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1. Introduction

The lubricating oil, which is indispensable for the proper func-
tioning of the engine, is subject to aging and it can be used as long 
as it fulfills its task properly by retaining specific physicochemical 
properties. The levels of specific physical and chemical properties of 
engine oil affect the quality and range of functions performed by the 
oil and, as such, they are a prerequisite for its suitability for a par-
ticular type of engine. Among the parameters and physicochemical 
quantity levels outlined in subject standards and literature, the prefer-
ence is given to the kinematic viscosity and dynamic viscosity (some 
of the basic properties of fluids) [2, 4, 6, 10, 11]. Kinematic viscosity 
is always stipulated in the quality requirements relating to lubricat-
ing 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 as-
sessment of oil viscosity allows the user to estimate the time between 
oil changes.

According to the current state of knowledge, the quality of engine 
oil can be determined through a series of tests, which include labora-
tory evaluation of the physicochemical properties, as well as through 
assessing its particular properties which, however, entails lengthy and 
costly operational research [1, 3, 8, 13, 15, 16, 18]. Knowledge and un-

derstanding of the characteristics 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.

A number of studies have been conducted to scientifically measure 
the quality of engine oils. Inayatullah et al. [5] used the technique of 
acoustic emission to analyze engine oil viscosity. Karpovich et al. [7] 
attempted to develop a universal instrument to measure and control 
the quality of motor oils. Their evaluation of the quality and condi-
tion of engine oil was centered around viscosity as a key performance 
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.  Wang 
[14] used the road tests in the assessment of engine oils. Special sen-
sors have been installed in three vehicles and tested during the drive. 
The results of the study point out three stages of engine oil degrada-
tion: 1. Good condition 2. A rapid increase in acid number 3. A rapid 
increase in viscosity.

Bassbasi et al. [3] proposed infrared spectroscopy to monitor and 
control as well as enable high-speed inspection of motor oils. Simi-
larly, Wolak and Janocha [16] focused on the assessment of changes 
in physicochemical properties of engine oils, using the method of in-
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frared spectroscopy with the Fourier 
transform. Moreover, they compared 
the results of the traditional standard-
ized method with the results obtained 
using modern equipment - FluidScan. 
Youngk [17] focused in his research 
on the impact of oil on the quality, 
longevity and reliability of the en-
gine. The analysis was conducted 
based on a review of oils, engines 
and technologies, and a survey study 
of vehicle users. The results of these 
in-depth studies indicate a significant 
influence of oil change intervals on 
quality and reliability of the engine.

The aim of the present study was 
to examine the direction and intensity 
of changes in kinematic viscosity of 
engine oils under similar operating 
conditions. The obtained results have 
led to the development of a statistical 
model describing these relationships. 

2. Materials and methods

The experimental material con-
sisted of five engine oils offered by 
different manufacturers, but belonging 
to the same SAE class of viscosity. The 
oils were coded as CE, MS, ME, PS, 
PE; detailed specifications of which 
are presented in Table 1. All engine 
oils were operated in passenger cars 
of a uniform fleet of 25 vehicles. The 
cars were equipped with petrol engines 
with the displacement of 1,332 cm3. 

The vehicles in the research were 
divided into two groups. The first 
group of 23 vehicles was operated in 
conditions that can be described as “severe”, i.e. frequent starting of 
the engine, driving a short distance, extended engine idling. The sec-
ond group consisting of 2 vehicles (PS018193 and CE017977) was 
operated in typical urban driving and mixed conditions. Graphical 
illustrations of the results including both groups of engine oils are 
presented below. However, the second group of vehicles has been left 
out in statistical analyzes due to their not meeting the prerequisite of 

being operated under similar conditions. Both groups of vehicles were 
fueled up by petrol coming from the same source. Each of the oils was 
applied randomly to five cars.

