamber subsystem, Turbine subsystem, Electric generator subsystem 

and Governing subsystem which are working in series. Subsystems turbine, electric generator 

and governing fails completely via reduced capacity. Fuzzy failure and fuzzy repair rates of all 

the subsystems are taken as general. Giving particular values to various parameters and costs, the 

numerical results for availability and profit are obtained by considering exponential, Rayleigh 

and Weibull distributions for all random variables. 

This paper has been organized as follows: Section 1is introductory in nature,Section 2 introduces 

the basic definitions and arithmetic operations related to traditional trapezoidal fuzzy numbers 

and trapezoidal fuzzy numbers with different left and right height. In section 

3,comparisonbetween traditional and proposed method has been discussed. In section 4, a 

complete introduction about description of the system along with notations and assumptions of 

the system is given. Section 5 discussed the mathematical modeling of gas turbine system is 

presented. In section 6, fuzzy availability and fuzzy profit has been calculated. Conclusion drawn 

from analysis is discussed in section 7. 

 

Basic Definitions 

In this section, some basic definitions and arithmetic operations related to traditional trapezoidal 

fuzzy numbers and trapezoidal fuzzy numbers with different left and right height are presented: 

Definition2.1:-A trapezoidal fuzzy number )d,c,b,a(A
~
  is said to be zero trapezoidal fuzzy 

number if and only if .d,c,b,a 0000   

Definition2.2:- An α-cut of a fuzzy number A
~

 is defined as a crisp set

},Xx,)x(:x{A
A
~   where ],[ 10 . For a trapezoidal fuzzy number )d,c,b,a(A

~
  the α-

cut ].)cd(d,)ab(a[A    

Definition2.3:-Two α-cuts ]b,a[A   and ]d,c[B   are said to be equal i.e.  BA  if and 

only if .dcandba   

Definition2.4:-Let ]b,a[A   and ]d,c[B  be two α-cuts of trapezoidal fuzzy numbers A
~

and B
~

 

respectively. Then 

]db,ca[BA   

]cb,da[BA   







0
0




]a,b[
]b,a[

A  

)]bd,bc,ad,acmax(),bd,bc,bd,ac[min(BA   
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Definition2.5:-A fuzzy number )d,c,b,a(A
~
  is said to be a trapezoidal fuzzy number if its 

membership function is given by 


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Definition2.6:-A set },);d,c,b,a{(A
~

RL   is said to be a trapezoidal fuzzy number with 

different left and right heights if its membership function is given by 


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Definition2.7:- An α-cut of a fuzzy number )d,c,b,a(A
~
   with different left height and right 

height is defined as 


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Comparison between traditional and proposed method 

 

The method ofα-cuts, given by Buckley and Feuring (2001),is one of the most commonly used 

methodto solve a n
th 

order fuzzy initial value problem.This method involves the use of traditional 

trapezoidal fuzzy numbers. In our proposed method these traditional fuzzy numbers are replaced 

by trapezoidal numbers of different left and right height. To illustrate the difference between 

traditional method and proposed method, we consider a single unit model shown in Fig.1. Fuzzy 

failure rates )
~

,
~

,
~

( 321   and fuzzy repair rates )~,~( 21  associated with this system represented by 

traditional trapezoidal numbers are given by:  

).,.,.,.(
~

0030200028700025800023001  ).,.,.,.(
~

0050400048400045800040802 

).,.,.,.(
~

0035200032500029400026503   

and  ).,.,.,.(~ 58005250500045601  ).,.,.,.(~ 42804050360031502   
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Fig. 1: Transition diagram of a single unit system 
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Fuzzy differential equations associated with the above model are given as: 

)t(P
~~)t(P

~~)t(P
~~

)t( P
~

3221111    

)t(P
~

)t(P
~~

)t( P
~

11222  
)t(P

~
)t(P

~~)t(P
~

13323  
 

Where
311  ~~~

 , 122  ~~~
  

With initial conditions 

).,.,.,.()(P
~

975096509550945001  3200000 ,ifor),,,()(P
~

i   

 

