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The article presents the results of tests, replaced according to the vehicle manufacturer's recommendations, of
engine oils. The sample of engine oils in service came from spark-ignition and compression-ignition vehicles
used in urban or mixed mode. During their collection, the type of drive unit, the mileage of the car and the
number of kilometers the oil was used for were recorded for each sample (this was the main criterion for
differentiating samples). In addition, a control group of samples consisting of fresh oils of the same viscosity
grade and distributed by the same producer was set up to observe changes in the parameters of individual
lubricants after the operating period. The first part of the empirical study consisted of determining the physico-
chemical properties of the lubricants, i.e.: kinematic viscosity, density and water content. The second part
involved anti-wear tests using a T-02U tribometer. The use of the tribometer made it possible to record the anti-
wear parameter, i.e. moment of friction, and also the load imposed on the friction node, as a result of which it
was possible to calculate the friction force and friction coefficient. The research was complemented by an
analysis of worn surfaces of the friction node on a microscope. The tests carried out can be used for predictive
purposes, in terms of assessing the condition of a lubricant subjected to an operating process in an internal
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1. Introduction

It is estimated that approximately 23% of total energy
consumption worldwide is related to friction. The negative
effects can be reduced by using lubricants. The use of such
measures, among others, can reduce the aforementioned
energy consumption by 40% in the long term and by 18%
in the short term [10]. In addition to its primary function —
lubrication — engine oil also has the task of dissipating heat,
among other things. Protection in the broadest sense also
includes preventing corrosion and cleaning the interior of
the engine from wear products by accumulating wear prod-
ucts and transferring them to the filter [17].

As the lubricant is used, its parameters change [24],
which is associated with a loss of protective properties.
This is influenced by the thermal oxidation process [23],
which determines the darkening of the fluid and an increase
in its viscosity. The products of this process contribute to
the formation of viscous fractions, which can cause block-
ages in filter cartridges. Too low viscosity, on the other
hand, can be caused by the penetration of fuel or coolant
into the oil [16]. The properties of the lubricating oil are
also affected by aspects such as the presence of worn parti-
cles of drive unit components, soot or exhaust gas [20].
Observing the dynamics of changes in the physico-chemical
properties of engine oils can provide information about
possible damage to the unit.

Because of the variable nature of lubricant viscosity
during the exploitation process, researchers often refer to it.
The article [13] focused on the study of viscosity changes
depending on the mileage of the vehicle sampled. The ex-
periment was conducted on oils from compression-ignition
(CI) and spark-ignition (SI) engines. The analysis of the
results showed that, based on this parameter for the group
of oils from CI engines, it is possible to estimate the ap-
proximate mileage at which an oil change is necessary. An

attempt to capture the correlation between lubricant viscosi-
ty and wear resistance of sliding nodes was made in his
work by Ryniewicz [19]. He performed viscosity tests over
a wide temperature range for engine oils differing in viscos-
ity class and manufacturer. The results show that despite
the same oil designation according to SAE classification,
viscosity characteristics differ between samples from dif-
ferent manufacturers. These differences are particularly
apparent in the non-catalog range for measurements at 40
and 100°C. Another paper focusing on viscosity is that of
Ghannam [9]. In this case, used and fresh oil samples were
juxtaposed. This approach allowed a conclusion to be
drawn regarding the difference in viscosity characteristics
created due to the type of power unit. Viscosity is sensitive
to the lubricant's degree of wear and tear and the way it is
used, which provides a reasonable basis for using this value
as an indicator during research dedicated to engine oils.

