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ARTICLE INFO  The paper presents a new method of forecasting the durability of piston-rings-cylinder (PRC) liner assembly 

of the internal combustion engine on the basis of observed changes of physical and chemical properties of engine 

oil. Methods used so far for the durability evaluation of the PRC group required collecting information about the 
moments when the assembly reached its boundary state or used kinetic models of wear designed using accelerated 

research of real objects. In the proposed method, for the evaluation of durability of engine cylinders information 

gathered form engine oil is used. Course of changes of the proposed index of change intensity of kinematic 
viscosity at the temperature of 100°C – Cv100 allows for evaluation of the durability of PRC assembly of an IC 

engine. Obtained value was positively verified using forecasting method related to the technical criteria based on 

the assessment of the wear intensity. 
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1. Introduction 
Designing of modern internal combustion engines is 

a challenge both in terms of their efficiency, production and 

operation ecology, as well as high durability. The last param-

eter, despite the bench and operational tests carried out by the 

manufacturer, is finally verified at the stage of use in natural 

operating conditions. Reliable information about the actual 

durability of the vehicle, including its engine, can only be 

obtained at this stage. On the one hand, this requires a long 

waiting time for the expected test results (sometimes several 

years), and on the other, proposing non-invasive methods of 

testing wear, so that the tribological processes in the ob-

served kinematic nodes are not disturbed. 

In case of an automotive vehicle, a component very im-

portant taking into account car’s durability is a piston-rings-

cylinder (PRC) assembly. Wear of this assembly directly 

influences reaching by the engine its borderline state (SG) 

[8]. Wear of the PRC group is mostly identified with the 

increase of the internal diameter of the cylinder liner. As 

the diameter increases, engine start becomes more difficult 

and engine delivers less power – these are technical criteria 

of SG. Moreover, engine consumes more fuel and lubricat-

ing oil. Increase in oil consumption, with severe regulations 

concerning exhaust emissions, results in the fact, that the 

engine (even fulfilling other criteria) can not be used any 

longer – these are economic and ecologic criteria of SG [7]. 

Considering possibilities of durability evaluation of the 

frictional couple (of the technical object), two methodical 

variants can be considered [5, 6, 14]: 

1. An analysis of object’s operation time (e.g. PRC assem-

bly) till reaching boundary state. Having results of re-

search for sufficiently high, homogenous population of 

objects, it is possible to estimate for any time moment t 

wear distribution taking into account average, maximum 

and minimum wear. A particular time of operation is the 

moment when the system reaches boundary wear, con-

ditioning boundary state which corresponds to the dura-

bility of the object. Recording the particular moments of 

reaching boundary state allows for establishing the av-

erage durability T̅, minimum Tmin and maximum Tmax 

for the given population. This method (a’posteriori) in 

case of PRC assembly is difficult to realize. Such type 

of research allows for determination of numerical and 

functional characteristics (point and range) with given 

probability. This method is however costly and time 

consuming, and obtained results can be transferred on 

objects of similar class only with certain approximation. 

Fig. 1 presents the determination of object’s durability 

using the method described above. 

 

Fig. 1. Determination of durability using a’posteriori method 

 

2. Second of methods allows for significant shortening of 

research time and creates possibility to forecast durabil-

ity a’priori. In case of this method, research is done in  

a shorter time than object’s service life. It includes an 

analysis of individual realizations of wear process and 

estimation of tendencies in the course of phenomena 

(theoretical models are obtained). Having information 

regarding boundary state, an assessment of object’s du-

rability can be done. The condition of correctness of the 

estimation is the calculation of tendencies of average 

wear and possible minimum and maximum values for 

the given confidence level. This theoretically-

experimental methods of durability estimation belong to 
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the group of accelerated research, as – from the assump-

tion – they do not require any tests till the object reaches 

its boundary state. Gathered information about the ki-

netics of changes of wear characteristics (models of 

wear kinetics) allow for forecasting durability on the ba-

sis of theoretical reliability models of the distribution of 

correct time of operation. The idea of such type of as-

sessment is shown on Fig. 2a, 2b. 

 

 

Fig. 2. Schematic presentation of durability assessment using a’priori 
method 

2. Essence of the method 
As mentioned above, the reliability of the results of the 

wear tests of the engine's kinematic systems is related to the 

limitation of interference in the operated unit. Also, the 

measurement methods used should interfere with the tribo-

logical system as little as possible, or even not cause tempo-

rary changes in its environment, disrupting the functioning 

of the system. 

