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Abstract. One of the important standards of technical operation of motor vehicles is the frequency of their 

maintenance. The correct definition of it directly affects the amount of specific operating costs and is one of the 

most important tasks of engineering and technical workers. At the same time, their reduced values, although they 

lead to an increase in the reliability of vehicles, but they increase the frequency of downtime and the cost of 

operation, as well as increase the share of unused resources of serviced systems and mechanisms. In this paper, 

we consider an economic-probabilistic method for determining the frequency of maintenance. There are two tactics 

for implementing this method: by operating time and by technical condition. For all its simplicity, the method of 

determining the operating time has a number of disadvantages, namely, it does not take into account the technical 

condition of the serviced mechanisms and units at the current moment. This increases the complexity of performing 

maintenance operations, and their cost increases accordingly. The method of determining the frequency of 

maintenance by condition is considered. In this case, all work on the maintenance of mechanisms and aggregates 

of vehicles is divided into diagnostic and executive components. At the first stage, their technical condition and 

resource are determined until the next scheduled maintenance. If this resource is not enough to run before this 

event, then a decision is made to perform the executive part of the work. With a larger resource, the executive part 

is postponed until the next scheduled maintenance. The determination of the frequency of maintenance is based 

on the results of comparing the specific operating costs for routine repairs with the weighted average costs for 

maintenance and routine repairs. 
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Introduction 

The frequency of car maintenance is one of the main standards of technical operation. The correct 

definition of it directly affects the amount of specific operating costs and is one of the most important 

tasks of engineering and technical workers. At the same time, their reduced values, although they lead 

to an increase in the reliability of vehicles, but increase the frequency of downtime and the cost of 

operation, as well as increase the share of unused resources of the serviced systems and mechanisms. 

There are different approaches to solving this problem. In [1], the authors propose a preliminary 

statistical analysis of the selected parameters of car maintenance in road transport companies. These 

results provide comparative material that is useful for evaluating the maintenance efficiency of various 

road transport systems. In [2], the authors analyze the reliability of transport, which is considered as a 

complex mechanical system in which all the elements of the system are connected in series, and each 

element includes parts connected in series. Failure of each part of the system will cause the entire vehicle 

to fail. Thus, the car is a system without redundancy. The methodology is illustrated by the presentation 

of the results of calculations of the intensity of maintenance and the cost of spare parts and car repairs. 

In [3], the author considers the optimal frequency of maintenance on the basis of multiple alternatives. 

The objective efficiency functions in this case are the damage and failure rates, which corresponds to 

the set of operational alternatives under consideration. This allows us to obtain the corresponding 

functions of subjective preferences, implying the proportionality of preferences to alternative damage 

and failure intensities. In the studies of the authors of the paper [4], regression analysis was used to 

analyze the correlation between the quality of service and customer loyalty in car service centres, and 

then the qualitative components of the modified Kano model were encoded to determine whether the 

statistical values correspond to the F-distribution. and were used to confirm the capabilities of the Kano 

model in quantitative studies. The author in the work [5] connects the parameters of vehicle maintenance 

and their efficiency not only with objective factors, but also with the operating conditions of vehicles. 

Currently, methods of mathematical simulation of random processes [1; 2] and analytical methods 

[3] are used to determine the frequency of maintenance of motor vehicles. Modeling methods allow us 

to take into account many technical and technological factors, although they are not without drawbacks 

due to the complexity of an adequate choice of accounting for the patterns of real processes of technical 
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operation of cars. Let us consider a method for determining the periodicity of the technical condition of 

cars based on an array of data on the failure time. 

Status of the issue 

Let us consider the method of determining the technical condition of motor vehicles by the technical 

and economic method [9; 10]. As you know, the source data for this method is an array of data with 

dimension N by operating time li(x) on refusal ni,i = 1  N. The characteristics of a random variable are 

determined from the selected array. 

• probability of a random event: 

 ( )
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where m(x) – number of random variables (failed vehicles) for the operating time of x. 

• Refusal: 
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• Reliability: 
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Probability distribution density: f(x) = F’(x) insofar as  
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then at n = const we get  
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• Gamma-percent resource xj: 

 
( ) { }iR x P x x j=  

  (5) 

According to these data, it is possible to determine the frequency of maintenance by methods based 

on the permissible level of reliability and on the regularity of changes in the technical condition 

parameter and its permissible value [11]. The first of them takes into account the technical condition of 

objects indirectly only through the coefficient of variation  and the average value of the time-to-failure 

array x̄. To apply the second method, it is necessary to have adequate information about the intensity of 

changes in the technical condition parameter by operating time. 