Fuzzy availability by traditional method 

 

The fuzzy differential equations stated above are solved by the traditional method of α-cuts. The 

implicit solutions ),,i,p~( i 321 thus obtained are used to calculate the fuzzy availability 

mathematically as )t(P
~

)t(P
~

)t(A
~

21  . The numerical values of the availability are shown in the 

following table 

Table 1 
Fuzzy 

Availability 

α 

At t=24 At t=48 At t=72 At t=96 At t=120 

),t(A
~ 1

 

),t(A
~ 2  ),t(A

~ 1  ),t(A
~ 2

 

),t(A
~ 1

 

),t(A
~ 2

 

),t(A
~ 1

 

),t(A
~ 2

 

),t(A
~ 1

 

),t(A
~ 2

 

0 0.945

34 

0.9755

2 

0.9448

8 

0.9749

2 

0.944

42 

0.974

32 

0.943

97 

0.973

72 

0.943

51 

0.973

12 

2 

3 

λ1 

λ

λ2 λ3 

τ1 

τ2 

1 
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0.2 0.947

38 
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0.9469

0 
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0 
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0 
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Graphical representation 

 
Fig.2: Fuzzy availability by traditional method 

 

3.2.Fuzzy Availability by proposed method 

The fuzzy differential equations stated above are solved by the method of α-cuts by replacing the 

traditional trapezoidal fuzzy numbers with trapezoidal fuzzy numbers of different left and right 

height. The implicit solutions ( 321 ,,i,p~i   ) thus obtained are used to calculate the fuzzy 

availability mathematically as ).t(P
~

)t(P
~

)t(A
~

21  The numerical values of the availability are 

shown in the following table. Availability thus obtained is represent graphically in Fig. 3  
 

Table 2 

Fuzzy 

Availabil

ity 

Α 

At t=24 

 

At t=48 At t=72 At t=96 At t=120 

),t(A
~ 1

 

),t(A
~ 2

 

),t(A
~ 1

 

),t(A
~ 2

 

),t(A
~ 1

 

),t(A
~ 2

 

),t(A
~ 1

 

),t(A
~ 2

 

),t(A
~ 1

 

),t(A
~ 2

 

0 0.945

34 

0.975

52 

0.944

88 

0.974

92 

0.944

42 

0.974

32 

0.943

97 

0.973

72 

0.943

51 

0.973

12 

0.2 0.949 0.973 0.948 0.972 0.948 0.971 0.947 0.971 0.947 0.970
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Graphical Representation 

 
Fig. 3: Fuzzy Availability by proposed method 

 

Advantages of proposed method over traditional method 

 

One may observe that the availability obtained by the proposed method asserts more fuzziness. 

To include more fuzziness in data available with the system we consider α-cuts for α<1.This 

deals with those situations when there is no precise information or there is more hesitation with 

the information available with the system. Fig 2 indicates that only those values of availability 

are admissible which bear higher degree of membership. Therefore, in traditional method the 

data must have high degree of acceptance to achieve sustainable availability. On the other 

handFig 3 indicates that those values of availability are acceptable which has lower degree of 

membership. This conclude that if we couple λ-τ methodology with trapezoidal number of 
different left and right height then system can be made available for longer period of its run time. 

 

System description, notations and assumptions of gas turbine system 

 

In this section, a detailed description of the gas turbine system and its subsystem is given along 

with notations and assumptions which are used to analyze the fuzzy availability and fuzzy profit. 
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System description 

Gas Turbine system is one of the most widely used powergenerating system. It is a type of 

internal combustion engine which produce hot gases to spin a turbine to produce power. A gas 

turbine system can utilize a variety of fuels including natural gas, fossil fuel and synthetic fuel. 