The driving style of the driver influences the condition
of the engine oil. The lack of smoothness of the drive unit,
understood as city traffic, as well as often starting the en-
gine at low temperatures can result in the accumulation of
water in the engine. This results in an emulsion that is char-
acterized by a higher viscosity and therefore does not lubri-
cate the engine as effectively as fresh oil [14]. Another
adverse effect of water in the lubricant is the increased
danger of corrosion of system components [8]. In his work,
Jakubiec [14], based on processes occurring during opera-
tion, provides a set of methods useful in assessing the prop-
erties of engine oils. One of the proposed parameters is the
determination of water content in a sample following
ASTM D 95. An alternative is to use the Karl Fischer cou-
lometric titration method, which was used by Jedrychowska
in her work [15]. In a subsequent paper [22], a team of
researchers focused on the diagnostics of a drive unit based
on lubricant properties. One of the parameters determined
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was the water content, which after the test exceeded the
permissible limit, which the authors considered as a reason
for immediate lubricant replacement. The frequent use of
water content in engine oil as an indicator of irregularities
related to the operation of a drive unit, and as a parameter
conditioning the reduced suitability of a lubricant to protect
cooperating elements, motivates its use when analysing the
impact of the value of this parameter on the antiwear char-
acteristics of the system.

As the lubricant is used, the content of wear products
from the system also increases. Such contaminants contrib-
ute to an increase in the density of the substance [23]. As
presented in the article [24], increased density can be an
indicator of progressive oxidation of the sample. As studies
available in the literature [21] show, there is an apparent
correlation between lubricant density and lubricant viscosi-
ty. This translates directly into lubricant properties in terms
of friction as well as wear. This parameter can successively
be used to determine the relationship between the properties
of fresh and degraded oils. Such an approach was presented
in their work by Landowski and Baran [17]. One type of
engine oil (5W30) — fresh and used — was tested. The meth-
odology included a comparison of three parameters with
each other, which were density, viscosity and viscosity
index. Based on the results, the authors conclude that the
observed changes can be used as an indicator to determine
the condition of the drive unit.

In addition to focusing on the properties of the lubricant,
it is worth deepening the analysis by performing tests using
the kinematic node that the oil protects. Machines that ena-
ble such tests are tribometers. [18]. One of the most com-
monly used tribometers is the T02-U four-ball tribometer.
The work of Farhanah [7] was dedicated to testing engine
oils of the same SAE viscosity class (10W30) from three
different manufacturers. During the experiment, the tem-
perature (40, 70, 100°C) and speed were changed stepwise.
As the results show, despite the identical designation of the
lubricants, they exhibit different lubricating properties.
A different approach, a comparison of two groups of oils —
synthetic and mineral — is presented in the paper [21].In
addition to recording the basic physicochemical properties
of the engine oils, the authors examined them using a T02-
U tribometer. Through correlation analysis, it was proven

that the frictional properties of lubricants are influenced by
their viscosity. This conclusion is only possible if the anal-
ysis is extended to include wear testing. Another applica-
tion of the four-ball tester in the analysis of the properties
of petroleum products was the work of [11]. In this study,
the effect of carbon black, on the tribological properties of
engine lubricants was investigated. The result of the study
was one of the conclusions indicating engine oil as having
better antiwear properties than base oil.

The purpose of this study is to obtain data to develop an
assessment of the condition of a lubricant subjected to ser-
vice in a combustion engine. Most of the literature sources
are based on the analysis of the physico-chemical parame-
ters of fresh or used oils, or of the wear tests. Some of the
tests involve artificial contamination of samples with wear
products. In the present study, the focus will be on lubri-
cants subjected to operation under real conditions, i.e. in an
internal combustion engine. It is hoped that the juxtaposi-
tion of data from physico-chemical and tribological tests
will contribute to the knowledge of changes in the proper-
ties of lubricants that have been subjected to service. The
paper consists of four chapters. The first contains a litera-
ture review related to the issue under consideration. The
second describes the methodology of the research carried
out. Another, the third, is designed to present the results of
the empirical research. The last chapter contains a summary
and conclusions of the analysis.

2. Methodology

The experiments carried out are part of a planned com-
prehensive study of the effects of lubricant properties on the
system in which they operate and on the components they
protect from wear. Figure 1 shows in yellow the scope of
the work envisaged in the current section, the results of
which are described in the article, while grey shows further
experiments related to the extension of the analysis.

The empirical research consisted of two parts. The first
involves testing lubricants for their physico-chemical prop-
erties. This included measuring the viscosity, density and
water content of fresh and used oil samples. Carrying out
wear tests using a T02-U tribometer (four-ball machine)
formed the second part of the laboratory tests.