Consider a method that uses the characteristics of an array of random values of time to failure, 

taking into account the unit cost of technical operation [12]. Two strategies are selected to maintain the 

vehicle in good technical condition: maintenance and repair. By comparing the unit maintenance cost 

by operating time CI-I
 
with the unit repair CII cost, you can determine the minimum maintenance 

frequency. 

The initial data are the one-time costs of repair c and maintenance d, the probability distribution 

density of the random f(x) variable of the time to failure of the array with dimension N (Figure 1). 
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Fig. 1. Failure probability distribution 

We determine the average value of the time to failure: 

 1

m

i ix x =   , (6)
 

where  

 i
i

n

N
 =    (7) 

is the probability of failure in the interval i.   

Unit cost of repair (Р) СII (repair on demand) 

 
x

c
CII =  (8) 

When assigning the frequency of technical service (TS) x = lTS, a failure occurs for the values x ≤ lTS, 

and they require restoration of operability – routine repairs. 

We determine the average operating time before current repair for failed products using the formula: 
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For the values x ≥ lTS, a maintenance operation must be performed. 

We determine the unit costs for the CI strategy according to the operating time: 

 
RlFl

dRcF
C

TSr

II
+

+
=−

 , (10) 

where cF + dR – weighted average cost of performing maintenance and repair operations; 

 lrF + lTS R – weighted average operating time maintenance and repair operations; 

 lTS – frequency of maintenance when performed by operating time; 

 lr – average operating time of elements (xi < lTS) that failed with probability F; 

 R = R1 + R2 – probability of uptime for x ≥ lTS. 

The method allows to take into account both the technical component and the economic components 

of the issue. However, for products 2lTS ≤ xi, there is an unnecessary need for technical service. 
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Therefore, it is proposed to determine the frequency of technical service by comparing the specific 

costs of repair and maintenance according to their condition [13; 14]. To do this, we divide the 

maintenance operations into the diagnostic part and the executive part. The executive part occurs only 

based on the results of the diagnostic part. Accordingly, the cost of the maintenance operation is also 

broken down.  

 k иd d d= +
 , (11) 

where  dk – cost of the diagnostic part of the maintenance operations; 

 dk – cost of the executive part of the technical service operations. 

Then the unit cost of maintenance and repair as of СI-II:  

 
( )

21

21

2 RlRlFl

dRddRcF
C

TSTSr

kuk
III

++

+++
=−
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where  R1 = P{ lTS < xi < 2lTS } – probability of uptime for lTS < xi < 2lTS. 

The use of this method allows to choose the frequency of maintenance of motor vehicles at the 

minimum unit cost of maintenance and repair [15]. 

Discussion of the results 

We will conduct a comparative analysis of the proposed methods. There is a data array of random 

values of the time to failure dimension N = 100. Choose the cost of operations P c = 10 dollar, for 

operations TS: dk = 1.5 unit and du = 1.5 unit. The calculated values of the random variable 

characteristics are shown in Table 1. 

Table 1 

Calculated values of the random variable characteristics 

Interval 

number 

Interval, 

thousand km 

Midpoint of the 

interval 

Number of 

refusals 

Frequency 

ωi 

Estimating probabilities 

Refusal F Reliability R 

1 1-3 2 1 0.01 0.01 0.99 

2 3-5 4 2 0.02 0.03 0.97 

3 5-7 6 4 0.04 0.07 0.93 

4 7-9 8 8 0.08 0.15 0.85 

5 9-11 10 13 0.13 0.28 0.72 

6 11-13 12 22 0.22 0.5 0.5 

7 13-15 14 22 0.22 0.72 0.28 

8 15-17 16 14 0.14 0.86 0.14 

9 17-19 18 7 0.07 0.93 0.07 

10 19-21 20 4 0.04 0.97 0,03 

11 21-23 22 2 0.02 0.99 0.01 

12 23-25 24 1 0.01 1 0 

Average value of a random variable: 

 12.98 thousand kmi i

i

x x w= = . (13) 

Мean square deviation: 
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Coefficient of variation: 

 
1.21

0.093
12.98x


 = = = . (15) 
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We determine the unit cost of maintenance and repair by the operating time and summarize the data 

in Table 2. 