Gas turbine system consists ofsixsub-systems like air inlet subsystem, compressor subsystem, 

combustion chamber subsystem, turbine subsystem, electric generator or alternator subsystem, 

governing subsystem. 

The operations that are performed on these sub-systems are as follows: 

Sub-system A (Air inlet subsystem): Air inlet subsystem is essential successful operation of a 

gas turbine system. It protects gas turbine system from impurities and dust in the air which may 

reduce the efficiency and output of the plant.It provides clean air into the compressor subsystem. 

A blade cleaning system comprising of a high pressure pump provides  cleaning facility for the 

compressor blades.  

Sub-system B (Compressor subsystem): The Role of this system is to sucks air from the 

atmosphere and compresses it to pressures in the range of 15 to 20 bar and feeds it to the 

combustion chamber. It consists of a number of rows of blades mounted on a shaft like a series 

of fans placed one after the other.  

Sub-system C (Combustion chamber subsystem):A combustion chamber or combustor 

subsystem is another main component of a gas turbine where combustion takes place. It is 

typically made up of a ring of fuel injectors that inject a steady stream of fuel into combustion 

chambers where it mixes with the air. The combustion produces a high temperature, high 

pressure gas stream that enters and expands through the turbine system. 

Sub-system D  (Turbine subsystem): The turbine subsystem does the main work of energy 

conversion in a gas power plant. It is intricate array of alternate stationary and rotating aerofoil-

section blades. As hot combustion gas expands through the turbine, it spins the rotating blades. 

The rotating blades perform a dual function as they drive the compressor to draw more 

pressurized air into the combustion section and they spin a generator to produce electricity.  

Sub-system E  (Electric generator or alternator subsystem): The turbine is linked by an axle 

to a generator, so the generator spins around with the turbine blades. As it spins, the generator 

uses the kinetic energy from the turbine to make electricity. 

Sub-system F (Governing /Starting subsystem):Starting system provides the initial 

momentum for the gas turbine system to reach the operating speed. The gas turbine system in a 

power plant runs at 3000 RPM (for the 50 Hz grid - 3600 RPM for the 60 Hz grid). During 

starting the speed has to reach at least 60 % for the turbine to work on its own inertia. The simple 

method is to have a starter motor with a torque converter to bring the heavy mass of the turbine 

to the required speed.  

 

Notations 

The following notations are used to analyze the gas turbine system: 
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F,E,D,C,B,A Good conditions of the sub-systems 

, e, fa, b, c, d Failed state of the sub-systems Fand, E, A, B, C, D respectively 

F and ,E ,D Indicate that the sub-systems F and ,E ,D are working in reduced capacity. 

9) to 1(i 
~

i  Fuzzy failure rates of  FandE,D,, E, FA, B, C, D  respectively. 

) to i( ~
i 91  Fuzzy repair rates of FandE,D,, E, FA, B, C, D  respectively. 

)(P
~

i 0 Fuzzy probability of the system working with full capacity. 

441 ..,.i),t(p~
I

 Fuzzy probability that the system is in stateSi at time t. 

)t(P
~ '

i Represent the first order derivative with respect to time t. 

  Indicates that the system is in  good condition. 

 

 Indicates that the system is in reduced state. 

 

 Indicates that the system is in failed state. 

 

Assumptions 

(i) Sub-systems FED  and  , completely fail through reduced states. 

(ii) All the subsystems work as good as new after their repair. 

(iii) Fuzzy failure rates and fuzzy repair rates follow general distribution. 

(iv) Fuzzy failure rates and fuzzy repair rates are independent with each other. 

