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Summary: The work of logistical support subsystems of the service enterprise is analyzed, which leads to downtime of cars in repair, which 

complicates the work of the production area and leads to the necessity of allocation of ever larger premises for the storage of cars waiting 

for spare parts. The normative planning method for forming the needs of service companies in spare parts was selected, based on the 

methods of recovery theory. The normative planning method for forming the needs of service companies in spare parts was selected, based 

on the methods of recovery theory. An exponential Weibull - Gnedenko distribution has been established to describe the demand for the 

average resources of spare parts and units for cars. It is suggested to manage the stocks of necessary parts by the method of dividing the 

spare parts into groups A, B, C. The need for spare parts can be calculated using a general characteristic (based on a sample 

characteristic). Modern dealership service companies have a unified system of spare parts orders, depending on volume and periodicity. The 

change in the number of consumed parts of the first group, which occur smoothly without sharp fluctuations, is investigated. For the second 

group of parts, three maximums of spare parts are allocated. 

Keywords: SERVICE ENTERPRISE, SPARE PARTS AND MATERIALS PROVIDING LEVEL. 

 
1. . Introduction 

 
Formed in the early 90's the spontaneous market of vechicle  

is becoming more civilized every year, and there are constant links 

between its participants. Due to the growing purchasing power of 

the population, there is a steady increase in demand for new and 

used cars, which in turn leads to an increase in the market for car 

repair and maintenance services [1]. 

About 10% of service enterprises (SE) specialize in servicing 

cars of foreign production only, they also include official dealers of 

vehicle manufacturers [2]. 

A necessary condition for the existence of quality service is 

the effective organization of its logistical support of service 

enterprises. From a large number of subsystems of logistical 

support it is necessary to distinguish the following subsystems: 

maintenance of optimum stocks of spare parts and materials and 

methods of their replenishment, improvement of processes of 

ordering, purchase and delivery of component products and 

materials [3]. 

Poor work of these subsystems of logistical support of the 

service enterprise leads to: downtime of cars in repair, which 

complicates the work of the production area and leads to the need to 

allocate ever larger premises for the storage of cars waiting for 

spare parts. The time spent on SE of such cars can reach 3-4 weeks, 

to increase the queues for service, to increase the number of refusals 

to customers due to lack of spare parts, to reduce the 

competitiveness of the enterprise in the market and reduce the 

popularity of individual brands of cars [4, 5]. 

In order to solve the problems of providing service companies 

with spare parts, it is necessary to develop an effective methodology 

for determining the need for spare parts for service enterprises that 

are part of the dealer network, as well as to determine the best ways 

to manage inventories at such enterprises [6, 7]. 

 

2. Problem statement 
 

The unsatisfactory operation of the subsystems of logistical 

support of the service enterprise leads to: downtime of cars in 

repair, which complicates the work of the production area and leads 

to the need to allocate ever larger premises for the storage of cars 

waiting for spare parts. The time spent on SE of such cars can reach 

3-4 weeks; to the growth of service queues; to increase the number 

of refusals to customers due to the lack of spare parts; to reduce the 

competitiveness of the company in the market and reduce the 

popularity of individual car brands [8]. 

 

 

 

3. Research results 

 

In terms of SE, the normative planning method is widespread 

in calculating spare parts needs. The number of product (element) 

replacements for any range from 0 to L is determined using 

recovery theory methods. 

Norma spending spare parts:  
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where DPL
 - mileage of cars during the depreciation period, 

thousand km; 

NPL
- the service life of the new part, the car assembly before 

the first replacement, thousand km; 

DPt
- the service life of the car by the rate of depreciation, 

year; 

SPR - average spare parts life between replacements, thousand 

km, taking into account average parts and components times before 

and between replacements, taking into account the upper confidence 

limit; 

QU - the quantile of the normal resource allocation of the 

initial element; 

 - mean square deviation of the life of the part, thousand 

km. 

The park's annual need for spare parts is determined by the 

use of the standard: 

  100
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, 

where   - a correction factor of 0.9-1.0 depending on the 

category of operating conditions; 

P - car park, pc. 

The average daily consumption of spare parts for normal 

distribution is determined by dependence: 
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  , pcs / 100 aut. per year, 

where n  - number of parts, units of the same name on the 

car; 

iT
- the life of the car at the rate of depreciation per year; 

iV
- the coefficient of variation of the resource between 

replacements; 
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iT
- the life of the car at the rate of depreciation per year; 

iV
- the coefficient of variation of the resource between 

replacements; 

iK
- factor of reduction of a resource of a workpiece 

depending on operating conditions; 

   i

i
i

Z

R
K

R


, 

GZ
- auxiliary value in the calculation of the need for spare 

parts, which is determined by the table depending on the quantile of 

the normal distribution of the resource of the initial element; 

 G L
- the distribution function of the initial element up to 

the moment L, which is determined by the table depending on the 

quantile of the normal distribution of the resource of the initial 

element QU
; 

iZR
- average spare parts life between replacements; 

iR
- the service life of the new part, the node before the first 

replacement, thousand km. 

