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Abstract. The paper proposed the formula for calculating the residual life of the engines 

without disassembly using the method of spectral analysis of oil. The basis for calculation is 

the average change in the content of elements of deterioration in the operating oil for a certain 

period of time of the engine. 

 

1. Introduction.  
Service life of the machinery is directly dependent on the degree of wear of the friction units. Wear - 

that change the size, shape, weight or state of the surface of the product due to failure (deterioration) 

when its surface layer friction. Basically there are 3 types of wear. It - corrosive wear, mechanical 

wear and tear under the influence of an electric discharge. If the first 2 types of wear are fairly well 

known and sufficiently studied, the last kind few people paid attention. 

In recent decades, there have been some studies that reveal the essence of the processes taking place in 

the friction units of machines and mechanisms in the presence of them tribo drugs [1 - 4]. It turned out 

that these processes play a major role in the resulting contact points mating surfaces friction unit 

electrical discharges. The lifetime of a single spot can be 10
-7

 – 10
-8

 s [5]. On a single spot having 

short-term individual temperature flashes. As a result, a very short period of time, a thin layer of 

molten material, and even in the high-energy state, similar plasma or magma. This “MAGMA-plasma” 

later called “Triboplasma”. The energy of the electrons emitted by the separation of solid surfaces 

reaches relativistic values [6]. 

We must assume that triboplasma occurring at break of the contact mating surfaces will be the main 

component of the process of wear friction unit. And wear a determining operating life of machinery. If 

you predict the service life of the units of cars, depending on the wear and tear, you can look for ways 

to improve the use triboplasma resource characteristics of machines and mechanisms. 

Questions to predict the service life of the machinery is widely discussed in [7 - 9]. 

  

2. Methods of research.  
In this paper we used the method to study emission spectral analysis to predict performance without 

collapsible parts. 

 

3. Results and discussion.  
The initial data for forecasting the residual resource can have different parameters and indicators of 

the technical state of the system. However, the most frequently used parameters such as wear. 
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The basis for the prediction of wear are probabilistic mathematical model of the process of wear, 

which wear can be presented either as a function of the random variable  tfx   or a random 

function  tx . Prediction of wear of machine parts for wear, represented as a random variable, and 

produced by xm  and 
xД  or

 x . This prediction does not take into account the individual 

characteristics of each machine wear group, resulting in an increase in the accuracy of predictions of 

its duration is significantly reduced, especially if the nature of the process of wear between the 

machines in the group varies considerably. Prediction of wear on the random function that is obtained 

by mixing specific implementations, carried by  tmx
,  tД x

 and
 

 1,ttKx
 or

 
 1,ttrx

. The 

normalized correlation function  1,ttrx
is characterized by stable dynamics of wear each car group, 

in view of which significantly increases the accuracy of forecasting. If the value  1,ttrx  
is close to 

one, indicating that the weak mixing implementations, the prognosis can be given for a longer period. 

At small (vigorous stirring) prediction with the required accuracy can only be done for a short period 

of time. Taking this into account, when predicting the optimal solution should be found, ie, the 

duration of the forecast should be established of the conditions required accuracy of the forecast. 

Currently probabilistic mathematical model of the process of wear are the way of statistical 

processing of the results of measuring the wear of machine parts with normal exploitation. The main 

difficulty in finding such models associated with the current measurement of wear and tear. At the 

widespread linear and weight measurement wear, as the most authentic and relatively simple method 

for estimating the wear, wear full dynamics can be set only for those parts of machines and 

mechanisms, the measurement of which is not related to the dismantling of the machine. In this case, 

you can get a family of implementations, while stirring, and which is a random function of wear, 

representing the most complete probabilistic mathematical model of the process. However, in most 

machines such measurement items without dismantling the machine can not be performed, so that the 

wear of these parts is evaluated by two measurements carried out at the beginning and end of the test. 

With such frequency measurements can not find concrete implementation, and hence it is impossible 

to describe the process of wear of a random function. In this case, the dynamics of the wear on the 

whole group studied cars are available only through the statistical processing of a large number of 

random measurements of parts obtained by dismantling the machine with different duration of work 

between their showdowns. This model  tfu   
is characterized by deterioration of the wear process, 

depending on the operating time as a random variable, not as a random process. Such a description of 

the actual pattern of wear displays it in one or another group of machines, but this map is incomplete, 

as part of the probability characteristics remain uncertain. Such information about the possible nature 

of the flow dynamics of the growth of depreciation  tfu   
are given in [10]. 

The initial data for the forecasting performance of parts of the machine for a certain period of time t 

is the measurement of wear to the original time t1. However, such data can be obtained at any point in 

time we are interested only in the machinery, which is required to measure the wear full or partial 

dismantling of the machine. In this case, the prediction performance become difficult to achieve since 

any disassembly of the machine, including the associated only with the measurement, may cause some 

changes in the conjugation of the measured items and hence to a significant error in the prediction. 