 

Mathematical modeling 

In this section, Fuzzy differential equations are developed by using the transition diagram of the 

gas turbine system which are: 
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Fig.4: State transition diagram 
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),.,.,.()(P
~

199509900985001 
 

and 

4443200000 ...,,ifor),,,()(P
~

i   
 

Fuzzy failure rates and repair rates of gas turbine system 

Fuzzyfailure and fuzzy repair rates (represented by trapezoidal fuzzy numbers) used for analyzing the fuzzy availability and fuzzy 

profit of the gas turbine system are given in the following table: 

 

 

Table 3 

Fuzzy failure rates Fuzzy repair rates 

).,.,.,.(
~

00087500007750000675000057501   ).,.,.,.(~ 105001045010400103501   

).,.,.,.(
~

00064500005450000445000034502   ).,.,.,.(~ 02600250024002302   

).,.,.,.(
~

002900028000270002603   ).,.,.,.(~ 087500775006750057503   

).,.,.,.(
~

001400013000110001004   ).,.,.,.(~ 082000819008170081604   

).,.,.,.(
~

004200038000340003005   ).,.,.,.(~ 0175000174000173000172005   

).,.,.,.(
~

00041500003150000215000011506   ).,.,.,.(~ 0360000359000358000357006   

).,.,.,.(
~

00082000008150000810000080507   ).,.,.,.(~ 082000815008100080507   

).,.,.,.(
~

00087500007750000675000057508   ).,.,.,.(~ 029500290002850028008   

).,.,.,.(
~

001400013000110001009   ).,.,.,.(~ 105001045010400103509   

 

Results and discussion 
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To show the importance of results and characterize the behavior of availability and profit of the gas turbine system, here we assume 

that all random variables as Weibull distributed with two parameters. Probability density function of Weibull distribution with two 

parameters is given by 

001    ,t],)t(exp[)t(k)t(f
~ k

i
k

iii                        where   i=1,2……….9 

001    ,t],)t(exp[)t(k)t(g~
k

i
k

iii  
Where k and λ are positive constants and are known as shape and scale parameters respectively. From the properties of Weibull 
distribution,If k=1, it become the exponential distribution and when k=2, it become the Rayleigh distribution and if k<1 it is Weibull 

distribution. 

 

Fuzzy availability analysis of gas Turbine system 

Using the fuzzy probabilities for the gas turbine system, the α-cuts for α<1 corresponding to fuzzy availability 

)t(P
~

)t(P
~

)t(P
~

)t(P
~

)t(P
~

)t(P
~

)t(P
~

)t(P
~

)t(A
~

87654321   of gas turbine system are computed at different time with 50.L   

and 80.R   are:  

 

Table 4: Fuzzy availability of gas turbine system at 24 months 

Fuzzy 

Availability 

α 

)t(A
~

of exponential 

distribution 

)t(A
~

of Rayleigh 

distribution 

)t(A
~

of Weibull 

distribution 

),t(A
~ 1  ),t(A

~ 2  ),t(A
~ 1  ),t(A

~ 2  ),t(A
~ 1  ),t(A

~ 2  

0 0.946022 0.965050 0.943684 0.962917 0.960251 0.978721 

0.2 0.948589 0.963126 0.946283 0.960992 0.962987 0.976616 

0.4 0.951128 0.961616 0.948850 0.959486 0.965073 0.975293 

0.5 0.952388 0.960842 0.950125 0.958714 0.966278 0.974551 

0.6 0.954534 0.959997 0.952275 0.957948 0.968327 0.973796 

0.8 0.958574 0.958574 0.956408 0.956408 0.972293 0.972293 

 

Table 5: Fuzzy availability of gas turbine system at 48 months 
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Fuzzy 

Availability 

α 

)t(A
~

of exponential 

distribution 

)t(A
~

of Rayleigh 

distribution 

)t(A
~

of Weibull 

distribution 

),t(A
~ 1

 ),t(A
~ 2

 ),t(A
~ 1

 ),t(A
~ 2

 ),t(A
~ 1

 ),t(A
~ 2

 