Formulas for exponential distribution, Weibull - Gnedenko 

distribution and stationary recovery process are also used in the 

technique. In the law of distribution laid down by the manufacturers 

of standards for the average resources of spare parts and units for 

cars. 

You can predict the number of spare parts by using the 

probability recovery density: 

 1a i i Г Q i i i T TQ n h L U n h h L L            

where in  - number of cars whose service life is in the i-th 

interval, pcs.; 

ih
- recovery density, rejection / thousand km; 

TL
- the average mileage of the car over the analyzed 

period of time; 

QU
- one-sided quantile of normalized normal distribution; 

i Th L
- a product that expresses the probability of failure in 

the run interval if this interval is very small. 

It is proposed to manage inventory in a warehouse by 

constantly monitoring the availability of the required parts, using, 

for example, the well-known method of dividing the spare parts into 

groups A, B, C. This method of separation and is currently applied 

in practice. Its essence in the following [6]: 

- Group A (high demand parts) includes, according to various 

estimates, up to 10-20% of the total spare parts nomenclature. These 

details often fail and replacing them with a service company 

eliminates most of the faults and failures. By cost, these parts make 

up 75-85% of the total spare parts consumed; 

- group B (average demand parts) comprises about 30% of the 

total nomenclature and the cost of the parts ranges from 10 to 30% 

of the total nomenclature value; 

- Group C (rare demand parts) comprises more than 60% of 

the total spare parts nomenclature and the cost of parts does not 

exceed 5-7%. 

The need for spare parts can be calculated using known 

dependencies in mathematical statistics to determine the general 

characteristic (based on a sample characteristic) [3]: 
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, 

where inA
 - planned number of cars of different age 

composition; 

inK
- planned specific spare parts need for vehicles of the 

same age range; 

QU
- the quantile of the normal distribution according to the 

given confidence probability а. 

 

The block diagram of spare parts orders delivery for the 

specified orders is presented in Fig.1 
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Fig. 1. Ordering system for spare parts of service companies by volume and frequency 
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For the dealership service companies there is a unified system 

of spare parts ordering. Depending on volume and frequency, there 

are several types of orders: 

 

1. «Urgent order» (UO). Ordering spare parts for a specific 

customer or car under repair. Delivery of spare parts is carried out 

within several hours from the regional warehouse in accordance 

with the delivery schedule. The order is created once a day and has 

a limit on the number of items (no more than 20 names of spare 

parts). 

2. «Daily order from central warehouse» (DOCW). This 

order, as well as UO, is carried out when there is a need for specific 

spare parts. Delivery is made within 24 hours. There is no limit on 

the number of orders and the number of titles in each order, but for 

certain items there is a limit on the number of orders for this spare 

part per day. 

 

3. «Warehouse order» (WO). Spare parts ordering is made to 

replenish the warehouse, it is created once a day and is formed on 

the basis of the actual cost of spare parts at the enterprise. Delivery 

is made within one to two days. The order size is about 150 items 

on average. The list of ordered parts is analyzed by the department 

experts on the basis of cost statistics and some additional 

coefficients. 

 

4. «Airline Order». Ordering items missing at regional 

warehouse due to low demand, or vice versa, spare parts shortages. 

It is carried out on a specific request (client account or order-outfit). 

Delivery is made within 45 days. 

 

5. «Airline order for the company» (AOc). Ordering a large 

batch of spare parts for wholesale customers. Delivery is made 

within 30 - 45 days. 

If during processing of orders UO, WO and AOc it is found 

out that spare parts are absent in the central warehouse, the order is 

shipped from the central warehouse to higher level warehouses (to 

Europe and Japan). In this case, the order period is increased to 45 

days. 

The spare parts system of the service company is a queuing 

system, as it corresponds to the basic features of this system. Spare 

parts consumed in the service company, form a random flow of 

requirements, the demand for spare parts in this case, is described 

by the Poisson distribution: 

  
!
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  , 

where kaP  - the probability that the number of spare parts 

required is equal to k at the average number of parts consumed and 

for the entire time periods analyzed. 