Testing of physicochemical
properties — viscosity,
water content, density

| Wear tests using a
four-ball machine

| Analysis of the
| data obtained

| Degradated engine oil '7

Fresh engine oil |7

mplementation
of empirical data
ntothe mode

Expected results

Development of a new technigue for
evaluating the degradation of a
kinematic pair under conditions of fluid
friction, taking into account the change
in the entropy, of the system under
consideration, the viscosity of the oil,
and the quantity of wear products.

Comparison of i
the data obtained )

Modelling of
processes occurring
during kinematic pair | tests

_| Performing tribotester |

.l Analysis of the
data obtained

operation

mplementation
of empirical data
ntothe model

Fig. 1. Scheme of planned research
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2.1. Research object

Table 1 shows eleven selected used oil samples, which
were assigned fresh oil samples characterised by the same
viscosity class and manufacturer (attention was also paid to
the additives contained in the oil). During the collection of
used oil samples, data related to the characteristics of the
drive unit and its mileage was extracted. In addition, to
simplify the determination of the samples, each sample was
marked with an individual laboratory number, which is
recorded in the first column of the table. The viscosity of
the prepared samples was determined using an automatic
mini AV-X viscometer. Measurements were carried out at
temperatures of 40°C — under EN 1SO 3104:2020 [5] — and
75°C. The higher measurement temperature provided
a reference point for tribological tests, which were per-
formed at the same temperature.

For the determination of the water content of the sam-
ples, the testing methodology was based on EN ISO
12937:2000 [3]. The Cou-Lo Aquamax KF apparatus was
used for the tests. Samples for the test were fed at 1 cm®.

The density of the samples was determined using a stand-
ardised areometer with a range of 0.8-1.0 g'ml™. The tests
were carried out taking into account the lubricant density test
temperature given in EN 1SO 3675:1998 [6]. Analogous to
the viscosity measurement, due to tribological testing, the
second density determination test was carried out at 75°C.

The tribological process test was performed following
EN 1SO 20623:2018 [4]. Another document that specifies
the test conditions is ASTM D 4172-94 (Method B) [1].
The test time was 3600 s. The spindle speed was 1200 rpm,
the node was loaded with a force of 392 N. The temperature
of the lubricant was 75°C. The balls from the kinematic node
were visually inspected and measured using a microscope
(HUVITZ HRM 300). According to the standard, the diame-
ter of the wear marks formed on the lower balls was meas-
ured for each test performed and the average wear diameter
was determined from these.

Following the empirical tests, an analysis of the data ob-
tained was carried out and the correlation between the phys-
icochemical and tribological properties of the tested engine
oils and their effect on the state of the kinematic junction
was determined.

3. Results

A mileage index was used to compile the data, which
takes into account both the Py vehicle mileage and the Pq
oil mileage. It was calculated from the equation:

— Po
W,=1- ™ (1)
where: Wp — mileage index [-], Po — oil mileage [km], Pp —
vehicle mileage [km].

This approach makes it possible to take into account
both performance variables that characterise the test group.
If the Wp value is close to zero, it can be concluded that the
sample came from a low mileage vehicle. As this indicator
increases and approaches a value equal to 1, it can be as-
sumed that the vehicle has a lower operating potential (the
operating parameters of the vehicle may be worse than
those of a new vehicle).

3.1. Results of physico-chemical tests

The data obtained from the physico-chemical tests were
ranked according to the adopted split concept concerning
the W5 index (table 2). The oil that had the lowest mileage
index is Ow30 distributed by the Volkswagen Group. The
sample was characterised by the fact that it was taken from
a new car and the oil change interval was within the manu-
facturer's recommended interval. By comparing the results
of this sample with fresh oil from the control group, it can
be seen that the viscosity and density parameters are simi-
lar. The fresh oil showed a 5% increase in viscosity, which
was 58.96 cSt at 40°C and 19.86 cSt at 75°C (a 3% in-
crease). For density, the values were 0.835 g'ml™* for 15°C
and 0.815 g'ml™* for 75°C.