Oil sampling is of particular importance in such studies because 
the samples must be representative. This can be achieved, not only by 
ensuring appropriate and regular sampling procedure, but also by set-
ting a proper sampling frequency. Due to the problems with regular 
collection of the samples after a certain number of kilometers traveled, 

a specific period of time was 
selected at which the sampling 
would be performed. All sam-
ples were collected and exam-
ined on a quarterly basis, start-
ing with fresh oil and then after 
3, 6, 9 and 12 months. At 3 and 
6 months as many as 25 oil sam-
ples were taken, whereas at 9 
and 12 months – 23 (due to the 
decommissioning of the two ve-
hicles). In total, after 12 months, 
96 samples were collected. 

The kinematic viscosity was 
measured at 40°C and 100°C in 
all samples, including fresh oil, 
and it was determined in ac-
cordance with the EN ISO 3104 
using the Ubbelohde capillary 

Table 1.	 Quality and viscosity classifications selected for engine oil testing.

Oil 
Code

SAE 
Classification

ACEA 
Classification

API 
Classification

OEM 
Specifications

CE 5w-30 A3, C3 SH VW 504 00; BMW Longlife-04; MB-Approval; 229.31/ 
229.51; Porsche C30

ME 5w-30 C2/C3 SM/SN

BMW: Longlife 04; MB-Approval: 229.31/229.51; 
Chrysler: MS-11106; Porsche: C30; Chrysler: MS-

11106; Peugeot/Citroën Automobiles: B71 2290, B71 
2297; AvtoVAZ: Group “Luxe”; AAE: Standard STO 

003-05, Group B6

MS 5w-30 C3 SM/SL

General Motors Service Fill dexos2TM (license 
number GB1A0914015); BMW Longlife 04;  MB-

Approval 229.31/229.51; Volkswagen (petrol) 502 00 
/ 505 00

PE 5w-30 C2 - JASO - DL-1

PS 5w-30 A3 SM VW 504.00-507.00
Source: Own elaboration

Table 2.  The number of kilometers traveled 

Sample 
Code

Mileage – start 
phase  [km]

Mileage after 3 
months   [km]

Mileage after 6 
months  [km]

 Mileage after 9 
months  [km]

 Mileage after 12 
months  [km]

CE 17760 12858 4401 7931 11358 13220

CE 17943 14571 4215 7996 11450 13907

CE 17977 6033 2973 5640 8796 9975

CE 17988 14804 874 4350 - -

CE 18716 9477 3080 6360 10009 12169

ME 17764 15484 3752 8593 11620 14501

ME 17810 7840 3350 5183 7702 8749

ME 17973 8015 2811 5513 7579 9029

ME 18345 9753 3176 5922 8196 9234

ME 18760 15307 4654 8641 12018 14573

MS 18011 13486 2205 5199 7265 9005

MS 18128 14571 1808 5218 8773 10803

MS 18361 14988 3790 7654 12331 14166

MS 18793 6223 818 1120 3240 6100

MS 18817 14666 3832 8037 11439 13877

PE 17939 12370 4180 8806 11990 13066

PE 18024 11694 3758 5881 10203 11748

PE 18207 12209 3836 7311 10663 13223

PE 18591 15409 4738 8697 13073 15188

PE18689 13290 3944 8749 13974 15531

PS 18149 13556 4269 8317 12412 14384

PS 18193 14457 5240 10619 14732 18211

PS 18597 15361 3544 8022 - -

PS 18784 11948 3177 7249 10907 12317

PS 18799 14154 4083 8035 11792 13523
Source: Own elaboration
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viscometer (the size 2C; range 60-300 mm2·s-1 - temp. 40°C, 
and the size 1B; range 10-50 mm2·s-1- temp. 100°C). The lab 
workstation used to measure the kinematic viscosity at 40°C and 
100°C is presented in Fig. 1.

All measurements were repeated three times and the results 
were statistically analyzed using the Statistica 10 software. Ini-
tially, the data was fitted to the linear regression model, estimated 
using the maximum likelihood method within the scope of so-
called general least squares method. The use of that method made 
it possible to include in the process of estimation theoretically rea-
sonable assumptions about the correlation of the next consecutive 
time measurements of the oil coming from the same vehicle.