The flow of spare parts requirements for existing car service 

companies, which include the entire complex of departments and 

services, is divided into several components, depending on the 

specialization of the company and the amount of spare parts 

consumed by its departments. As it is noted above, modern service 

companies (especially those owned by dealership network 

companies) have, in addition to their own service base, a spare parts 

sales department where the spare parts are wholesale and retail. In 

addition to said above departments, the company has its own car 

fleet for production and economic needs, a department for the sale 

of new and used cars, and for some there is a car rental service. 

General need for spare parts for customer service and repair 

of customers' cars 

 

 MRD PEN CRD CSD SPSQ Q Q Q Q Q      

where 
MRDQ  - the need for spare parts for the maintenance 

and repair department; 

PENQ  - the need for spare parts of the car fleet for production 

and economic needs 

CRDQ  - the need for spare parts for the car rental 

department; 

CSDQ  - the need for spare parts for the car sales department. 

SPSQ  - the need for spare parts of spare parts shop; 

 

It should be noted that the spare parts sales department may 

consist of several departments - retail, spare parts wholesale and 

ordering department, as well as other spare parts departments, such 

as round-the-clock technical support. 

However, to determine the cost of spare parts at the enterprise 

and the cost of spare parts through the ancillary services of the 

service company can be combined into one common component of 

the cost of spare parts, since the repair impacts on the car fleet of 

the above services are carried out, as a rule, by the customer 

service, except only a component of the costs attributable to the 

spare parts sales department. 

General need for maintenance and repair of vehicles in spare 

parts 

  MS SPSQ Q Q  , 

where MSQ  - need for spare parts for maintenance service; 

SPSQ  - the need for spare parts for the sales (store) of spare 

parts. 

If for calculateing the need for spare parts for maintenance 

service is required the availability of reliable information about the 

operational factors and the composition of the car fleet, then for 

calculateing need of spare parts for spare parts store, obtaining such 

information becomes much more difficult. 

Account of the fact that at large values of the number of spare 

parts the Poisson distribution with good approximation can be 

described by the normal law of distribution. We use this law to 

determine SPSQ . 

For a normal distribution law, the probability
SPSQ  of will be 

less than ( M Z ): 
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      , 

where M  - mathematical expectation of distribution; 

z  - normalized deviation from the mean value; 

  - mean square deviation. 

Setting ourself for probability Р , we determine the 

magnitude of such that: 
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Required number of spare parts required nomenclature: 

  SPSQ M z  , 

However, the specifics of service companies predict the need 

for spare parts at relatively short intervals (usually not more than a 

month), and if the experimental studies reveal that the consumption 

of spare parts does not comply with the described dependencies, use 

this forecasting model will inappropriate. 

Factors associated with the organization of logistics support 

service company, have a strong influence on the need for spare parts 

according to 67% of specialists. These factors are most manageable 

at the service enterprise level. According to experts, the complexity 

of the design, the loss of defects, the unification and the number of 

complaints give little influence on the need for spare parts (55-

60%). Experts also attributed the optimum use of storage facilities 

to the factors that have little impact. This is due to the fact that the 

task of efficient use of storage facilities lies mainly with the staff of 

spare parts who did not participate in the survey. 
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The survey participants were also asked to name factors that 

were not included in the list but which, in their opinion, had a 

significant impact on the need for spare parts. 

Summarizing the wording of the experts' answers, we can 

distinguish the factors not included in the list, namely: the 

possibility of prolonging the life or restoration of worn parts, as 

well as the popularity of the car brand and reputation of the service 

company. These factors should also be explored in future studies. 

The randomness check of the levels of a number of residues is 

performed based on the criterion of peaks (turning points). The 

sequence level is considered to be the maximum if it is greater than 

two adjacent levels, is  1 1t t t      or the minimum if 

it is less than both adjacent levels, that is  1 1t t t     . 

In both cases, it is considered a turning point. The total number of 

turning points is denoted by R. The randomness criterion with 95% 

confidence is the inequality: 

  21,96 pp p   
 

, 

where 
p

 - mathematical expectation of turning points 

number 
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- number dispersion of turning points: 
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If the inequality holds, the prediction model is considered 

adequate. 

The number of peak points for both models is six ( p =6; p

=6,67; 2

p =1,81). Prognostication models the need for spare parts 

are adequate. 

The calculated value of the Fisher criterion for regression 

models in all cases is more critical. It follows that the regression 

models are adequate. 

In the analysis of the actual cost of spare parts for 2018 - 2019 

graphs were drawn of the dependence of the average cost of spare 

parts by the service company. Changes in the amount of consumed 

parts of the first group occur smoothly, without sharp fluctuations. 