0 0.934289 0.954527 0.932899 0.953075 0.945996 0.965023 

0.2 0.937257 0.952615 0.935876 0.951197 0.949024 0.962876 

0.4 0.940106 0.951115 0.938731 0.949721 0.951093 0.961593 

0.5 0.941493 0.950311 0.940115 0.948962 0.952359 0.960842 

0.6  0.943792 0.949472 0.942401 0.948201 0.954480 0.960088 

0.8 0.948028 0.948028 0.946657 0.946657 0.958563 0.958564 

 

Table 6: Fuzzy availability of gas turbine system at 72 months 

Fuzzy 

Availability 

α 

)t(A
~

of exponential 

distribution 

)t(A
~

of Rayleigh 

distribution 

)t(A
~

of Weibull 

distribution 

),t(A
~ 1  ),t(A

~ 2  ),t(A
~ 1  ),t(A

~ 2  ),t(A
~ 1  ),t(A

~ 2  

0 0.930147 0.950077 0.929330 0.948944 0.938476 0.958365 

0.2 0.933217 0.948250 0.932358 0.947162 0.941800 0.956204 

0.4 0.936105 0.946836 0.935203 0.945777 0.943996 0.954912 

0.5 0.937489 0.946046 0.936563 0.945060 0.945332 0.954146 

0.6  0.939761 0.945255 0.938795 0.944339 0.947579 0.953393 

0.8 0.943879 0.943879 0.942874 0.942874 0.951829 0.951829 

 

Table 7: Fuzzy availability of gas turbine system at 96 months 

Fuzzy 

Availability 

α 

)t(A
~

of exponential 

distribution 

)t(A
~

of Rayleigh 

distribution 

)t(A
~

of Weibull 

distribution 

),(
~

1 tA  ),(
~

2 tA  ),(
~

1 tA  ),(
~

2 tA  ),t(A
~ 1  ),t(A

~ 2  

0 0.928276 0.947581 0.927743 0.946680 0.934253 0.954485 
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0.2 0.931314 0.945817 0.930715 0.944961 0.937762 0.952364 

0.4 0.934143 0.944465 0.933488 0.943643 0.940044 0.951084 

0.5 0.935491 0.943702 0.934807 0.942957 0.941421 0.950322 

0.6  0.937687 0.942954 0.936964 0.942268 0.943724 0.949588 

0.8 0.941645 0.941645 0.940866 0.940866 0.948027 0.948027 

 

Table 8: Fuzzy availability of gas turbine system at 120 months 

Fuzzy 

Availability 

α 

)t(A
~

of exponential 

distribution 

 

)t(A
~

of Rayleigh 

distribution 

 

)t(A
~

of Weibull 

distribution 

 

),(
~

1 tA  ),(
~

2 tA  ),(
~

1 tA  ),(
~

2 tA  ),(
~

1 tA  ),(
~

2 tA  

0 0.927260 0.946039 0.926887 0.945319 0.931723 0.951904 

0.2 0.930242 0.944317 0.929799 0.943638 0.935316 0.949834 

0.4 0.933006 0.943010 0.932515 0.942365 0.937627 0.948581 

0.5 0.934319 0.942262 0.933796 0.941699 0.939012 0.947829 

0.6  0.936451 0.941544 0.935888 0.941032 0.941314 0.947129 

0.8 0.940283 0.940283 0.939671 0.939671 0.945594 0.945594 
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Graphical representation 

 
Fig. 5:Fuzzy availability of gas turbine systemfor weibull distribution 

 
Fig. 6: Fuzzy availability of gas turbine systemfor exponential distribution 
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Fig. 7:Fuzzy availability of gas turbine systemfor Rayleigh distribution 

Profit Analysis 

Any manufacturing industry is basically a profit making organization and no organization can survive for long without minimum 

financial return for its investment .There must be an optimal balance between the reliability aspect of a product and its cost. The 

revenue and cost function leads to profit function of an organization, as the profit is excess of revenue over the cost of production.  

Profit equation is given as   

P=K0A0-R 

where P= Profit per unit time incurred to the system.  

K0= The revenue per unit up time of the system. 

A0= The total fraction of time for which the system is up. 

