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Abstract 

Road transport best suits the needs of the national 

economy and the population in the transportation of 

goods, passengers and ensures the performance of 

technological operations. Significant economic effect 

while providing the planned scope of work can be 

achieved by implementing a set of measures to improve 

the organization of supply/demand planning and 

control of material and technical resources (MTR) for 

repair and maintenance. The cost of operating special 

vehicles is largely determined by the cost of spare parts 

(S/P), which are used in the operation, maintenance 

and repair of the rolling stock. Besides, the 

uninterrupted supply of spare parts is a prerequisite 

for carrying out the transportation tasks. On the other 

hand, surplus stocks increase the value of circulating 

assets and, accordingly, the cost of transportation. 
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1 Introduction 
The intensity of the expenditure on spare parts 

and the need for them are affected by various factors. 

Many of them change significantly all year round, 

causing seasonal fluctuations in the need for spare 

parts. The existing methods for planning the need for 

spare parts do not reflect the influence of these factors, 

causing a decrease in the accuracy of the results of 

calculating the required volume of S/P. 

In 2009-2010, in transport enterprises of the oil 

companies of Surgut city, the material damage from 

storage of illiquid stocks and downtime of work teams 

due to missing the required S/P to special vehicles or 

improper organization of their storage amounted to 

about 79 million rubles. 

To increase the efficiency of the operation of road 

transport, a scientifically based methodology for 

planning the need for spare parts for special vehicles is 

required. 

2 Analysis of the Issue’s Status 

The Internet of Things (IoT) is a system of 

interrelated computing devices, mechanical and digital 

machines, objects, animals or people that are provided 

with unique identifiers and the ability to transfer data 

over a network without a human. The IoT is a concept 

which has its roots in various network, sensing and 

information processing approaches. The IoT is a 

network of physical strata that contain embedded 

technology to communicate and sense. 

The work of the following authors is devoted to 

the problem of satisfying the need for spare parts for 

various types of technology: Volkh, Tolstyev, 

Shilovsky, Salivonik, Kuznetsov, etc. As a result of 

earlier performed studies it was established that the 

need for MTR is 3h to ensure the normal functioning 

of the rolling stock; the qualitative repair 

beingdetermined by a large number of factors 

characterizing both consumers and the existing 

system of supply of motor vehicles. The influence of 

these factors is manifested in the organization of 

transport and production processes, depending on the 

operating mode, the organization of the planning and 

3C distribution system, the information base, 

regulatory and methodological support, etc. [1]. 

Spare parts consumption is affected by the 

operating conditions of special vehicles. They vary 

depending on the place of operation of machines in a 

wide range. Thus, Borozenets notes that "... trouble-

free operation of machines in different climatic 

conditions fluctuates to 40%, and taking into account 

the degree of exposure to vibration, the durability of 

mechanical parts varies up to 60%." 

The conducted analysis of instructive and 

methodological materials on the normalization of the 

consumption of automobile S/P showed that they do 

not fully or partially take into account such factors as 

the operating conditions, the adopted repair system, 

the intensity of replenishment and decommissioning of 

the rolling stock, etc., and consequently, calculations 

by norms and actual consumption of S/P. That raises 

the need to improve the methods for calculating the 

planned need for urgencyof road transport [2]. 

3 Analytical Studies 
To improve the methodology for calculating the 

need for S/P, it is necessary to know the need 

formation patterns for them, taking into account the 

time variation of the influencing factors [3]. 

At the first stage of the research, the structure 

of the system studied was identified. In accordance 

with it, during the period of operation, the operating 

conditions do change. Their change leads to a change 
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in the intensity of vehicles operation. For example, 

when the amount of precipitation changes, so do the 

road conditions, causing changes in the speed and 

daily mileage of cars. Accordingly, a change in the 

intensity of operation leads to a change in the rate of 

increment of the operating time [4,5]. 

In addition, the variation in operating conditions 

causes a change in the intensities of aging, the 

accumulation of fatigue damage to parts. This leads to 

a change in the flow of failures and, consequently, the 

intensity of the expenditure on S/P. 

The change in the technical condition of cars is 

caused by a number of processes associated with the 

operating time or the period of operation. With an 

increase in the operating time, wear and tear 

increases. With the duration of operation-associated 

aging, the corrosion, a change in the physicochemical 

properties of the materials of car components occurs. 

Therefore, the contribution of some or other process to 

the change in technical condition depends on the 

intensity of operation. Consequently, there is a 

dependence of the probabilities of reaching the 

limiting states of vehicle parts on the intensity of 

operation. Accordingly, there is a relationship between 

the intensity of the operation of vehicles and the 

intensity of expenditure on S/P. In turn, the intensity 

of S/P consumption and operating time for a certain 

period form the leading function of the replacement of 

vehicle components, which determines the need for 

S/P. 

