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Abstract-A Linear consecutive 3-out-of-7:F repairable system with one repairman is studied in this paper. 

When there are more than one failed component, priorities are assigned to the failed components.Assuming that 

system has only one repairman, both the working time and the repair time of a component are exponentially 

distributed. The rapirman assigned different priorities to the failed components. Through the analysis of the 

system and get some important reliability index of the system by using the general markov process and the tool 

of the Laplace transformation. 

 

1. Introduction 
A linear consecutive :k out of n F   system consists of a sequence of n ordered 

components such that the system is failed if and only if at least k consecutive components in 

the system are failed. A telecommunications system with n  relay stations can be modeled as 

a linear consecutive :k out of n F   system. Suppose that the stations numbered 

consecutively from 1 to n  are lined up and the signal transmitted from each station is strong 

enough to reach the next k  stations. The communication between the source and the 

destination will be interrupted if and only if at least k  consecutive stations are failed. 

Another example of the consecutive- :k out of n F   system model is an oil pipeline 

system with n pump stations. Each station is powerful enough to send oil as far as to the next 

k  stations. If less than k  consecutive stations are failed, the flow of oil will not be 

interrupted and the pipeline is considered working properly. 

A circular consecutive :k out of n F   system consists of n  components arranging 

along a circular path. This system will fail if and only if at least k  consecutive components in 

the system are failed. Components n  and 1 are considered consecutive components in such a 

circular system. A closed recurring water supply system with n  water pumps in a 

thermoelectric plant is a good example of this system. The water and steam expelled from a 

turbine can be pumped to a cooling tower through n  water pumps. Because of the disparity 

of the water level, the cooled water can be sent back to the boiler to produce steam for the 

turbine again. For such a recurring water-cooling system, each pump must be powerful 

enough to pump water and steam to at least the next two consecutive pumps. If any two or 

more consecutive pumps in the system are failed, the system is failed. This system can be 

modeled as a circular consecutive :k out of n F   system. 

In this paper, we researched a linear consecutive  repairable system 

with priority in repair. The repairman assigned different priorities to the failed components. 

Through the analysis of the system and get some important reliability index of the system by 

using the general markov process and the tool of the Laplace transformation. 
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   N t k

  N t k
  1 N t k

2. Assumptions 

The discussion of this chapter is based the following hypotheses: 

(1) If , every component is in good condition, and the component can be recovered 

as new. 

(2) Set the distribution functions of the working time and repair time of the  component 

in the system are separately 

， ，  

(3) Set  as the independent random variables 

3. General Model: linear consecutive k /n:F  repairable system  

Based on the model assumptions, let  N t   be the state of the system at time t, defined by 

  0N t ,      if at time t, all components work and the system works, 

  1 N t , if at time t, one component fails and the system works, 

  2 N t , if at time t, two component fails and the system works, 

         ¦  ¦   ¦   
,  if at time t, k component fails and the system works, 

         ¦  ¦   ¦  

   N t d , if at time t, d component fails and the system fails, 

,   if at time t, k component fails and the system fails, 

  , if at time t, k+1 component fails and the system fails, 

         ¦  ¦   ¦  

  1 N t d , if at time t, d component fails and the system fails. 

With  
n

d n
k

 
   

 
；n k ， ,n k N  ,    

state space  0, 1, 2,..., , , 1,..., 1d k k d       

the set of working states is  0, 1, 2,...,W d     

the set of failed states is  , 1,..., 1F k k d    

 

By using the generalized transition probability shown earlier in this section and the 

concept of critical component, we have 

 

 

 

 
0

0 , 1

1 0 0

0 0, 1

j

n t t j

P t n t t j

t j





     


      
   

 

0t 

i

  1 tF t e     1 tG t e   0, 1,2,3,...,t i n 

, , 1,2,3,...,i iX Y i n
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With 1,2,....,i d  

 

     

   

   