The next in line sample is the 5w30 grade oil distributed
by Selenia. In this case, the viscosity of the used oil
dropped by 37.3% (viscosity measurement at 40°C) and for
75°C the viscosity decreased by 28.3%. When comparing
the density measurements of fresh and used oil, they in-
creased slightly. For the 15°C test, it was an increase of
1.2%, and for 75°C only an increase of 0.6%. The same
trend of decreasing or increasing density and viscosity was
shown by another lubricant with a viscosity grade of 5W40
(Total). The viscosity values in the used oil decreased by
23.6% (at the lower test temperature) and 20.2% (at the
higher test temperature). For density, there was an increase
of 1.7% and 1.2% for the 15°C and 75°C measurement
temperatures, respectively. Another sample showing the
same trend is oil with a viscosity grade of 5W30 (Shell).
The decrease in viscosity values in this case did not exceed
1% for both temperatures. In contrast, the density of the oil
in service increased by 1.8% for both temperatures.

Table 1. Data on operating conditions of used oil samples

Engine oil Vehicle
#sample Manufacturer Viscosity Oil mileage | Type of fuel to power | Engine capacity | Nominal motor | Car mileage at oil
number class SAE [km] the engine [dm?] power [KW] drain [km]
1 Fanfaro 5W30 12,650 Gasoline +LPG 14 63 362,211
2 Mobil 5W30 14,141 Gasoline 1.6 85 91,635
3 Shell 5W30 5,481 Gasoline 1.2 57 110,007
4 Total 5W40 7,734 Gasoline 1.6 120 60,631
5 Fanfaro 5W30 11,452 Gasoline +LPG 1.6 63 157,473
6 Selenia 5W30 14,998 Diesel 1.6 77 101,021
7 Shell 5W30 5,002 Gasoline 1.0 57 52,333
8 Mobil 10w40 6,500 Gasoline 1.6 72 330,041
9 Fanfaro 5W30 5,159 Diesel 25 88 196,427
10 Total 5W20 5,126 Gasoline 1.5 110 112,927
11 Volkswagen 0W30 15,000 Gasoline 1.0 95 15,000
118 COMBUSTION ENGINES, 2023;195(4)
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Table 2. Physico-chemical test results sorted by mileage index

Viscosity class ) 3 Water content
fsample number SaE W [eS1 [cS1 [gml’] [gmi’] [ngem”]
11 0Ws30 0.00 61.97 20.44 0.850 0.810 845.14
2 5W30 0.845 70.50 22.10 0.865 0.825 643.15
6 5W30 0.851 34.07 12.04 0.860 0.825 316.46
4 5W40 0.872 61.84 20.22 0.865 0.825 740.85
7 5W30 0.904 58.20 19.29 0.855 0.815 993.16
5 5W30 0.927 54.61 17.30 0.860 0.820 1877.26
3 5W30 0.950 63.92 20.44 0.855 0.815 2124.42
10 5W20 0.954 41.40 13.93 0.855 0.820 895.86
1 5W30 0.965 61.42 19.17 0.855 0.815 825.31
9 5W30 0.973 58.35 18.47 0.855 0.815 1180.19
8 10W40 0.980 86.72 24.75 0.870 0.830 1088.63
Sample number 5, in the viscosity test run, showed a) 100
a decrease in viscosity of approximately 11% for both tem- Zg Hpo= 2747.4W,7 - 4927.4W, + 22602 ®
peratures relative to the fresh oil sample from the control = 7 | e
group. The density measured for the dependent samples at L s - Py o wy
15°C was unchanged, while at 75°C it increased by less Rl o
than 1%. A sample of oil in use with a viscosity grade of £ 0| Hys = 536.5Wp2 - 962.88W, + 449.2
5W20 (Total) relative to the oil in the control group showed 2 ‘?-‘5 »»»»»»»»»»»» B O @ o e
a decrease in viscosity of 10.0% (at 40°C) and 7.7% (at o
75°C). There was an increase of 0.5% in density at 15°C 084 08 08 09 092 094 0% 09
and a decrease of 0.6% at 75°C. Wel]
A sample of the oil 5W30 (Fanfaro) after viscosity test- oud0 ours
ing at the lower temperature showed a 0.1% increase in b) 0.8
viscosity, and a 1.1% increase for the higher temperature. 087 |- o 5o 15688W,2-28035W,+219  ®
Comparing the density measurements, it was found that the T 086 | @ e 8
values at the lower temperature differed by 0.5%, while £os b ch|e e
there was no change at the higher temperature. The last Zom
lubricant sample distributed by the same manufacturer and 8o
. . . . . . 6,5= 1.6867W,2 - 3.1168W,, + 2.2564
the same viscosity class (#9), with a different mileage in- 08
dex, showed decreases in viscosity relative to fresh oil of .
4.8% for both temperatures. The density measurement at 084 08 08 09 092 0 0% 098
the lower temperature also showed a decrease (by 0.6%), Weld
while the measurement at 75°C was the same for both used o615 @675

