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Abstract. The paper deals with the issue of improving the efficiency of 
heavy-duty engines by restoring worn parts. The influence of the reserve of 
spare parts on the reliability of the engines is determined. It is proposed to 
carry out maintenance on centralized bases that serve several auto 
enterprises. Established: the method of replacing worn elements will 
reduce the number of engine overhauls. 

1 Introduction 
It has already been noted that the recent changes in the design principles of production 
facilities, which are based on the use of replaceable structural elements, in order to improve 
their maintainability, in fact, do not reflect the achieved level of maintainability of 
production facilities. And the reason for this is the immutability of organizational forms up 
to the present time. 

The concentration of disassembly and assembly work performed at specialized repair 
enterprises cannot be subordinated, from an economic point of view, to the requirements of 
the necessary concentration of work on the restoration of elements [1]. 

The complexity of assembly, with the existing methods of organization and technology 
of maintenance of automobile engines, with programs exceeding 2.0 thousand per year, is 
practically not reduced (Figure 1), and with programs much larger, with the restoration of 
elements, there is a noticeable decrease in labor costs [4]. 

If we take into account that the restoration of the performance of automobile engines 
can be carried out, in most cases, without their complete disassembly (replacement of the 
sleeve-piston group, block head, etc.), then the possibility and necessity of separate 
organization of work on the replacement of worn-out elements and components and their 
restoration becomes obvious [2]. 
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Fig. 1. The nature of the change in labor intensity during engine repair YAMZ-240N 

2 Theoretical research 
Centralized restoration of worn-out components and components should be organized at the 
level of large-scale or mass production, and their replacement, when restoring the 
performance of automobile engines, at enterprises with a significantly lower concentration 
of work [3,5]. Such maintenance can be performed at centralized maintenance bases that 
would serve several motor transport companies, and would have simple equipment for 
disassembly and assembly and related work. 

The separate organization of work on the replacement of worn-out elements and their 
restoration further confirms the expediency of this direction, since disassembly and 
assembly work during maintenance is auxiliary, necessary for the control, sorting and 
subsequent restoration of elements. These works also do not require complex technological 
equipment. 

Restoration of elements is the main type of work for specialized repair industries. 
Therefore, more complex and expensive equipment will be required to perform them. 

The planned frequency of replacement of individual elements and components is a 
condition for redundancy, as the basis for maintaining the reliability of production facilities 
at a given level. 

Redundancy in road transport consists in the presence of redundancy of a certain part of 
spare parts, including elements "in bulk", assemblies and assemblies. 

3 Evaluation of engine reliability 
Consider the effect of creating a reserve on the reliability of automobile engines [15]. 

Suppose that the duration of replacement of a faulty unit (element) is negligible, in 
comparison with the duration of the engine's failure-free operation, then it can be neglected 
[17]. The possibility of such an assumption is confirmed by the fact that the downtime for 
replacing the main components of the YaMZ-240N engine does not exceed 2% of its 
working time. When performing a replacement during the inter-shift (non-working) time, 
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the duration of restoring the engine's operability is equal to zero, since maintenance, in this 
case, is performed during natural breaks in operation [6,9]. 

At the same time, we can assume that the restoration of the car engine performance 
occurs instantly. Therefore, in this case, all the main provisions of the theory of redundancy 
of technical devices are applicable [8]. 

According to the theory of reliability of complex mechanical systems, redundancy can 
be general and piecemeal. 

If the engine is reserved as a whole, this will be called general redundancy, and when 
individual elements (components and parts) are reserved, it will be called piecemeal 
[18,20]. 

Both general and element-by-element redundancy, according to the method of including 
the reserve, can be with a permanent reserve and replacement (cold reserve) [19]. 

A permanent reserve that works simultaneously with the main one is of little use for 
automobile engines. The replacement reserve, until the failure of the main element, is in 
working condition and stored in the warehouse. Such a reserve, before it is included in the 
work, must be operational [13,16]. 

The advantage of a reserve with replacement is that the main element of any engine can 
be replaced by a reserve (sliding redundancy) [7]. This will contribute to a significant 
reduction in the number of redundant elements at the same time a given level of reliability 
(redundancy with fractional multiplicity) [21]. 

The engine, first of all, is a technical system consisting of many elements (assembly 
units, elements). A malfunction of one of the elements may cause the entire system to fail. 
If the failure of each element is represented as a random event, then according to the rule of 
multiplication of probabilities, the reliability of the car engine can be represented as 
follows: 
 

                                        Рд0 = Р1(l) Р2(l) Р3(l) … Рi(l) … Рn(l) = П Рi(l),                                          
(1) 

 
where Рд

0 is the reliability of the automobile engine; Р1(l) Р2(l) Р3(l) … Рi(l)- is the 
reliability of the individual elements (parts, assemblies) of the engine. 