0 1

1 0

0 1 ,

ij

iu t t j i

P t iu t t j i

t j i i

      


      
    

 

With , 1,..., 1i k k d    

 

 

4. Special model: linear consecutive 3 /7:F  repairable system 

We have a circular consecutive :k out of n F   system. Based on the definitions 

given in the previous section, we know the state space of the circular consecutive

3 7 :out of F   system  0, 1, 2, 3, 4, 5,3,4,5,6J       ,  the set of working states 

 0, 1, 2, 3, 4, 5W       , and the set of failed states  3,4,5,6F  . The transition rate 

matrix is: 

 

5. Reliability Indexes of the Linear consecutive 3 /7:F System  

In the following, we study the reliability indexes of the consecutive3 7 :out of F    

system 

7  7  0  0  0  0  0  0  0  0  

  6    6  0  0  0   0  0  0  

0  2  2 5    30 7  0  0  5 7  0  0  0  

0  0  3  3 4    20 7  0  0  8 7  0  0  

0  0  0  4   2 7  0    0  

0  0  0  0  5  5 4    0  0  0  4  

0  0  3  0  0  0  3  0  0  0  

0           

          

      0  0  0  6  

0

4 3   0 19 7

0 0 4 0 0 0 4 0 0

0 0 0 0 5 0 0 0 5 0

0 0 0 0 0 6
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(1) System availability 

0 1 2 3 4 5          



       j

j W

A  

4 3 2 2 3 4

3

5 4 2 3 3 2 4 5

4

196 1372 4116 9205 5600

1372

588 4116 12348 24675 24504 8320
 

4116
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 

        



    
 

    
 

(2) System reliability 

            0 1 2 3 4 5' , ' , ' , ' , ' , 'p t p t p t p t p t p t    
 

            0 1 2 3 4 5
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0 0 0 4 4 3
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We get 
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   

   

  

  

   

   
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Where          0 1 50 ( , ,..., ) 1,0,0,0,0,0WQ p t p t p t    

Using the Laplace Transform, we get 

     
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7
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Simplifying these equations, we have 
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where 

     3 2 2 2 2 3 3 2

1

2 2 3 4

42 154 7 77 595 1001 1519 2198 42 455

90 1512 1386 840

f s s s         

    

          

  
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1
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The Laplace transform of the system’s reliability ( )R t is given by 

               0 1 2 3 4 5* * * * * * * *i
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(3) The system’s mean time to first failure (MTTFF) 

Since    0 1, ,..., 0K Wx x x B Q   
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Where 
3 2 2 3 2 2 4

2 67480 109025 186200 82642 10584 82320f              The 

system’s mean time to first failure (MTTFF) is given by 

0 1 2 3 4 5MTTFF x x x x x x       

(4) The system’s rate of occurrence of failure (ROCOF) 
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(5) The system’s MTBF/ MUT 

The MTBF of the system is also called the mean up time(MUT). Furthermore, we can 

also obtain mean down-time(MDT) and the mean cycle time (MCT) of the system: 
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6. Conclusion 
In this paper, a linear consecutive :k out of n F   repairable system with one 

repairman is analyzed. First of all, the generalized transition probability is introduced to 

handle a state with many cases. Secondly, the concept of critical component is defined which 
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is used to determine which of the two or more failed components should be repaired first. 

Priorities are assigned to critical components for repair. In addition, equations for the 

system’s reliability indexes such as availability, reliability, MTTFF, ROCOF and 

MTBF/MUT are developed when 7n  . Problems worth further investigations include other 

repairable consecutive- k-out-of-n:F models, the impact of repair on availability of practical 

consecutive-k-out-of-n:F systems in petrochemical industries, and optimal repair/replacement 

strategies for operation/maintenance cost minimization in industrial environment. 

 

References 

【1】 曹晋华，程侃.《可靠性数学引论》（修订版）.北京：高等教育出版社，2012. 