and fresh oil.

A trend line was drawn for the ranked data, showing the
relationship between the results obtained during the physi-
co-chemical tests and the mileage index. In this way, four
characteristics were obtained, which show that the trend in
these parameters is similar. The mileage index of the ana-
lysed data was in the range of 0.84-0.99. From Fig. 2a, it
can be determined that there is a decrease in oil viscosity in
the range of 0.84-0.88. In the range 0.88-0.92, the values
are lowest and then there is an increase until the Wp index
value is close to 1.

Analogous ranges can be determined for the density test
carried out. The middle limit denoting the range of the
lowest density values of the samples is shifted slightly
towards higher values and is in the range of 0.9-0.94 W;.

When analysing the graphs presented, a characteristic
point can be seen that stands out from the rest of the data,
this being the point describing the viscosity measurement at
40°C for the 5W30 oil (Selenia). Such a low value for this
parameter may be since the drive unit of the vehicle from
which the sample came was subjected to a flushing during
the lubricant change.

When analysing the results obtained from testing the
water content of in-service oil samples, no correlation was
found between this data and the value of the mileage index.

Fig. 2. Comparison of viscosity (a) and density (b) test results with trend
lines

2500
2000

1500

1000
5 ‘\ |I || ‘\ ‘\ ‘l
O I
1 2 3 4 5 6 7 8 9 10 11

fisample number

Water content [ug'cm3]
8

Fig. 3. Water content in samples

3.2. Results of tribological tests

The T02-U four-ball tester used in this part of the study
made it possible to record test parameters such as the actual
force acting on the kinematic node and the actual friction
torque. These parameters were recorded at a frequency of
1 Hz. In order to take into account the load on the node and
the torque acting on it, the coefficient of friction p was
calculated for each test, according to the following equa-
tion:
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_ M¢
H= r-F’

)

where: p — coefficient of friction [-], M — friction torque
[Nm], F — load on the kinematic node [N], r — constant
moment arm of 0.15 m.

The tests on the four-ball tester consisted of three test
runs for one lubricant, one hour each. The variation in time
of the coefficient of friction for each sample is shown in
Fig. 4. The average coefficient of friction characterising the
sample was then calculated for this run.

After each test, the lower balls were visually inspected
using a microscope to determine the average area of the
wear mark. The data thus prepared were ranked in the same
way as the results of the tribological tests (Table 3). The
standard for the determination of wear traces assumes the
measurement of trace diameters on the three lower balls of
the kinematic node. For each ball, the measurement should
be carried out twice — once along the wear traces and the
second across them.

The wear marks obtained from the tests showed hetero-
geneity in terms of shape. Some of them were irregular
(Fig. 5a), while others were close to a circle (Fig. 5b). For
this reason, the diameter calculated according to the stand-
ard was not used to determine the area of the wear mark,
but the image analysis methodology was used to calculate

0.007
0.006

0.005

0.004

the area. This approach enabled a more accurate determina-
tion of the contact area between the lower balls (A, — for
used oil samples, A; — for fresh oil samples) and the ball
placed in the spindle of the tribometer.

Fig. 5. Example microscopic images of signs of wear

By placing the points corresponding to the mean wear
trace area on the graph as a function of W, it was found
that the trend line describing the change in mean wear trace
area (Fig. 6) shows similar properties to the trend lines
determined for viscosity and density. It decreases slightly in
the range 0.83-0.85 W5. In the range of 0.85-0.91 it is at
a constant value (lowest). Once the Wp exceeds 0.91, the
trend line manifests an increasing trend.