Thus, the process of formation of the flow of 

requirements is identified in modeling the 

consumption of spare parts. To create on its basis a 

model for the expenditure of S/P, it is necessary to 

establish the patterns of interaction of the elements of 

the system. Based on the analysis of the results of 

earlier studies, an assumption has been made on the 

form of the laws governing the influence of operating 

conditions on the intensity of consumption of spare 

parts for special vehicles. 

To develop a model of consumption of spare 

parts, the regularities of the system under study are 

divided into two levels. The first level includes three 

relationships within the system (Fig. 1): 

N = f (t) is the dependence of the demand flow of 

the spare parts on the operating conditions factor; 

L = f (T) is the dependence of the intensity of 

exploitation on time; 

T = f (T) is the dependence of the operating 

conditions factor on time. 
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Fig. 1: Regularities of the interaction of the elements of the 

system of the first level 

 

The combination of the regularities of the first 

level forms the flow of requirements for spare parts 

(Fig. 2).  
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Fig. 2: Regularities of the interaction of elements of the 

second-level system 

 

There are two approaches to modeling the flow 

of requirements. 

The first approach is stochastic, based on the 

creation of an imitation model, taking into account the 

influencing factors and the randomness of 

requirements. 

The second approach is deterministic, based on 

the calculation of averaged values of S/P consumption. 

The accuracy of this calculation depends on the size of 

the time period over which the parameters are 

averaged. 

In known methods, averaging is carried out over 

a year. In order to increase the accuracy of the 

calculation and to provide an opportunity to take into 
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account the seasonal changes in climatic conditions 

and the intensity of vehicles operation, the averaging 

time interval must be taken as a day or a month. 

4 Methods of Planning the Needs 

in Spare Parts with Regard to the 

Seasonal Changes of Natural 

Climate Conditions and the 

Intensity of Operation of Special 

Automobiles 
For the system of demand planning, allocation 

and implementation of funds at MTR in transport 

subdivisions of oil and gas producing enterprises, it is 

typical that the requirements for resources and their 

suppliers do not match in time. Deliveries are made 

once a month or in a quarter, and imported S/Pare 

ordered once a year. At the same time, the volume of 

supplies does not correspond to the actual demand. 

To eliminate the described shortcoming, it is 

necessary to plan the deliveries taking into account 

the variation in the need for spare parts over time. It 

is proposed to divide the nomenclature of S/P into 

three groups: 

1) Group T (thermal) – spare parts are 

characterized by unstable consumption, significant 

fluctuations in their consumption and low forecast 

accuracy. The resources of this group are consumed 

more intensively when the temperature of the 

surrounding air rises. 

2) Group U (uniform) – spare parts are 

characterized by stable consumption, slight 

fluctuations in their consumption and high forecast 

accuracy. 

3) Group C (cold) – spare parts are characterized 

by unstable consumption, significant fluctuations in 

their consumption and low forecast accuracy. The 

resources of this group are consumed more intensively 

when the temperature of the surrounding air 

decreases. 

As a criterion of functioning, the minimum costs 

were chosen, caused by the idle time of special vehicles 

due to the absence of continuous supply, and the cost 

of storing the reserves of the S/P. 

The idle time of cars due to lack of spare parts 

can be estimated as follows: 
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For ΔТ it is possible to take the critical time of 

replacement of a special vehicle with a standby vehicle 

(Tcr). The cost of storing stocks of S/P can be estimated:  
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where C – the cost of storing a unit of S/P, rubles/day. 

It is proposed the need for spare parts N for a 

period of time to adjust the coefficient of seasonal 

unevenness of requirements for spare parts K [1]. 

The results obtained will reduce the downtime of 

special vehicles in anticipation of their repair, reduce 

the cost of storing S/P. For practical use of the 

research results, in accordance with the proposed 

methodology, the simulation software package 

NeedForSpare was developed. The program allows 

interpreting and simulating the processes of formation 

of the demand for S/P taking into account the seasonal 

changes in natural and climatic conditions and the 

operating conditions. 

5 Conclusion  
The research carried out allows solving an 

important scientific and practical problem on 

establishing the regularities of the formation of the 

need for spare parts for the operation of special 

vehicles, taking into account the seasonal conditions 

and improving on this basis the methods of planning 

the demand for them in motor transport enterprises. 

Regularities and mathematical models of the effect of 

temperature on the intensity of consumption of spare 

parts in the operation of special vehicles are 

established. Numerical values of parameters of 

mathematical models are determined. 

On the basis of the studies carried out, a 

methodology for planning the demand for spare parts 

taking into account the seasonal conditions was 

developed, as well as a program for modeling the 

processes of formation of demand for S/P taking into 

account the seasonal changes in climatic conditions 

and the operating conditions. The values of the 

coefficient of seasonal unevenness of requirements for 

spare parts for different air temperature ranges have 

been calculated. For example, when the equipment is 

operated at -30 to 0 °C, the seasonal unevenness factor 

for the Cold group is 1.36. 
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