For the evaluation of the durability of the PRC assem-

bly, methods used so far require research till the object 

reaches its boundary state (methods a’posteriori), or require 

intervention in the tribological system so as to determine 

object’s regular service time, e.g. micro measurements, 

method of artificial bases, isotopic methods. A new method 

described below eliminates these disadvantages. 

For the durability evaluation of cylinder liners infor-

mation gathered from engine oil is used. Engine oil has 

important function forming with the engine a tribological 

system [7]. Changes in physical and chemical properties of 

oil result from the influence of the system and are strictly 

related to its technical condition, i.e. wear of cylinder liners. 

The levels of specific physical and chemical properties 

of engine oil affect the quality and range of functions per-

formed by the oil and, as such, they are a prerequisite for its 

suitability for a particular type of engine. Among the pa-

rameters and physicochemical quantity levels outlined in 

subject standards and literature, the preference is given to 

the kinematic viscosity and dynamic viscosity (some of the 

basic properties of fluids). Kinematic viscosity is always 

stipulated in the quality requirements relating to lubricating 

oils. It can increase or decrease during operation. An increase 

in viscosity is generally connected with progressive oxidation 

processes at elevated temperature, and a decrease with the 

shear of oil. The assessment of oil viscosity allows the user to 

estimate the time between oil changes [2, 11–13]. 

Currently, it is possible to observe the phenomenon of 

extending the service life of the oil in the engine. This ap-

plies to both mileage and calendar time. This significantly 

reduces environmental pollution with used petroleum prod-

ucts, but the most important aspect should be to ensure the 

correct operation of the lubricated kinematic nodes in terms 

of the properties of the lubricant in the tribological system. 

You can meet with research carried out in this area. 

According to the current state of knowledge, the quality 

of engine oil can be determined through a series of tests, 

which include laboratory evaluation of the physicochemical 

properties, as well as through assessing its particular prop-

erties which, however, entails lengthy and costly operation-

al research. Knowledge and understanding of the character-

istics of motor oils and developing effective methods of 

analysis enables the creation of systems of quality monitor-

ing which may be conducted within the life cycle of the 

engine [13].  

A number of studies have been conducted to scientifi-

cally measure the quality of engine oils. Inayatullah et al. 

[3] used the technique of acoustic emission to analyze en-

gine oil viscosity. Karpovich et al. [4] attempted to develop 

a universal instrument to measure and control the quality of 

motor oils. Their evaluation of the quality and condition of 

engine oil was centered around viscosity as a key perfor-

mance indicator. Agoston et al. [1], on the other hand, have 

focused in their research on thermal aging of engine oils. 

They have shown that oil evaporation and oil burning have 

the most significant impact on the process of aging, thus 

leading to the loss of its key properties, which inevitably 

affects the overall performance of the engine oil [13]. 

The method of durability evaluation of engine cylinders 

presented here, in general assumption is designed for the 

use by a wide group of users who do not have sufficient 

technical and diagnostic resources. Therefore oil exchange 

service can be used to gather information about: 

– parameters of new oil, 

– parameters of used oil, 

– oil operation time in an engine. 

On the basis of above data it is possible to determine 

value of index of change intensity of oil properties CW (1): 

 CW =
Wp−Wk

tol
     for t  0 (1) 

where: Wp – value of the measured index of oiltechnical 

condition for the new oil, Wk – value of the measured index 

of oil technical condition for the used oil (at exchange), tol – 

oil operation time in the engine (till exchange), CW – index 

of change intensity of oil properties. 
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This index brings averaged information about intensity 

of engine impact on the oil. It does not take into account 

periodic changes in the value of measured oil parameter, 

and reflects long term tendency in observed changes. Peri-

odic changes of measured index can result from, among 

others, the fact of topping up oil as a effect of oil loss 

(leaks, combustion). Detailed analysis of index changes in 

such case would lead to erratic evaluation of diagnostic 

information. Long term observation of index of change 

intensity of oil properties and observed its changes allow to 

conclude, that the reason of these variations are wear pro-

cesses occurring in the engine. Graphic interpretation of 

described phenomena is shown on Fig. 3. 