0.003

0.002

0.001

1000 1500

——5w30(1)

Sw30(2) 5w30(3) Sw40(4) ——5w30(5)

—— 5w30(6)

2000 2500 3000 3500
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5w30(7) ——10w40(8) ——5Sw30(9)

5w20(10)

0w30(11)

Fig. 4. The p factor for all used oil samples

Table 3. Results of tribological tests ranked by mileage index

#sample number Viscosity class W, n Ae As A,

SAE [mm?] [mm?] A
11 0W30 0.00 0.268 0.782631 0.234429 3.33
2 5W30 0.845 0.228 0.669358 0.405792 1.64
6 5W30 0.851 0.218 0.611117 0.318869 1.91
4 5W40 0.872 0.216 0.974916 0.200990 4.85
7 5W30 0.904 0.256 0.552152 0.220804 2.50
5 5W30 0.927 0.167 0.850034 0.166564 5.10
3 5W30 0.950 0.141 0.614777 0.220804 2.78
10 5W20 0.954 0.197 0.938673 0.202223 4.64
1 5W30 0.965 0.084 0.471683 0.166564 2.83
9 5W30 0.973 0.199 0.541008 0.166564 3.24
8 10W40 0.980 0.207 0.1073030 0.260796 411
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The trend line drawn for the data describing the friction
coefficient as a function of the mileage index did not show
the same characteristics. In this case, in the range 0.84-0.87
there was an increase in the trend line. In the range 0.87—
0.95, there was a decrease. This was followed by an in-
crease once again once the run rate exceeded 0.95. Alt-
hough this trend line does not show the same characteristics
over the entire range as those determined previously, it is
worth noting that it also shows an increase after crossing
a relatively high run rate.

When analysing the data collected, it is important to
note the differences in the field of wear marks obtained in
the tests of used and fresh oils. In each case, the wear traces
when testing fresh lubricants are smaller. When calculating
the relationship between the field of the wear pattern ob-
tained from testing fresh and in-service oils, it can be seen
that the traces of the second oil group are larger from 1.6 to
more than 5 times.

A, =2.7553W,2 - 4.7148W, +2.7279 o

A [mm?]
o
(=2
°
.

084 08 088 09 092 094 096 008 1
We ]

Fig. 6. Field of wear marks in relation to the mileage index

The coefficient of friction p, calculated on the basis of
the applied force and friction torque, was in most cases
greater for the used oil than for the fresh oil. Only samples
of oils produced by Fanfaro are inconsistent with this rela-
tionship. Due to this fact, attention was paid to the friction
torque that was recorded during the test. It turns out that for
all three lubricants subjected to operation, it was lower
compared to the oil in the control group. Because of the
dependence of the friction coefficient on the friction torque,
this translated into an inverse relationship between the
operated and fresh oils.

4. Conclusions

In this paper, aspects of lubricant condition assessment
were developed. Based on the collected data, a synergistic
W, mileage index was determined, taking into account
vehicle mileage and engine oil mileage. This enabled the
research group to be ordered according to the criterion of
operating conditions.

As the test results show, as the mileage index value ap-
proaches 1 (which can be defined by the near-critical condi-

tion of the drive unit), viscosity and density also increase.
For proper lubrication of the drive unit, the parameters
should be within the appropriate range and not increase
excessively. It can therefore be concluded that, in the case
of an engine in critical condition, these properties will be so
high that the lubricant will not provide adequate protection
for the system components. As mentioned in the introduc-
tion of the paper, the increase in these parameters may be
due to excessive accumulation of wear products. In the case
of water content, it was found that there was no correlation
between the adopted Wp index. The values recorded during
the tests for used oils were in the range of 316-2125 pg-cm >,
Such a large discrepancy in results could be influenced by
such aspects as the moment of oil change (hot or cold en-
gine), the method of operation (e.g. frequent engine start-up
and driving over short distances) or the water content of
fresh oil fed into the system.