【2】 W.Weibull. 1939. A statistical theory of strength of materials, Ing. Vetenskaps Akad. 
Hand, 151: 1-45. 

【3】 E.J.Gumbel. 1935. Les valeurs extremes des distributions statistiques. Annales de 
I’Institute Henri Poincare,4: 115. 

【4】 B. Epstein. 1948. Application of the theory of extreme values  in fracture problems, J. 
Amer. Statist. Assoc, 43: 403-412. 

【5】 Eryilmaz.s, Jorge Navarro. 2012. Failure rates of consecutive k out of n systems. 
Journal of the Korean statistical society, 41: 1-11. 

【6】 Song Y, Liu S.Y, Feng H.L. 2006. Reliability analysis of consecutive k out of n: F 
repairable system with multistate component. China Academic Journal Electronic 
Publishing House, 28: 2. 

【7】 J.M.Kontoleon. 1980. Reliability Determination of a R-Successive-out-of-N: F System. 
EEE Trans. Reliability, 29: 437-411. 

【8】 M.Lambiris, S. Papastavrisis. 1985. Exact Reliability Formula for Linear and Circular 
Consecutive-k-out-of-n:F System. IEEE Trans. Reliability,  34: 124-127. 

【9】 Shanthikumar.J.G. 1982. Recursive algorithm to evaluate the reliability of a 
consecutive k out of n: F system. IEEE Trans. Reliab, 5: 442 

【10】 Hwang. F. K. 1986. Simplified Reliabilities for consecutive k out of system. SIAM J 
ALG DISC METH, 2: 258-246. 

【11】 Fu J. C. 1986. Reliability of consecutive k out of n :F system with (k-1) step Markov 
dependence. IEEE Trans. Reliab, 35: 602. 

【12】 Lam, Y.  Repairable consecutive k out of n: F system with Markov dependence, 
Naval Res. Logist. 47(2000).  

【13】 Kontelon JM. Reliability determination of a r-successive-out-of-n:F system. IEEE 
Trans. Rel, 1980.  

【14】 Takagi H. Queuing analysis: A foundation of Performance evaluation, vacation and 

Priority systems. North一Holland: Amsterdam, 2007, Part l, VOI. 1 

【15】 Ke J C, Wang K H. Vacation Policies for machine repair Problem with two type 

spares. Applied Mathematical Modeling, 2007, 31, 880一894 

【16】 Xian-yun Meng，Li Yuan，Rui-ling Yin。The Reliability Analysis of a Two-unit Cold 

Standby System with Failable Switch and Maintenance Equipment。2006。 

【17】 Jer-Shyan Wu。Efficient Algorithms for Computing the Reliability of Consecutive-k-

out-of-n: F Systems with i.i.d. Components。2000：168-170 



 
 
 

 

ISBN 978-602-8273-53-4 46 

www.isc.unwahas.ac.id 

【18】 Serkan Eryılmaz，Jorge Navarro。Failure rates of consecutive k-out-of-n systems。

2012：1-11。 

【19】 Yuan Lin Zhang，Ming J. Zuo。Reliability analysis for a circular consecutive-2-out-

of-n:F repairable system with priority in repair。2000：113-120 

【20】 Jiancheng Guan，Yueqin Wu。Repairable consecutive-k-out-of-n:Fsystem with  

fuzzy states。2006：121-142。 

【21】 Nurwidiyanto, Chen qin, zhang luo. Linear Consecutive k/n:F unrepairable system. 
Nanchang university, 2015: Vol. 37 No.1 

【22】 Dong Qiuxian, Xu Dongyang, Liu Ruliang.Compound Extreme Value Theory and Its 

Applications in Emergencies. ISEM/SEISEM 2011(ISTP) 

【23】 Xu Dongyang, Dong Qiuxian, liu Ruliang. Realibility Study of Complex Repairable 
System. The 2012 5th International Conference Management Engineering and 

Technology of Statistics (EI) 
 