For the second group of parts it is necessary to allocate 3 obvious 

maximum costs of spare parts (Fig. 2). 

Fig. 2. Distribution of parts costs in the spare parts service by 

months of the year 

 

The maximum cost of spare parts is in the spring months, 

when many car owners traditionally prepare their car for the period 

of summer operation, as well as in the late autumn before the start 

of the winter period of operation. The minimum outgo of spare parts 

for the second group is in the second half of summer, which is 

associated with the period of summer holidays. 

The fluctuations in demand for spare parts of the third group 

are similar to the fluctuations in the second group. In many studies 

of seasonal variations in ougo of body parts and changes in the 

number of road traffic accidents (RTA). According to statistics, the 

increase in the number of accidents begins in August and lasts until 

November. This confirms the schedule of spare parts for the service. 

In the period October - November, the queues for body repair 

increase, and often there is a shortage of body spare parts. 

Many owners in this case order spare parts in the spare parts 

store, and for repair turn to small service companies, where repair is 

possible in a shorter time. Said above is confirmed by the increase 

in the ougo of spare parts in the store in the middle of November-

December. The situation is the same in April-May due to the 

increase in the number of used cars. The peak of spare parts in the 

store falls in April, and the peak of service costs shifts to May. 

The ABC method is used to determine the nomenclature and 

the volume of spare parts for storage in warehouses. According to 

this method, the whole nomenclature of parts of a particular car (in 

terms of demand) is divided into groups A, B, C: 

І group А – high demand parts високого попиту, 

ІІ group В – average demand parts, 

ІІІ group С – exceptional demand parts. 

The research results of operational reliability of vehicles show 

that there is a limited number of parts that more often fail and thus 

determine the labor and material outgo of maintaining cars in 

working order. 

According to the results of studies, graphs of the distribution 

of actual and projected injection nozzle consumption by months of 

the year are being constructed (Fig. 2). 

 

Fig. 2. Distribution costs and the need for the injection 

nozzles by months of the year 

 

There is a link between the nomenclature of reliability-

limiting parts (Detail, Limit, Reliability), defined by different 

operating methods, and the ABC method used to manage supply 

and inventory. The single cost criterion provides an opportunity to 

determine the nomenclature of Group A parts and gives them an 

upper cost estimate; the comprehensive criterion limits the overall 

nomenclature of the details of groups A and B and provides a cost 

estimate. All other details must be in Group C. 

 

Cost index that takes into account all types of costs associated 

with each spare part: 

( )C M C С Сi i WC LC DRi ii
   , 

where 
іМ  - the number of і parts expended over a period of 

time (or car mileage), units.; 

СWCi
 - wholesale cost of і parts; 
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СLCi
 - the cost of labor costs to eliminate the failure of і

parts; 

СDRi
 - profit loss of the enterprise, connected with the car 

downtime in repair, in particular, due to the absence of the spare 

part. 

The values obtained are іС ranked and arranged in 

descending order: 

 mіва СССС    

і is assigning new indexes: 1a , 2b , ..., Nm  , where

N - the total number of item names (nomenclature), that is: 

 Nj CCCC  21 . 

For convenience of calculations, relative values of the 

considered cost indicators (in percent) are introdused, thus 

normalization of indicators is performed. 

   





N
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i

i
i
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C
q
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Thus, it is  clearly in evidence the method of analytical 

calculation in considered example. 

At experimental studying of change in flow rate of diesel 

engine nozzles in 2019 it was revealed that spare part changing cost 

during the year is nonlinear. As the results of the analysis of the 

dynamics of the cost of spare parts are showed, smooth variations 

are characterised of engine parts consumption. 

To substantiate the choice of the prediction model, depending 

on the nature of the curve of the cost of spare parts, the need for 

spare parts on the example of injection nozzles for 2019 is 

calculated, and then compare the values obtained with the actual 

cost of these parts. 

 

4. Conclusion 
 

1. The high growth of the car fleet contributes to the increase 

in the need for service companies in the spare parts and materials 

necessary for its operation. 

2. Service companies have a huge amount of competitors. 

Deficiencies in the logistics system support lead to a decrease in the 

competitiveness of the enterprise in all areas of activity. 

3. Methods of forecasting the needs of service companies in 

spare parts have been developed. The proposed method allows to 

formalize the processes of determining the needs of enterprises in 

spare parts, to increase the efficiency of existing systems of 

logistical support of service enterprises. 

4. Methodical principles of the choice of mathematical models 

for forecasting the needs of car service companies in spare parts 

were developed, on the basis of which the areas of the most 

effective use of mathematical models were determined. 
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