R= Total repair cost. 

Trapezoidal Fuzzy numbers associated with revenue per unit up time and total repair cost are : 

),,,(K
~

32002800240020000  ),,,(R
~

560540520500  

 

Table 9: Fuzzy profit gas turbine systemat different time for exponential distribution 

Fuzzy 

Profit   

α 

At  t=24 

 

At t=48 At t=72 At t=96 At t=120 

),(
~

1 tP  ),(
~

2 tP ),(
~

1 tP ),(
~

2 tP ),(
~

1 tP ),(
~

2 tP  ),(
~

1 tP  ),(
~

2 tP ),(
~

1 tP  ),(
~

2 tP  
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0 1332.0

4 

2395.

15 

1308.5

7 

2363.

56 

1300.

29 

2350.2

3 

1296.5

5 

2342.

74 

1294.5

2 

2338.1

1 

0.2 1493.9

5 

2333.

22 

1469.4

7 

2302.

21 

1460.

74 

2289.3

3 

1456.6

3 

2282.

16 

1454.3

2 

2277.7

3 

0.4 1656.6

1 

2272.

68 

1631.0

4 

2242.

23 

1621.

76 

2229.8

0 

1617.2

1 

2222.

94 

1614.5

7 

2218.7

2 

0.5 1737.7

3 

2242.

42 

1711.5

7 

2212.

14 

1701.

97 

2199.8

8 

1697.1

7 

2193.

14 

1694.3

6 

2189.0

0 

0.6 1872.8

2 

2208.

99 

1845.6

2 

2178.

99 

1835.

41 

2166.9

7 

1830.1

6 

2160.

41 

1827.0

3 

2156.4

0 

0.8 2144.0

0 

2144.

00 

2114.4

7 

2114.

47 

2102.

86 

2102.8

6 

2096.6

0 

2096.

60 

2092.7

9 

2092.7

9 

 

Table 10: Fuzzy profit gas turbine system at different time for Rayleigh distribution 

Fuzzy 

Profit   

α 

At  t=24 

 

At t=48 At t=72 At t=96 At t=120 

),(
~

1 tP

 

),(
~

2 tP

 

),(
~

1 tP

 

),(
~

2 tP

 

),(
~

1 tP

 

),(
~

2 tP  ),(
~

1 tP

 

),(
~

2 tP  ),(
~

1 tP  ),(
~

2 tP  

0 1327.3

6 

2388.

75 

1305.7

9 

2359.

21 

1298.

66 

2346.8

3 

1295.

48 

2340.0

4 

1293.7

7 

2335.9

5 

0.2 1488.9

7 

2326.

92 

1466.4

9 

2298.

03 

1458.

89 

2286.1

2 

1455.

34 

2279.6

3 

1453.3

6 

2275.7

3 

0.4 1651.3

3 

2266.

49 

1627.8

5 

2238.

19 

1619.

67 

2226.7

5 

1615.

69 

2220.5

6 

1613.4

2 

2216.8

5 

0.5 1732.2

8 

2236.

30 

1708.2

6 

2208.

26 

1699.

75 

2197.0

4 

1695.

53 

2191.0

0 

1693.1

1 

2187.3

8 
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0.6 1867.1

1 

2203.

15 

1842.1

0 

2175.

37 

1832.

96 

2164.3

6 

1828.

32 

2158.4

6 

1825.6

0 

2154.9

3 

0.8 2137.9

4 

2137.

94 

2110.6

4 

2110.

64 

2100.

04 

2100.0

4 

2094.

42 

2094.4

2 

2091.0

7 

2091.0

7 

 

Table 11: Fuzzyprofit gas turbine systemat different time for Weibull distribution 

Fuzzy 

Profit 

α 

At  t=24 At t=48 At t=72 At t=96 At t=120 

),t(P
~ 1

 ),(
~

2 tP  ),(
~

1 tP  ),(
~

2 tP  ),(
~

1 tP  ),(
~

2 tP  ),(
~

1 tP

 

),(
~

2 tP  ),(
~

1 tP  ),(
~

2 tP  

0 1360.5

0 

2436.