 

Fig. 3. Graphic interpretation of changes in the index of change intensity 

of oil properties: Wp – preliminary index value, Wk1, Wk2,..., Wkn – end 

value of index of oil technical condition at the moment 1, 2,..., n of oil 

change, t1, t2,..., tn – moments of oil change in the engine, CW – index of  

 change intensity of oil properties 

 

Curves 1, 2, 3, ..., n represent changes of observed index 

of oil technical condition Wol in the time between oil 

changes t1, t2, t3,..., tn. Detailed analysis of momentary in-

dex values for the time points t11, t12, t21, t22,..., tn1 and cal-

culated on this basis momentary values of index of change 

intensity of oil properties CWch do not carry any important 

diagnostic information in the sense of technical condition – 

engine wear. They result from the influence of momentary 

or short term inputs acting on the engine (increase of load, 

technical service) or directly on the engine oil (topping up 

new oil, outside impurities resulting from filter damage). 

However analysis of changes in the longer research period 

(between oil changes) permits to observe long term tenden-

cy of changes – curve I. Fig. 3 shows also marked position 

of index boundary value. It is a intersection of curve I with 

the value corresponding to the lower permissible value of 

index of change intensity of oil properties CW. In this case, 

it is related to the reaching of the upper permissible value of 

observed index of oil condition W – value resulting from 

accepted criteria of boundary state. In situation, when value 

of the observed index of oil condition decreases (Wk1, 

Wk2,..., Wkn < Wp), reaching boundary state will result from 

crossing upper boundary value of index CW, related to low-

er permissible value of the index of oil condition W. 

Fig. 3 shows hypothetical realization (changes of values 

of oil properties index) related to the single object (engine) 

under operation. In reality, for every individual object from 

the investigated sample from the population obtained re-

sults are scattered. Therefore the dependence describing 

variability of the index of change intensity of oil properties 

can be only of stochastic value – correlative. 

The dispersion area is limited by regression curves 

CWi max and CWi min corresponding to the upper and lower 

border of confidence interval. Specific values depend from 

the arbitrary assumption of confidence interval (for tech-

nical purposes 0.9; 0.95; 0.99) – Fig. 4. 

 

Fig. 4. Graphic interpretation of changes in the index of change intensity 

of oil properties for the population of objects: Wp – preliminary index 

value, Wk1, Wk2,..., Wkn – end value of index of oil technical condition at 
the moment 1, 2,..., n of oil change, t1, t2,..., tn – moments of oil change in  

 the engine, CW – index of change intensity of oil properties 

 

Changes in engine oil presented on Figs. 3 and 4 take 

place parallel to the wear of cylinder liners of the engine. 

Mathematical description of this phenomena is created by 

three curves reflecting expected value of changes z̅ (calcu-

lated on the basis of operational research), upper border of 

realization of the stochastic wear zg and lower border of the 

wear course zd. These three equations all together create 

statistic model of wear process of cylinder liners (Fig. 5). 

 

Fig. 5. Graphic interpretation of mathematical model of wear process of 

the cylinder liners 
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Such description of wear process permits – for any time 

moment t – to determine width of confidence interval on 

the confidence level β, where real realizations of the sto-

chastic process are located. Choice of confidence interval is 

a matter of decision. Boundaries of the confidence interval 

for the results related to the time of observation t1 can be 

written as follows: 

 z1
g

= z1̅ + qβ ∙ σ1   (2a) 

  z1
d = z1̅ − qβ ∙ σ1   (2b) 

where: qβ – proportionality coefficient. 

Value of the coefficient qβ should be determined (in re-

lation to the batch size of the results set) according to the 

rules of building the range estimators. 

Making use of engine oil as a source of information for 

forecasting engine durability is possible only when it can be 

proved, that the kinetics of changes of chosen physical and 

chemical properties of the oil reflects wear changes taking 

place in the analyzed PRC assembly. Confirmation of such 

correlation can be done on the basis of comparable values 

of estimated durability of the cylinder liner with the use of 

“wear” as well as “oil” method. Operational research 

should be done, so as to determine course of curves I 

(Fig.4) and z̅ (Fig. 5). 