The probability of proper operation of the element (node) Рi(l) and the probability of 
failure qi(l) in a given time interval (mileage interval) are related by the following relation: 

 
                                        Рi(l) + qi(l) = 1          qi(l) = 1 - Рi(l). 
 

If we assume that some node, having reached the limit state (for example, by wear), will 
be replaced by a backup, then the probability of failure of the i-th node, taking into account 
the input of the backup, will have the form: 

 
                                              Qi(l) = qi(l) · qi(l) =  [1 - Рi(l)]2, 
 

then the reliability of this node will be: 
 

                                        Рi(l) = 1 - Qi(l) = 1 – qi
2(l) = 1 - [1 - Рi(l)]2,                                

(2) 
 

If there are m-1 backup nodes of the same name, the reliability of the node will be as 
follows: 
                                 
                                      Рi(l) = 1 - Qi(l) = 1 – qi

m(l) = 1 - [1 - Рi(l)]m,                                 
(3) 
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The reliability of the engine, consisting of «n» nodes, each of which is reserved in the 

number of «mi – 1» pieces, is determined as follows: 
 

                        (l) =  =  ,             (4) 
 

We will analyze the change in the probability of failure-free operation of the YaMZ-
240N engine, depending on the backup method. We will use the data on the reliability of 
the components and elements of this engine, given in Table 1. 

The probability of failure-free operation of a non-redundant engine, in this interval, is 
determined by the formula 1. Substituting the corresponding values, we get: 

 
                         (l) =  = 0,092 · 0,57 · 0,822 · 0,835 = 0,029. 

 
Taking the values of the reliability of the components and elements, it is revealed that 

only 2.9% of the engines will work out a failure-free run of 80-100 thousand km. 
 

Table 1. Data on the reliability of the main parts of the YaMZ-240N engine 
in the specified mileage interval 

№ Name of the main elements and components that are 
included in the spare parts 

The probability of failure-free 
operation in the range of 80-100 

thousand km 
1 2 3 
1 
 
 
 
2 
3 
4 
5 

Cylinder-piston group: 
- cylinder liner 
- piston 
- piston rings 
Connecting rod inserts 
Cylinder head 
Block head gasket 
Valves 

0,092 
0,45 

0,455 
0,45 
0,57 
0,82 
0,82 

0,835 
 

If there is a set of all spare parts, the reliability of the engine is determined by the 
formula 4. Substituting the corresponding values, we get: 

 
(l) =   = [1 – (1 – 0,092)2] · [1 – (1 – 0,57)2] · 

[1 – (1 – 0,82)2]2 · [1 – (1 – 0,835)2]  = 0,13 
 

In this case, the reliability of the engine, in comparison with engines that do not have a 
spare reserve, will increase in: 

 
= 4,48 

 
If there is an engine assembly in stock, instead of individual components and elements, 

then the reliability of the engine, taking into account the backup, will be: 
 

Рg(l) = 1 -  [1 - Рg
0(l)]2 = 1 – (1 – 0,029)2 = 0,057. 
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In this case, the reliability of the engine, when reserving individual components and 
elements, is 1.97 times higher than with the general redundancy: 

= 1,97 

4 Conclusion 

The reliability of the engine (l) = 0,13 can be ensured with a general backup, but then a 
significant number of spare engines will be required. And this, in turn, will lead to an 
increase in the value of the reserve (stock). 

Therefore, in order to maintain the necessary level of reliability of automobile engines 
and reduce the cost of spare parts, it is economically feasible to create a reserve fund not 
from the assembled engines, but from its components and elements. 

According to the theory of reliability, the gain obtained by reserving increases with any 
splitting of the reserve [10]. 

The most profitable, from this point of view, should be considered the reservation of 
individual elements. This, in fact, is currently the case in the practice of road transport. 

Meeting the requirements for assembly quality, minimizing costs, and ease of 
performing work on replacing worn-out elements, caused the engine assembly units to be 
used as a spare (backup) element. Hence, we can draw a very important conclusion about 
the need to organize centralized restoration of worn-out components, rather than individual 
elements implemented in bulk [12, 14]. 

In solving the problem of restoring the performance of automobile engines, this is a 
completely new approach, first proposed in the USSR in the second half of the 20th century 
[11]. 

The considered material allows us to conclude that at the present stage, there are 
objective prerequisites for the organization of maintenance of automobile engines and other 
objects of production of long-term use, which is based on the method of replacing worn-out 
elements. This will lead to a reduction in the number of expensive capital technical services 
performed. 
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