Table 2 

Determined cost of maintenance and repair 

Interval 

number 

Interval 

Δxi, 

thousand 

km 

Midpoint of 

the interval 

 xi, 

thousand km 

Frequency 

wi = pi 

  

F 

  

R 

Frequency of 

maintenance 

lTS, 

thousand km 

Frequency of 

repair 

lr,  

thousand km 

Unit costs 

CI-I, 

units per 

thousand km 

1 1-3 2 0.01 0.01 0.99 1 0 3.10 

2 3-5 4 0.02 0.03 0.97 3 1 1.09 

3 5-7 6 0.04 0.07 0.93 5 1.67 0.73 

4 7-9 8 0.08 0.15 0.85 7 2.43 0.64 

5 9-11 10 0.13 0.28 0.72 9 3.63 0.66 

6 11-13 12 0.22 0.5 0.5 11 4.65 0.83 

7 13-15 14 0.22 0.72 0.28 13 6.93 0.93 

8 15-17 16 0.14 0.86 0.14 15 9.41 0.88 

9 17-19 18 0.07 0.93 0.07 17 11.13 0.82 

10 19-21 20 0.04 0.97 0.03 19 11,98 0.80 

11 21-23 22 0.02 0.99 0.01 21 12.55 0.79 

12 23-25 24 0.01 1 0 23 12.87 0.78 

Unit costs are:  

 
II

10
C = 0.78

12.98
=  units per thousand km. 

When choosing lTS = 9 a thousand km, unit costs will decrease by, unit costs will decrease by  

 II

I-I

C 0.78 1.2
C 0.64

= =  times. 

Let us determine the frequency of maintenance by comparing the unit costs of repairs with the unit 

costs of repairs and maintenance according to the technical condition. The calculated values are shown 

in Table 3. 

Table 3 

Determined frequency of maintenance 

Frequency of 

TS lTS, 

thousand km 

Repair 

frequency 

lr, thousand km 

 

F 

 

R1 

 

R2 

 

cF 

 

dkR 

 

dR2 

Unit costs 

CI-II, units per 

thousand km 

1 0.00 0.01 0 0.99 0.1 0 2.97 1.55 

3 1.00 0.03 0.04 0.93 0.3 0.060 2.79 0.55 

5 1.67 0.07 0.23 0.70 0.7 0.345 2.10 0.39 

7 2.43 0.15 0.57 0.28 1.5 0.855 0.84 0.38 

9 3.63 0.28 0.65 0.07 2.8 0.975 0.21 0.49 

11 4.65 0.50 0.49 0.01 5.0 0.735 0.03 0.73 

13 6.93 0.72 0.28 0 7.2 0.420 0 0.88 

15 9.41 0.86 0.14 0 8.6 0.210 0 0.86 

17 11.13 0.93 0.07 0 9.3 0.105 0 0.81 

19 11.98 0.97 0.03 0 9.7 0.045 0 0.80 

21 12.55 0.99 0.01 0 9.9 0.,015 0 0.78 

23 12.87 1 0 0 10 0 0 0.78 

25 13.11 1 0 0 10 0 0 - 
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The frequency of maintenance, when determined by the proposed method, is lTS = 7 thousand km. 

At the same time, the unit costs are reduced compared to a simple restoration of the working capacity 

CII/CI-II = 0.78/0.38 = 2.1 times, and compared to the operating time CII/CI-II = 0.64/0.38 = 1.68. 

Conclusions 

The proposed method for determining the frequency of maintenance of motor vehicles allows to 

take into account objective and subjective factors that affect the technical condition of the equipment, 

as well as to reduce the specific cost of technical operation. The frequency of maintenance, when 

determined by the proposed method, is lTS = 7 thousand km. At the same time, the unit costs are reduced 

in comparison with a simple restoration of the working capacity CII/CI-II = 0.78/0.38 = 2.1 times, and 

compared to the operating time CII/CI-II = 0.64/0.38 = 1.68. The result obtained depends quite strongly 

on the ratio of repair c and maintenance costs d. This adjustment can be made by engineering and 

technical personnel based on the results of operational observations of the time to failure. 
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