3. Results of experiments 
The proposed test method was verified on the basis of 

the results of measurements of the wear of cylinder liners of 

engines performed as part of supervised operation tests. The 

subject of the research was five compression-ignition en-

gines with direct fuel injection, in-line cylinder arrange-

ment, installed in medium-duty trucks. The amount of wear 

of individual cylinder liners was recorded for the mileage of 

0–250 thousand km in intervals of approx. 50 thousand km. 

Technical maintenance was done according to the manufac-

turer’s instructions. 

So as to determine course of the curve z̅ in used en-

gines, periodically micro-measurements of cylinder liners 

was done, according to the standard recommendation of the 

branch norm [9]. Additionally during obligatory technical 

inspections united with oil change service, oil samples were 

taken from the engine and put under physical and chemical 

analysis. Basic physical, chemical and functional indexes of 

the used oil were determined. 

On the basis of gathered information it was possible to 

obtain equations for the expected value and for the lower 

and upper boundaries of the wear process realization. Full 

mathematical description of the wear process of the cylin-

der liners for the period of operation t > td (td – running-

in) is shown by the set of equations (3): 

 z̅ = (0.000132) ∙ t + 43.961 [µm] (3a) 

zd = min{0.000105 ∙ t + 43.961|0.000132 ⋅ t + 38.466} 

  [µm] (3b) 

zg = max{0.000159 ∙ t + 43.961|0.000132 ⋅ t + 49.456} 

  [µm] (3c) 

where: t – engine operation time (mileage) [km]. 

Similar analysis was made in case of research results 

obtained for the used oil. It was concluded – on the basis of 

theoretical analysis and statistical analysis of research re-

sults, that the best index for the evaluation of changes in oil 

properties is kinematic viscosity at the temperature of 

100℃ and corresponding index of change intensity of kin-

ematic viscosity at 100℃–Cv100 (equation (1)). Course of 

Cv100 changes in a function of operation time is given by 

the dependence (4): 

 Cv100 = (3.277) − (2.142) ∙ t(0.033) [
mm2

s∙km
] (4) 

where: t – engine operation time (mileage) [km]. 

Using equations (3) and (4) durability of PRC assembly 

for the engine under test was determined. In case of tech-

nical criterion, durability of the system results from reach-

ing permissible value of cylinder liner wear. This value was 

accepted on the basis of work [11]. In case of “oil” criteri-

on, boundary values of kinematic viscosity v100 were ac-

cepted using the norm BN-77/0535-46 [10]. Then boundary 

value of Cv100gr index was calculated, which was later used 

for the determination of cylinder liners durability on the 

basis of oil criterion. Results of calculations are presented 

in Table 1. 

 
Table 1. Comparison of forecasts of cylinder liners durability of the 359M 

engines 

Data 

source 

Type of 

criterion 

Limit state parameter 
Durability 

103 [km] 

Parameter de-
scription 

Limit 
value 

Tmin Tśr Tmax 

own technical 

cylinder liner wear 

z̅ at depths 20, 35, 
50, 95 [mm] in the 

plane A–A and  
B–B 

126 

[m] 
516.0 621.5 781.3 

own oil 

index of intensity 
of changes in 

kinematic viscosi-
ty of engine oil in 

temperature 

100oCCv100 

–0.066 

[
mm2

s ∙ km
] 

– 630.2 – 

4. Conclusions 
Presented oil criterion takes into account possibilities of 

correct evaluation of mating of components in the PRC 

assembly with regard to the type of friction. One of condi-

tions of fluid friction is, for instance, existence of appropri-

ate crevice between mating components in relation to the 

viscosity of used lubricant. Increase of clearance between 

components of PRC assembly intensifies degradation pro-

cesses taking place in engine oil, and thus, faster change of 

its viscosity. Proposed method of forecasting tribological 

durability using results of current (in kinetic sense) assess-

ment of oil properties, gives results regarding average dura-

bility which are comparable with results determined accord-

ing to the forecasting method related to the technical crite-

rion. Values of forecasted durability average 621.5⋅10
3
 km 

using technical criterion and 630.2⋅10
3
 km for the oil crite-

rion. So, basing on the information describing technical 

condition of the used lubricant it is possible, with no need 

of interference in the monitored PRC assembly, to deter-
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mine durability of the cylinder liners (on the accepted con-

fidence level). Moreover simple measurement methods 

away from the investigated object are used, and with no 

need of taking the engine out of service. 

 

Nomenclature 

PRC piston-rings-cylinder SG borderline state 
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