It was assumed that the random component in the regres-
sion model is subject to continuous process of the first-order 
auto-regression. However, in the course of further studies, the 
results of the sensitivity analysis demonstrated that the use of 
the above-mentioned apparatus of advanced statistical analysis 
changed the outcome only minimally compared to the classical 
model of the normal linear regression. As a result, in order to 
simplify the presentation and to facilitate the interpretation of 
results, linear regression models were estimated using the clas-
sical least squares method.

Fig. 1.	 The workstation used to measure the kinematic viscosity; Depart-
ment of Performance Testing, Oil and Gas Institute in Kraków	  
Source: Own elaboration

Fig. 2. Changes in kinematic viscosity of engine oils tested at 40°C. Source: Own elaboration

Fig. 3. Changes in kinematic viscosity of engine oils tested at 100°C. Source: Own elaboration
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3. Results and discussion

The test results for the kinematic viscosity in the analyzed periods 
are shown graphically in Figure 2 and 3. All test oils corresponded 
with viscosity grade 5W-30, at which, according to the classification 
SAE J300-2013, kinematic viscosity at 100°C should be in the range 
of 9.3-12.5 mm2·s-1. Although all oils have met the requirements, it is 
clear that the oil sample PE was characterized by the lowest values of 
kinematic viscosity. 

The analysis of changes in kinematic viscosity of motor oils dur-
ing operation gives rise to the conclusion that the kinematic viscosity 
of oil samples CE, MS and PE at 40 and 100°C showed an upward 
trend, which is a clear indication of the intensity of oxidation proc-
esses. In the case of oil samples ME and PS, the reverse trend was ob-
served, i.e. the kinematic viscosity decreased from its baseline level. 

The decrease in viscosity of engine oil in the initial operation phase 
under the shear of viscosity modifier was not compensated by the in-
crease in viscosity resulting from the compaction of oil degradation 
products. The situation has changed diametrically between 10,000-
15,000 km, when the degradation process dramatically accelerated, 
thus setting the maximums for all tested oils.

It should also be noted that the oil sample PE which was charac-
terized by the lowest value of the kinematic viscosity, at the mileage 
level of 15,000 km, eventually reached the figures corresponding with 
the initial ones for the remaining oils analyzed. Thus, the oil sample 
PE after a year of operation has a kinematic viscosity similar, or equal, 
to the fresh oil samples CE and MS.

Of the 23 analyzed oils, from the third to the fourth quarter, the 
highest percentage increase in viscosity at 40°C was recorded for the 
following oil samples: PE 018207 by 20% (from 62.6 to 75.1 mm2·s-1), 
MS 018128 14% (from 76.5 to 87.1), MS 018361 by 13% (from 78.8 
to 89.3), PS 018 784 13% (from 79.5 to 89.7) and ME 017764 12% 
(from 76.8 to 85.8). And an increase in viscosity at 100°C for oil sam-
ples: ME 017764 14% (from 11.8 to 13.4), PS 018 149 13% (from 
11.6 to 13.1) and ME 018 760 12% (from 11.9 to 13.3).

The second group of samples i.e. PS 018193 and CE 017977 should 
be analyzed separately in the future. Clearly, a change in operating con-

ditions influenced the changes in viscosity. The viscosity figures in the 
second group of samples were lower by about 10% throughout the en-
tire test period in relation to oils used in the first group of samples.

After analyzing the changes in viscosity at 40°C, it can be con-
cluded that a relatively narrow range of variation was retained by the 
oil samples CE. In this group, in all four cases, the kinematic viscosity 
was maintained within the range of 66.4 to 80.8 mm2 /s. In contrast, 
for the kinematic viscosity at 100°C the narrowest range of variation 
was retained by the oil sample PE (from 9.8 to 11.2 mm2·s-1).

Moreover, it is worth noting that the curves of changes in viscos-
ity are of similar shape in three cases: oil sample MS, PS and ME. 
The kinematic viscosity at 40°C in these groups after about 14,000 
km traveled in relation to the kinematic viscosity of fresh oil has in-
creased by 23%, 17% and 15% respectively.

