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Si and Si
*- the corresponding numbers of theoretic and 
empirical damages counted in the i-th interval of 
working time;  

n - number of working time interval (i.e. the steps of the 
diagram).  

The number of empirical damages Si
* will determined by 

the rectangular area of the i-th interval of the ω*(l) chart: 

    Si
*= ω i Δi

*l ,       (1.12)  

Using piecewise-linear approximation the theoretic amount 
of damages Si is determined by the trapezoidal area of li–1; 
ω(li - l); li , i.e.  

    Si = ω(Xi) Δl  ,  (1.13)  

of which:  

ω(Xi) - theoretical value of the function ω(l) at the midpoint 
(median) of the i-th interval;  

Δ l       - the average line of the trapezoid.  

Replacing (1. 2) d ( .13 in

∆ ∆  

1 an 1 ) to (1.11), we get:   

∆ ,                                          1.14  

Because that Δl2 is constant, the optimal condition of Eq. 
1.14 is equi nt o the minimum objective functi n:  vale  t o

 ,                            1.15  

      Whereas, the graph approximation of the failure flow 
parameter is changed into the piecewise-linear 
approximation of the empirical function ω*(l), which is 
given by n points coordinated of (xi; ω*

i), where xi is the 
middle point of the i-th interval of the ω*(l) chart; 

ωi
* - is the value of the failure flow parameter in the i-th 

interval 

     Replacing with (1.11), we can write the (1.15) as 
following:  

  

 

where: A, B, C - the deviation of the failure flow parameter’ 
function, compared with the corresponding empirical 
values, on the changing intervals of  working time 
respectively:  

   A = a1 xi + b1 - ω1
*;  

   B = a2 (xi - l1) + a1l1 + b1 - ωi
* ; 

   C = a3 (xi - l2) + a2(l2 - l1) + a1l1 + b1 - ωi
*  

    The objective function (1.15) depends on the parameters 
a1, a2, a3, l1, l2, b1, but note that l1 and l2 coincide with the 
boundaries of the range of the ω*(l) graph, then their 
defining region is limited by the l1, l2, ..., ln .  

     So to degrade the system of variables, we should fix the 
values of l1 and l2 and determine the local minimal of the 
objective function z. We should repeat the solution with 
different combinations of l1 and l2, etc. … then chose from 
all of the answers the solution that ensures the minimum 
value of the objective function. Thus, while fixed l1 and l2, 
the four variable function z=(a1, a2, a3, b1)  is minimal.  

II. DETERMINE THE OPTIMAL WORKING TIME 

    To treat the integral function of the failure flow 
parameter within Eq. 1.5, we insert one, two or three 
integral components depending on the type of the function 
ω(l) within [0, L]:  

  ∑  
0

    +

                          

                    
  

n calculating the integr l w

 5

Uppo a e obtain (2.1):   

0.   

              0.5   
              0.5         ,      (2.1) 

Replacing expressions of the coefficients b2 and b3 into 
(1 ), then  .6

    
5  0.   

        
        

0.5  
  0.5  

              ,         (2.2)  

    We replace (2.2) into (1.5), then take the derivative by L 
and give it equal to 0, we get the expression, which 
determine rs:  the optimal interval between repai  

   Lo = 
 

.    ,    (2.3)   

    Analysis of the expression (2.3) shows that the optimal 
interval between repairs depends significantly on the 
relationship of the costs for carrying out repairs planned 
CKH and unplanned CDX.  

    The planned repair cost includes the cost for materials or 
spare parts C1, the cost for wages C2 and the cost for stop of 
the means C3, i.e.:   CKH=C1+C2+C3.  

    The cost for unplanned repair, in addition to the stated 
quantities C1, C2 and C3, also includes the cost C4, which is 
caused by damage of the vehicle during operation, i.e.:  

             CDX=C1+C2+C3+C4. 

    Thus, CDX ≥ CKH , and CDX = CKH only happens to the 
elements, whose damages do not cause to the vehicle’s loss 
during operation.  

    So far, still no formal studies on the determination of 
damage caused by the stop of the means halfway due to 
their failures. So if there were, they would not fully reflect 
the damages caused due to failures [5, 6, 7].  



    So, although the companies of transportation have 
information about the time to stop the means due to failures, 
it did not allow assessment of the C4 within the unplanned 
repairing cost. Consequently, it can not compute the 
absolute value of the average total cost of the repairs.  

    However, using the relative values of CDX and CKH, we 
can determine the optimal interval between repairs L0, 
corresponding to the minimum value of the average total 
unit costs q(L0).  

    Th  r  costs for planning and unplanned is:  e ratio K of epair

                
,                 (2.4)  

    Because CDX ≥ CKH   then  K ≥ 1. 

    Performing CDX by K and CKH , then replace it into Eq. 
1.5, we get:  

           q(L) =  
 

     ,  (2.5)  

    On the physical sense, the quantity, located in the 
numerator of the fraction (2.5), is the total cost of both types 
of repairs. So, the expression in parentheses is the number 
of total converted repairs, i.e. the quantity    
turns the total number of unplanned repairs   into 
the cost-equivalent amount of planned repairs. 

 

 

       

 

Figure 2.1. Algorithm for piecewise-linear approximation  



    The relationship S(L) is called the number of converted 
unit repairs du ng time:  

III. CONCLUSION 
ring one unit of worki

          S(L) = 
 

   ,  (2.6) 

     The programs, which calculating the relationships 
between the failure flow parameter ω(l) and the number of 
the total converted units repairs with the working time S(L) 
will be useful tools for the determination of the optimal 
repairing cycle of the parts and components of the means 
with regard the unexpected failures and the correlation 
between the costs of planned and unplanned repairs 
respectively.  

    From the above theoretical basis, we set the algorithm for 
the approximation of the failure flow parameter, as shown 
in Fig 2.1.  

     Uppon enterring the number of values n – the amount of 
experimental data of the failure flow parameter (block 1), 
then assigning N - the number of repetitions of the 
coefficients until they were stable and the value of the 
objective function does not fall again .  

     Following the studies on the optimal repairing system 
based on the reliability [2], [3] and [4], this paper is a part 
of the R&D project on the optimizing locomotives repairing 
cycle based on the reliability (Proj. No. T-KTGT-2010-06) 
funded by the HCMUT.  

    Then, enter the experimental values of the failure flow 
parameter ω*

i and the initial values of the coefficients a1.1, 
a2.1, a3.1, b1.1 of the failure flow parameter (in the blocks 2 
and 3).  
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