16 

1331.9

9 

2395.

06 

1316.

95 

2375.0

8 

1308.

50 

2363.4

5 

1303.4

4 

2355.7

1 

0.2 1525.0

5 

2373.

01 

1494.8

9 

2332.

48 

1479.

28 

2312.8

0 

1470.

56 

2301.4

7 

1465.2

8 

2294.0

1 

0.4 1688.9

6 

2312.

35 

1656.5

3 

2272.

62 

1640.

07 

2253.2

4 

1630.

90 

2242.1

4 

1625.2

9 

2234.8

8 

0.5 1771.0

6 

2281.

83 

1737.6

4 

2242.

42 

1720.

79 

2223.1

7 

1711.

41 

2212.1

7 

1705.6

2 

2205.0

0 

0.6 1907.7

7 

2248.

31 

1872.6

9 

2209.

25 

1855.

21 

2190.1

7 

1845.

44 

2179.3

2 

1839.3

4 

2172.3

1 

0.8 2182.4

2 

2182.

42 

2143.9

6 

2143.

96 

2125.

12 

2125.1

2 

2114.

47 

2114.4

7 

2107.6

6 

2107.6

6 
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Graphical representation 

 
Fig. 8: Fuzzy profit of gas turbine system for weibull distribution 

 
Fig. 9: Fuzzy profit of gas turbine system for exponential distribution 

 



Turkish Journal of Computer and Mathematics Education                            Vol.12 No.14(2021), 3826- 3860 

  

 

 

3846 

 

 
 

Research Article  

 
Fig. 10: Fuzzy profit of gas turbine system for rayleigh distribution 

Table 12:Effect of fuzzy failure rates of sub-systems on availability of gas turbine system 

 

Fuzzy 

Availability 

α 
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Table 13: Effect of fuzzy repair rates of sub-systems on availability of gas turbine system 
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Conclusion 

The main objective of this study is to develop a framework for analyzing and predicting the 

behavior of the gas turbine system by using general distributions. The results for fuzzy 

availability with different time and different left and right height for Weibull, exponential and 

Rayleigh distributions are shown in tables 4, 5, 6, 7 and 8. Tables 9, 10 and 11 show the behavior 

of fuzzy profit of the gas turbine system with different time and different left and right height for 

Weibull, exponential and Rayleigh distribution. Numerical results obtained for availability and 

profit of gas turbine system are shown graphically in figures 5, 6, 7 and figures 8, 9 and 10 

respectively and it is observed that when the time increases the fuzzy availability and fuzzy 

profit decreases .From Table 12 and 13 depict the behavior of availability of gas turbine system 

with respect to fuzzy failure and fuzzy repair rates which are taken as Weibull, exponential and 

Rayleigh distributed. It is observed that availability of the gas turbine system go on decreasing 

with the increase of fuzzy failure rates of the sub-systems A, B, C, D, E and F. However, the 

effect of fuzzy failure rates of the sub-systems B and C is much more as compare to the fuzzy 

failure rates of the sub-systems A, D, E and F. Table 13, indicate that availability of the gas 

turbine system increases with the increase of repair rates. The effect of fuzzy repair rates of sub-

systems B and C is much high as compare to the other sub-systems.  On the basis of result 

obtained, it also concluded that traditional fuzzy number gives the same degree of acceptance for 

all values of availability lying in a particular interval, whereas on the same time, the use of 

proposed approach provides large range of degree of acceptance for different values of 

availability and profit lying in a particular interval. Therefore in many industrial problems 

availability and profit of repairable systems can be analyzed in more elastic and effective manner 

by using proposed method. In case of gas turbine system, there is need to control the failure rates 

and repair rates of sub-systems B and C in order to make the gas turbine system more reliable. 
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