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Abstract: The intensity of aging and wear of the components /aggregates and assemblies/ of the machines is different and hence the 

necessity of carrying out repair service interventions has different periodicity and volume. 

A model has been developed to optimize the periodicity of maintenance of machine components, taking into account the losses from 

the underuse of their resource. 

The influence of the parameters of the law and the economic indicators on the optimal periodicity of the maintenance was 

examined at the density of the distribution of work until failure to the Weibull distribution. 
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Deterioration of the quality and reliability of the machines 

is a completely natural and lawful process of degradation, after 

which faults occur. It is known that the intensity of aging and wear 

of the components / aggregates and units / of the machines is 

different and hence the need for carrying out repair service 

operations is of different periodicity and volume. 

Complex mechanical systems, such as tractors and self-

propelled agricultural machinery, are composed of a large number of 

elements. By strictly adhering to the optimal periodicity of repair 

service impacts, the efficiency of using the machines will be 

reduced as they reduce their productivity and increase the cost of 

labor and tools for diagnostics, maintenance and repair. 

The aim of the study is to develop a mathematical model 

for optimizing the periodicity of machine maintenance. The objects 

of the study are tractors and self-propelled agricultural equipment, 

and the subject of the study is a mathematical model for 

optimization of the periodicity of maintenance. 

As the maintenance period t increases, the value of the 

unused resource of the items decreases, and the probability of failure 

(and hence the probability of loss due to fault time) increases, i.e. 

unlike the works of Barlfw, Hunter, Proschan и Райкин [1-4;5], 

optimization of the periodicity of component maintenance will be 

made taking into account their underused resource, due to 

substitution for planned repair impacts, and costs associated with the 

faults of the elements. 

Essence of the model. The optimization of the periodicity 

of maintenance t of the elements is limited to finding the meaning of 

t, which corresponds to the minimum of the function [6]: 

U(t) =Cn(t) + Cnp(t)  min, 

where Cn(t)  is the function of the cost of not using the 

resource of the elements; 

 Cпр(t) – the function of costs due to the stay in 

the maintenance and repair 

facility. 

Costs due to fault time of the object are: 

Cnp(t)  = C0 tnpF(t), 

where Со is the value of 1 h fault time, BGN/h;  

tпр – fault time, h; 

F(t) – failure probability. 

The cost of non-use of the replaced element resource is 

determined at any point by the product of the value of the element 

and the share of area Sn/S, locked between the curve P(t) and the 

coordinate system (Figure 1), which characterizes the unused 

resource, namely [6]: 

Cn(t) =Cz{[ 




P (t)dt - 




P (t)dt] / 




P (t)dt]}=Cz {[ t - 




P (t)dt] / t}, 

where Cz is the cost of the replacement element;  

t – the mathematical expectation of the 

average cost resource;  

 - the optimal periodicity of maintenance. 
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Figure 1. The nature of the change in the elements' reliability characteristics P(t) and the density of their resource F(t) 

 

The total cost is expressed by the following function: 

U(t)= Cz (1- 


0

)/)( tdttP +C0tnpF(t) min. 

 Let the density of the distribution of the work to failure 

(resource) to be according to Weibull distribution, where 

f(t)=b/a (t/a)b-1exp[-(a/b)b], t =a (1+1/b). 

 Here  а is the scale parameter, and b - the shape 

parameter of Weibull distribution. 

Under this condition 

U(t) =Cz{1-[t(k;s)+ exp[-(/a)b] / -(/a)b}+Cotnp{1- 

exp[-(/a)b]}, 

 

where  к={ (1+1/b) /t }b ; s=1+1/b. 

 

Then 

U()=Cz {1-[(/a)b;(1+1/b)]+ exp[-(/a)b] /t } + 

Cotnp{1- exp[-(/a)b]}, 

where (z;x)=1/(x) 
z

t
0

x-1e-tdt  is the incomplete gamma-

function of the arguments  x  и  z [7]. 
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The function U( ) is concave with a minimum that is 

determined by the condition dU()/d. 

If the derivative of the function is determined 

U() =Cz[ t - 


0

)( dttP ] / t  -CotnpF(t) 

dU() /d =-Cz+F()Cz+C0tnpt f() is obtained 

 

or [ 1-F()] / f() =C0tnpt / Cz. 

Considering that the density of work to failure (resource) 

is distributed by Weibull distribution, then  

Cz / C0tnp  = b(/a)b-1(1+1/b). 

Figure 2 gives the characteristics of variation of the 

optimal periodicity of maintenance according to the parameters of 

the distribution of reliability and replacement cost, loss due to fault 

time and length of fault time.  

 
 

Figure 2. Change of the optimal periodicity of the maintenance of 

the machine components at b=const 

 

The way in which graphical dependencies are used to 

determine the optimal periodicity is shown in the figure itself. 

Figure 3-4 shows the influence of the individual factors of 

the model on the optimal periodicity of the component maintenance. 

 
 

Figure 3. Impact of economic performance on the optimal 

periodicity of maintenance: 

          for b=2; ------ for b=2,5. 

 

Conclusions: 

 A model has been developed to optimize the periodicity of 

maintenance of machine components, taking into account the losses 

of their resource underusage. 

The influence of Weibull distribution's parameters on the 

optimal periodicity as well as the influence of economic indicators 

on the optimal value of the maintenance periodicity are examined. 

 

 

 
Figure 4. Influence of the “а“ parameter of Weibull distribution on 

the optimal periodicity of maintenance: 

          - for b=2; ------ - for b=2,5= 

 

 
 

Figure 5. Impact of the value of the fault time C0.tпр on the optimal 

periodicity at different values Сi 
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