The relationships between the assumed W; index and
the density measured at 15°C and 75°C in the form of trend
lines are similar in shape. This can be inferred from the
similar coefficients of the trendline equation. In the case of
the trend line describing the viscosity relationship at 40°C
and 75°C and the Wp index, the discrepancy between the
trend line coefficients is noticeably different. The coeffi-
cients take on a value several times greater for the trend line
plotted for the viscosity measurement at 40°C.

The loss of lubricating properties by oils taken from
high-mileage engines is also confirmed by tribological tests
carried out. Several times larger areas of wear marks (from
1.6 to more than 5 times) in the case of testing with used oil
than with fresh oil testify to less protection for the mating
parts. It should be noted that in all tribological tests carried
out with fresh oil, the field of the wear mark was always
smaller than that of the corresponding used oil of the same
viscosity grade and distributed by the same manufacturer.
By comparing the wear marks of the lower balls of the four-
ball tester with each other when testing a group of oils
operated according to the mileage indicator, it can be de-
duced that, with the drive unit approaching a critical state,
the wear marks will also be larger, and thus, just as in the
case of the comparison with fresh oils, the engine compo-
nents will be more exposed to wear.

The microscopic examination carried out showed ir-
regular wear marks on the lower balls of the four-ball appa-
ratus. This result may be due to the formation of lubrication
channels at the lower ball — upper ball interface, which
prevents the components from fully pressing against each
other. It should be noted that the validity of this statement is
supported by the fact that when irregularly shaped wear
marks were obtained during the test, a friction torque was
recorded at a very low level, at times not exceeding
0.1 Nm.

Nomenclature

A. area of the wear mark on the lower ball of the four-
ball tester for used oil [mm?]

As area of the wear mark on the lower ball of the four-
ball tester for fresh oil [mm?]

F kinematic node load [N]
M;  friction torque [Nm]

Po  oil mileage [km]

Pp vehicle mileage [km]

COMBUSTION ENGINES, 2023;195(4)

121



Evaluation of the antiwear properties of timely changed engine oils

ldzior M, Wichtowska K. Study on the influence of vehicle
run on changes of engine oil properties. Autobusy: technika,
eksploatacja, systemy transportowe. 2016;17(6):900-904.

Jakobiec J, Budzik G. Agents influencing degree of engine
oil during exploitation. Arch Automot Eng. 2007;3:209-216.
Jedrychowska S. Optimalization of water determination
conditions by coulometric titration method with evaporation

Landowski B, Baran M. Analysis of changes in the value of
selected lubricant characteristics during use. MATEC Web

Landowski B, Baran M. Analysys of selected results of engine

Ryniewicz A, Bojko L, Madej T. Estimation of viscosity
engine oils using rotational rheometer. SJSUTST. 2014;83:

Sejkorova M, Hurtova I, Jilek P, Novak M, Voltr O. Study
of the effect of physicochemical degradation and contami-
nation of motor oils on their lubricity. Coatings. 2021;11(1):

Thapliyal P, Thakre GD. Correlation study of physico-
chemical, rheological and tribological parameters of engine

Zaharia C, Niculescu R, Clenci A, lorga V. Analyse of used
oil in order to emit diagnosis interpretations of the diesel en-

Zaharia C, Niculescu R, lorga-Siman V, Ducu CM. Diag-
nosing the operation of a locomotive diesel engine based on
the analysis of used oil in the period between two technical
revisions. Int Cong Automotive and Transport Engineering,