The results of the viscosity at 100°C give rise to the conclusion 
that the kinematic viscosity of oil samples CE, ME, MS and PS, after 
about 12,000 km traveled rises to levels corresponding to the class of 
viscosity 5W-40. Only oils designated as PE remain in the viscosity 
grade 5W-30 during entire life-cycle.

Table 3 presents the descriptive characteristics of the tested en-
gine oils in different periods of measurement. The limit value level 
of significance was set at 0.05. Below this value, the results obtained 
were evaluated as statistically significant (values are distinguished in 
bold). The p-values of less than 0.01 were considered highly signifi-
cant (values are distinguished in bold and underlined).

Analyzing the individual variables, as in Table 3, it was found that 
after the first three months of operation the greatest number of sta-
tistically significant differences between the mean values was found 
in the pairs of oils with the oil sample PE. It showed lower average 
viscosity value compared with other oils. The analysis of the variable 
– mileage – did not show any statistically significant differences.

After three periods of measurement, a continuation of previously 
discussed trend was visible, i.e. the greatest number of statistically 
significant differences between the mean values was found in the 
pairs of oils with the oil sample PE. After six months of operation, the 
most homogeneous in terms of the analyzed variables were oil sample 
pairs CE - ME and MS - ME.

Table 4.	 The mean values, standard deviations and p* values for kinematic viscosity 40 ºC and 100 ºC.

Oil group

[quarter 1] [quarter 2]   [quarter 2] [quarter 3]   [quarter 3] [quarter 4]  

N=5 N=4   N=4 N=3   N=3 N=3  

 x̅ (s) p  x̅ (s) p  x̅ (s) p

CE
Viscosity at  40 ºC 71.7 (3.63) 73.6 (2.26) 0.647 73.6 (2.26) 79.1 (0.61) 0.050 79.1 (0.61) 79.8 (0.94) 0.106

Viscosity at 100 ºC 12.1 (0.41) 12.1 (0.17) 0.331 12.1 (0.17) 12.5 (0.06) 0.123 12.5 (0.06) 12.8 (0.28) 0.255

PS
Viscosity at  40 ºC 71.9 (1.57) 73.4 (2.66) 0.115 73.4 (2.66) 81.0 (1.50) 0.028 81.0 (1.50) 86.9 (2.64) 0.111

Viscosity at 100 ºC 11.7 (0.23) 11.7 (0.33) 0.725 11.7 (0.33)  12.4 (0.19) 0.029 12.4 (0.19) 13.0 (0.37) 0.054

N=6 N=5   N=5 N=5   N=5 N=5  

 x̅ (s) p  x̅ (s) p  x̅ (s) p

ME
Viscosity at 40 ºC 70.6 (2.17) 71.2 (3.75) 0.300 71.2 (3.75) 74.9 (3.24) 0.014 74.9 (3.24) 79.4 (5.36) 0.022

Viscosity at 100 ºC 11.7 (0.28) 11.7 (0.40) 0.657 11.7 (0.40) 12.1 (0.41) 0.019 12.1 (0.41) 12.6 (0.64) 0.018

MS
Viscosity at 40 ºC 70.9 (2.52) 72.2 (3.00) 0.294 72.2 (3.00) 75.2 (4.38) 0.071 75.2 (4.38) 81.1 (7.79) 0.038

Viscosity at 40 ºC 11.9 (0.24) 11.8 (0.28) 0.531 11.8 (0.28) 12.1 (0.37) 0.117 12.1 (0.37) 12.4 (0.43) 0.008

PE
Viscosity at 40 ºC 56.9 (1.80) 59.7 (1.09) 0.009 59.7 (1.09) 63.2 (1.92) 0.011 63.2 (1.92) 67.8 (4.64) 0.080

Viscosity at 100 ºC 10.1 (0.18) 10.3 (0.10) 0.203 10.3 (0.10) 10.6 (0.22) 0.016 10.6 (0.22) 11.0 (0.27) 0.014

N - the number of samples tested,  x̅ - arithmetic average, s - standard deviation , p – p-value

