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Summary: Maintenance of vehicles is essential for transport companies. The article is to designed and teste a model of maintenance of transport equipment in a courier company. As a result of the study are defined strategies to maintain the vehicles and are made suggestions to the companies on optimizing maintenance of vehicles in specific conditions.
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1. Introduction
At the present stage of economic development in our country the problem of increasing social productivity and product quality becomes extremely important. All modern machines that are used are the product of research and at the same time they become an object of science.
It is not only to create a machine that is able to perform well set in her features, but maintaining in serviceable condition and be done with minimal loss of work and resources to the maximum efficiency.
As a result of the impact of multiple largely uncontrollable factors, occurs distortion of reliability indicators set in the machine. To maintain a certain level of reliability is necessary to eliminate the consequences of these factors, ie maintain the machines in working order. To manage these processes is necessary to know the problems associated with aging machines, the physics of failures and their impact on climate reliable indexes of products, methods and means for detecting, locating, identifying their causes, their removal technology, strategies, management, organizational forms for their maintenance. Therefore, maintenance of machinery in working order is an objective necessity, which is dictated by a number of technical and economic prerequisites and is part of the structure of the life cycle of machines.
2. THE RESEARCH  

Objects of study are 40 vehicles "Citroen Jumper" used by "Econt" for delivery of parcels within the different regions of Bulgaria.
Subject of study is the economic efficiency of repair and maintenance of these vehicles during the warranty and off warranty period.

Of these vehicles maintenance is carried out and repair warranty and non warranty in specialized workshops that are not part of the company "Econt".  When the warranty is off, “Econt” buy spare parts and sent them in places where cars are based. In this case the company only paid labor for the removal of failure in the relevant external, non specialized brand service.
During the warranty same car is serviced and repaired at the nearest authorized specialized, brand service of the location where the car is based. In this case, is paid only for parts and labor, which is not covered by warranty conditions.
The service, which performs maintenance of transport equipment can be presented as a model with unrestricted inflow of orders (open model), which is characterized as a queuing system having a limited number of jobs "n" to maintenance and R (repair). Each workstation can serve only one request. Each incoming request stands in the queue, as jobs are occupied and standing in the queue until one of these jobs are not released. If the application in the service, when there is a vacancy, it is immediately taken for service.
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Fig.1. Schematic of a system with unrestricted inflow of orders
The source of the flow of requests is unlimited in its capabilities, while flux density is extremely important. The time of each service request is tob random variable, which is governed by the law of the indicative distribution with parameter μ.

All jobs in service with unlimited inflow of orders have the same performance. The main indicators characterizing the work are: probability of all channels are free or busy, the mathematical expectation of the length of the tail coefficients of employment and jobs stay in service. Possible state of the service transport equipment, subject of this study can be described by the following differential equations system (1).
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where 
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are the probabilities of the state in workshops to no or "K" number of requests.
Let us consider the steady state of workshops in which 
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, In this case we can write the equation of condition (2):


[image: image14.wmf]n

К

при

P

P

K

P

K

P

P

K

K

K

£

£

=

+

+

+

+

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

=

+

-

-

+

1

0

)

1

(

)

(

,

0

1

1

1

0

l

m

m

l

m

l

 (2)

The solution of system (2) norms must satisfy condition (3):
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Model maintenance of transport equipment is shown in Figure 2.
[image: image16]
Fig.2. Model maintenance of transport vehicles: СТС is a transport system; НУФ - uncontrollable factors deteriorating the characteristics of indicators of reliability; УФ - manageable factors deteriorating the characteristics of indicators of reliability; Х - factors, providing engines work (labor, fuel, lubricants); Y – technical condition of machinery and baseline characteristics of the indicators of reliability.
НУФ are factors not subject to control. These are weather conditions, the road surface, the random nature of failures in the vehicles. Usually these factors are considered constant.

УФ are those who can affect to the vehicles, this are strategy for maintains and repair. These is the factors are change during the operation of vehicles.

Drivers who drive vehicles make twofolds in this model by the following reasons: Each driver has its own driving style, own opinion on when the car is straight and faulty. Seen from this perspective, the driver in the model belongs to a group of uncontrollable factors, but the manager or owner can affect on this factor as a driver sacked or forced to carry out his instructions on how to control vehicles. Therefore, this factor is twofold.
Operation of vehicles can be divided into two main stages, the model of the maintenance of transportation equipment must be true for each stage. The stages are:
Stage 1 – the car is new and has manufacturer's warranty;
Stage 2 – the vehicle is used some time and there is no guarantee from manufacturer.
In Stage 1 during the warranty period given by the manufacturer, CTC operator company must comply with certain requirements of the manufacturer - on the environment in which to operate a vehicle as well as methods and ways of its service and repair. Therefore, CTC operator builds its strategy to operate and maintain it is around these requirements.
After completion of Stage 1 and Stage 2 entry in the company operating the CTC changed its strategy for operation and maintenance of vehicles based on their own reasons, as to optimize the cost of maintenance and repair. Change of strategy is made by using alternative parts of the company and external non-specialized workshops for the brand.
From here distinguish two strategies for maintaining CTC throughout their lifetime.

Stategiy A - use external to the firm but specialize in these brand vehicles, service and original spare parts;

Strategy B - use external to the firm but not specialized in these brand vehicles, repair and alternative parts.
Implementation of various strategies for maintain and repair directly influence the reliability of research fleet. An example of this is found by a statistical study of failures described in [2] in the suspension of cars and the result is an increase in specific costs for repairs after the warranty period (Fig. 3).
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Fig.3. Specific costs for 1000 km during and after the warranty period
This occurred despite lower labor costs in other specialized, brand service at a lower hourly rate for labor (Table 1 and Table 2).
Table 1.

 Price quote for repair in specializing brand service
	Parts
	Parts price
	Work costs

	Balljoint replacement and pads on carrier
	128 lv.
	30 lv.

	shokc absorber
	190 lv.
	60 lv.

	steering nozzle
	146 lv.
	30 lv.

	Setting the front suspension
	
	30 lv.

	обща цена
	749 lv.
	150 lv.


Table 2.

 Price quote for repair on average market prices in general-brand service
	Parts
	Parts price
	Work costs

	Balljoint replacement and pads on carrier
	30 lv.
	12 lv.

	shokc absorber
	138 lv.
	30 lv.

	steering nozzle
	40 lv.
	10 lv.

	Setting the front suspension
	
	30 lv.

	обща цена
	208 lv.
	82 lv.

	overal
	290 lv.


This result could be explained by normal wear and tear of vehicles and quality of the alternative parts, preferred because of its advantageous price and even more advantageous labor costs in non-specialized brand shops. Since these changes are part of the described strategy follows that pattern remains unchanged during the Phase 2 study of CTC operations. Changing only the strategy of maintaining of research’t fleet, which in turn is controlled factor in research model.
In this example the chassis does not factor into account qualifications of service - staff refurbished cars. Diagnosis and replacement of elements of the chassis of the car does not require any specific, special knowledge, so that it can be assumed that the quality of repairs is the same as in specialized brand service, and in non-specialized. Therefore, in this case, the use of non-specialized brand service stations due to lower hourly rate for labor is justified in economic terms. Low quality alternative parts leads to an increase in failures in the suspension (fig.3.), and thus to higher costs for parts, making it unsuitable alternative parts used in Strategy B.
2. Conclusion
The examined model for technical maintenance of transport equipment is correct for both phases of the operation of vehicles tested in the specific operating conditions.

Stradegiy used to support the research fleet is not economically justified because of the increase in specific costs for repair of the fleet. This is why this strategy can be optimized.
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