r friction torque arm [m] Mg  Vviscosity at 40°C [cSt]
SAE Society of Automotive Engineers prs  viscosity at 75°C [cSt]
t time [s] 815  density at 15°C [g'ml™]
W,  mileage index [-] 875  density at 75°C [g'ml™]
1 coefficient of friction [-]
Bibliography
[1] ASTM D 4172-94 (Method B) — Standard Test Method for  [13]
Wear Preventive Characteristics of Lubricating Fluid (Four-
Ball Method).
[2] Chmielewski Z. Assessment of the kinetics of changes in  [14]
selected physicochemical indicators of engine oil in operation.
Combustion Engines. 2022;188(1):24-29. [15]
https://doi.org/10.19206/CE-1413
[3] EN ISO 12937:2000 Petroleum products — Determination of for lubricating oils. Nafta-Gaz. 2021;7;480-489.
water — Coulometric Karl Fischer titration method. https://doi.org/10.18668/NG.2021.07.07
[4] EN ISO 20623:2018 Petroleum and related products — De-  [16]
termination of the extreme-pressure and anti-wear properties
of fluids — Four ball method (European conditions). Conf. 2019;302:01009.
[5(] EN ISO 3104:2020 Petroleum products — Transparent and https://doi.org/10.1051/matecconf/201930201009
opaque liquids — Determination of kinematic viscosity and  [17]
calculation of dynamic viscosity. oil tests. MATEC Web Conf. 2019;302:01010.
[6] EN ISO 3675:1998 Crude petroleum and liquid petroleum https://doi.org/10.1051/matecconf/201930201010
products — Laboratory determination of density. [18] Mikotajczak J. Tribotestery. Editor PWSZ Pita 2019.
[7]1 Farhanah AN, Bahak MZ. Engine oil wear resistance. Jour-  [19]
nal Tribologi. 2015;4:10-20.
https://jurnaltribologi.mytribos.org/v4/JT-V4-10-20.pdf 225-234.
(accessed on 15.05.2023). [20]
[8] Fatima N, Minami I, Holmgren A, Marklun P, Berglund K,
Larsson R. Influence of water on the tribological properties
of zinc dialkyl-dithiophosphate and over-based calcium sul- 60. https://doi.org/10.3390/coatings11010060
phonate additives in wet clutch contacts. Tribol Int. 2015;  [21]
87:113-120. https://doi.org/10.1016/j.triboint.2015.02.006
[9] Ghannam MT, Selim MYE, Khedr MAM, Bin Taleb NAG, oils. Adv Tribol. 2017:1-12.
Kaalan NR. Investigation of the rheological properties of https://doi.org/10.1155/2017/1257607
waste and pure lube oils. Fuel. 2021;298:120774. [22]
https://doi.org/10.1016/j.fuel.2021.120774
[10] Holmberg K, Erdemir A. Influence of tribology on global gine operation. Rom J Automot Eng. 2019;25(1):5-11.
energy consumption, costs and emissions. Friction. 2017;5:  [23]
263-284. https://doi.org/10.1007/s40544-017-0183-5
[11] Hu E, Hu X, Liu T, Fang L, Dearn KD, Xu H. The role of
soot particles in the tribological behavior of engine lubrica-
ting oils. Wear. 2013;304:152-161. Brasov, Romania. 2017.
https://doi.org/10.1016/j.wear.2013.05.002 https://doi.org/10.1007/978-3-319-45447-4 36
[12] Idzior M, Aging of engine oils and their influence on the wear  [24]

Daria Skonieczna, MSc. — Faculty of Technical
Sciences, University of Warmia and Mazury in
Olsztyn, Poland.

e-mail: daria.skonieczna@student.uwm.edu.pl

Prof. Oleksandr Vrublevskyi, DSc., DEng. — Faculty
of Technical Sciences, University of Warmia and
Mazury in Olsztyn, Poland.

e-mail: aleksander.wroblewski@uwm.edu.pl

of an internal combustion engine. Combustion Engines.
2021;185(2):15-20. https://doi.org/10.19206/CE-138033

Piotr Szczyglak, DSc., DEng. — Faculty of Technical
Sciences, University of Warmia and Mazury in
Olsztyn, Poland.

e-mail: szczypio@uwm.edu.pl

Zaharia C, Niculescu R, Nastase M, Clenci A, lorga-Siman V.
Engine oil analysis to evaluate the degree of its wear during
the period of operation of the vehicle. IOP Conf Series: Mate-
rials Science and Engineering. 2022;1220:012037.
https://doi.org/10.1088/1757-899X/1220/1/012037

122

COMBUSTION ENGINES, 2023;195(4)


https://doi.org/10.1016/j.rser.2016.08.041
https://doi.org/10.1016/j.rser.2016.08.041