*p-value resulting from the application of Student’s t test for independent samples 
 Source: Own elaboration
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After the third quarter, the analyzed variable - kinematic viscosity 
at 40°C and 100°C - showed that the statistical significance level lower 
than or equal to 0.001, makes the previously described comparisons 
(pairs of oils containing oil sample PE) highly significant. In terms of 
the variable – mileage - it was noted that statistically significant differ-
ences between the mean values were found in the pairs of oils with the 
oil sample ME (except for ME – MS). This is due to the fact that the 
group of oil samples ME had the lowest average mileage in the third pe-
riod of the test – 2,653 km. This result is perhaps statistically significant 
but essentially irrelevant. The standard deviation of mileage for ME oils 
in the study is on a low level (about 541 km) – which indicates a highly 
uniform mileages of vehicles equipped with these oils.

After the last measurement period, no statistically significant dif-
ferences between the arithmetic means have been observed. After 
analyzing all four measurement periods, it can be noted that in some 
of them the comparisons almost reached statistical significance, sug-
gesting the potential existence of differences. Such observation may 
be of interest in terms of possible future studies.

When analyzing the contents of Table 4, it can be concluded that 
some of the differences in the consecutive measuring periods were 
statistically significant, e.g. the kinematic viscosity measured at 40°C 

and 100°C in the group of oil samples ME showed statistically signifi-
cant differences between the second and third period, and between the 
third and the fourth, which may potentially indicate the acceleration 
of the upward trend for the average values of this parameter.

In the case of the oil samples PS, the kinematic viscosity showed 
a statistically significant difference only between the second and the 
third period, which may potentially indicate a sinusoidal curve form of 

Table 5.	 The results of the estimation of linear regression model for kine-
matic viscosity (100°C).

A B p Se

CE

11.846 0.067 0.001 0.247

ME

11.162 0.115 0.000 0.361

MS

11.602 0.070 0.000 0.224

PE

9.776 0.079 0.000 0.161

PS

11.233 0.105 0.001 0.394
Source: Own elaboration

Fig. 4.	 Empirical data and single point predictions of mileage in the 
range (0-16) thousand kilometers (kinematic viscosity at 100°C) 
P –single point predictive; Pd – lower limit of the 95% prediction in-
terval; Pg - upper limit of the 95% prediction interval; G – the limit 
value
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the average values for this parameter. In the case of kinematic viscosity 
of oil samples CE, both at 40°C and 100°C, no significant differences 
were observed for any of the studied consecutive periods. It should be 
noted, however, that in the case of kinematic viscosity at 40°C, compar-
ing the second period with the third, the differences in the mean values 
were very close to reaching the statistical significance (p = 0.05).

4.  Modeling changes in the parameter values of engine 
oils

In the first step of modeling the changes in kinematic viscosity 
at 100°C the acceptable limit value was determined [9, 12], then on 
the basis of collected empirical material the visual assessment of the 
relationships between the mileage and the changes in the oil proper-
ties was performed for every oil type. It was assumed that the linear 
relationship was adequate.

Table 5 presents the results of estimations. It specifies the absolute 
term values (A), slope coefficients (B), contains probability test for 
the hypotheses proclaiming slope coefficients’ value equal to 0 (p), 
and the residual standard deviations (Se).

It can be observed that each of the ratings of the slope coeffi-
cients was significantly different from zero (all p <0.05). The slope 
coefficient indicates the expected (average) change in the parameter 
with the increase in the mileage of 1000 km. Thus, the positive slope 
coefficients indicate a positive relationship between the mileage and 
the average parameter values while negative slope coefficients in-
dicate a negative relationship between the mileage and the average 
parameter values. 

The estimated regression equation, with the form of 
Y = A + B * X, enables to calculate average predictive values for 
parameters (Y) and given mileage (X). The adequate values of A and 
B are shown in Table 5. The predictions will be less affected by error 
within the observed values of mileage, whereas the extrapolation or 
prediction making for much higher or lower mileage figures than 
investigated in this study may carry a higher risk of error, since the 
form of the relationship between the mileage and the test parameter 
outside the data is not necessarily of the same form and nature.