A promising and reliable method for predicting performance without collapsible parts is the 

method of "wear products in oil" and, in particular, the emission spectral analysis of oil (Esam) [9, 11]. 

This method makes it possible to describe the process of wear parts and measure the random function 

wear at any given time. However, the use of this method for predicting has its own characteristics and, 

in particular, especially in the initial estimate of the wear. If one line or the weight measurement can 

judge the degree of deterioration of the items, according to the result of the spectral analysis of the 

process during normal wear can not do this for the following reasons. Esam method determined by the 

mass of metal removed from the friction surfaces for the period after the change of oil to measure. 
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Therefore, the entire mass of metal removed from the friction surfaces, can be determined only if the 

measurement of wear to perform regularly with the initial moment of the machine. 

Given these features of the method of "wear products in oil," prediction using this method can be 

performed to determine the amount of metal removed from the friction surfaces and the speed of its 

receipt in the working oil. 

The basis of this prediction information on the amount of metal removed from the friction surfaces 

at any predetermined time. With the highest precision, such information when evaluating wear with 

spectral analysis of the lubricating oil can be obtained from the balance equation, consisting in equal 

number to the number worn layer of wear in the crankcase. In this case the evaluation of working 

capacity of details of a particular machine depends on the error description of the process of wear 

balance equation. 

For such a prediction is necessary to have: 

- Random function of wear  lG  or  tG ; 

- Information about limiting the amount of metal limG removed from the surfaces of the parts in which 

failure can occur. 

For information about limiting the amount of metal limG can be obtained by experiment or 

calculation [9, 11, 12]. The difficulty in obtaining such information is as follows. Even with the 

normal processes of wear, wear identical machine parts is uneven. Depending on the engine design 

and requirements on its operation, the loss of efficiency of the machine can occur either when the 

maximum size of a single part, while others wear can be significantly lower, or on reaching all parts of 

limit or close to the sizes. In the first case, an amount of metal to be taken in the shortest possible 

minG , and in the second case - for the maximum possible
maxG . In the experimental finding the limits 

of these values must use the statistics measuring the wear and tear from vehicles entering the repair of 

failures. Calculated by weight of the metal is determined by volume, calculated in accordance with 

Diagrams surface wear and taking into account the permitted norms rejection. The accuracy of the 

method depends on the complexity of the geometric shape wear. A more reliable method is 

experimental. However it is better to combine both of these methods. 

Persistence load and engine speeds allows you to approach the balance equation with aggregate. The 

basis for this decision put the average content of the elements of deterioration in the operating oil for a 

certain period of time of the engine. 

The balance equation, with aggregate is as follows 
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where MG - the mass of oil, g; iC - Concentration of the element i in the oil-measurement%; t - time 

of the engine, watch; yg - specific oil consumption, kg / h;
 цфq  - the proportion of the number of his 

element in the oil centrifugal filter is delayed one hour; φ - coefficient taking into account carryover of 

elements from the engine; n - number of measurements. 

To calculate the need to have information on the value of the coefficient, which can only be 

obtained from the measurements. Reliability of determination according to equation (1) depends on 

the number of measurements over time. Moreover, it is desirable to make the measurement in the 

middle of the life of the oil. 

Consider forecasting algorithms depending on the amount of available information and present the 

accuracy of the forecast. 

The easiest time of residual life may be determined by the following formula 

                                                        riding

east 1

G t
t t t

G


     ,                                                          (2)                   
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where riding
G - permissible mass element wear, g; G - the mass of the element of wear accumulated 

during the oil-t, g; t - follow-up the work of the engine in order to predict the resource  per hour; t1- the 

time of engine start up observation hour. 

The algorithm of the forecast represented by the formula (2), based on the assumption that the rate 

of wear items arrive before the start of the observation will be the same as in the period of observation.  

Therefore, the accuracy of this prediction will depend on the stability of the dynamics of wear each 

motor group. The reliability of the forecast can be increased if we know the point of history, ie, the 

values of the mass of metal lost in the previous maintenance period. 

In this case, the prediction should be performed according to the formula 
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 where it - the length of time of i-th season of operation or harvesting (planting) on the accumulation 

of weight lost metal Gi; N- the number of seasonal operation. 

A significant way the accuracy of the prediction can be improved by the submission of the 

accumulation of elements of deterioration function  tfG   for each engine or a random function 

 tG  for the engine group. These functions are obtained by fitting the results of observations by the 

method of least squares. The most common type of such models are linear 

                                                         01 ataG  ,                                                                          (4) 

or quadratic 
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2
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In the absence of information on the amount of metal accumulated at the beginning of the observation 

time for the residual life of the linear model defined by the formula 
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and for the quadratic model by the formula 
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If you have information about the number of accumulated metal, forecasting for the linear model 

should be carried out according to the formula 
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and quadratic 
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4. Conclusions. 

To determine the residual life of the above formula, you must have information about, ie, wear 

thresholds. Then the residual life of the machinery can be calculated by the expression [11, 12]: 

                                                                QKG порпор  ,                                                        (10) 
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