Figure 4 presents the collected empirical data and predictive val-
ues of mileage between 0-16 thousand kilometers (the blue line in 
the center). The predictive values, like any other values estimated on 
the basis of empirical data, carry a risk of error. In order to quantify 
the level of possible error, the curves defining the limits of 95% pre-
diction interval (curves Pd and Pg) are also included in the chart. The 
black dotted horizontal line stands for accepted limit values (line G). 
At the point of intersection of the line P with the line G the mile-
age value can be found at which the average parameter value would 
exceed the threshold value; this is a so called reversed prediction 
value. The mileage value read as the points of intersection of the line 
G with the curves Pd and Pg indicate the 95% confidence interval 
(also called calibration interval) for the mileage value, at which the 
threshold value is exceeded for a hypothetical individual measure-
ment of the tested parameter.

After analyzing the predictive values of mileage between 
0-16 thousand kilometers for the kinematic viscosity at 100°C pa-
rameter (Fig. 4), it was found that the critical value was first ex-
ceeded by the group of oil samples ME, followed by the CE and 
PS ex aequo. A distinctively low kinematic viscosity compared to 
other oils, continuing at the acceptable limits up to the mileage of 
40 000 km (extrapolation), was observed in the case of oils from 
the PE group. Noteworthy, are also very narrow prediction ranges 
for oils in this group. 

5. Final conclusions

This study focuses primarily on the description of changes in kine-
matic viscosity of engine oils during operation. The results of research 
conducted on a fleet of vehicles under actual working conditions may 
facilitate decision-making regarding the service life of engine oils and 
the intervals between oil changes. The main conclusions of this study 
are as follows:

Three of the five types of oils i.e. CE, MS and PE have shown, 
since the beginning of the test, an increase in kinematic viscosity at 
40 and 100°C as compared to the baseline levels, which may indicate 
oxidation processes occurring in oils.

The curves of changes in these oils are of similar shape, and the 
kinematic viscosity in these groups after 12 months, relative to the 
kinematic viscosity of fresh oil, increased by 20%, 16%, 27% (temp. 
40°C) and 11%, 5%, 12 % (temp. 100°C), respectively. In the case of 
two oils – ME and PS – an initial decrease in viscosity from baseline 
level up to the mileage of about 10 thousand km was observed, then 
the viscosity started to increase. This can be explained by the shear 
of viscosity additives in the initial period of operation. The curves of 
viscosity changes for these oils have similar shape and the change in 
viscosity, as compared to the fresh oil, was as follows: 8% and 14% 
(temp. 40°C), 4% and 8% (temp. 100°C), respectively. It must be, 
therefore, concluded that the change in viscosity will strongly depend 
on the formulation of oil by the manufacturer. A proper selection of oil 
formulation for fleet vehicles operated in similar conditions will have 
an impact on the degradation of oil.

Statistical analysis assisted in confirming the significance of 
changes in viscosity between oil type PE and other oils. In contrast, 
only some of the differences in the consecutive measuring periods 
proved to be statistically significant.

The obtained results have led to the development of a statistical 
model using basic mathematical model - a linear function. The result-
ing model, based on the change in kinematic viscosity of in-service 
engine oils at 100°C can be used to predict the behavior of the engine 
oil during operation.

It should be noted, however, that in order to obtain the full pic-
ture of the changes taking place in the oil, it is advisable to interpret 
the kinematic viscosity figures together with the dynamic viscos-
ity (HTHS) ones, as well as with the degree of oxidation and acid 

Fig. 4.	 (continued) Empirical data and single point predictions of mileage in 
the range (0-16) thousand kilometers (kinematic viscosity at 100°C) 
P –single point predictive; Pd – lower limit of the 95% prediction inter-
val; Pg - upper limit of the 95% prediction interval; G – the limit value 
Source: Own elaboration
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number. These properties can affect the reliability of the engine, and 
therefore it is important to continue to investigate the processes of 
degradation of engine oils.
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