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;f]f’]elgl“le of oil change, were to verify whether a decision concerning oil change taken by tractor

users after specific time of operation of an engine was good. Number
of exceedings of the threshold values of parameters of engine oil which
are responsible for correct lubrication were the basis for evaluation.

Introduction

Farm tractors are very comprehensive in comparison to other vehicles. Except for typical
field and forestry works, they are also used for varied transport works or works at road
maintenance (e.g. snow removal, sweeping, mowing roadsides). Therefore, they should be
dependable in various climatic, weather conditions and with a varied load of the drive unit.
To keep the used equipment in the best possible technical condition, it should be regularly
maintained as recommended by a producer (Buchwald and Staszak, 2013).

Change of engine oil is one of the elements of technical maintenance. Engine oil during
exploitation gets old and absorbs many contaminations. As a result, it loses its functions and
must be subjected to periodical changes (Gomoika et al., 2011; Urzedowska and Stepien,
2012). Due to variability of the chemical composition of engine oil and variable impact of
external factors on its ageing, no general schematic representation (model) of oil quality
changes that took place during exploitation can be made (Zo6towski and Kastelik, 2010; Du
etal., 2017; Zhu et al., 2017). Therefore, it is essential to define a moment when oil loses its
functions achieving a border state of operational capability. Attempts to determine the limit
state for engine oils, that are presented in literature, come down to determination of admissi-
ble changes: selected physico-chemical property of oil, parameter recognised as representa-
tive for the ageing process, set of parameters concerning property features of oil or concen-
tration of performance chemicals. Parameters selected the most often in order to present
quality changes are: kinematic viscosity in the temperature of 40 and 100°C, nitration degree,

25



Wojciech Gotgbiowski, Grzegorz Zajac, Artur Wolak

oxidation and sulphanation, acid number and base number, fuel content, performance chem-
icals, smearity, disposition to foaming or content of elements (Woropay et al., 2006;
Chmielewski, 2011; Soéjka and Bukowski, 2014; Wierzcholski, 2015; Chmielewski et al.,
2018; Gotebiowski et al., 2018; Raposo et al., 2019). Therefore, for correct assessment of the
condition of engine oil it is indispensable for operation to obtain information on the present
value of the selected assessment indicator and a threshold value of the parameter. The set of
this information enables correct decision to be taken - whether the used engine oil can or
cannot be used.

However, there are no cheap and simple methods of diagnosis of the condition of oils
during their use. Therefore, change of engine oils in farm tractors takes place based on the
determined time of exploitation of oil in an engine (a service life provided in performance
hours). On one hand, it results in a not fully used oil potential, which increases the exploita-
tion costs of tractors, on the other hand, negatively affects the natural environment, burdening
it with utilization of the product that can be still used.

Tractor user’s manuals provide for maintenance intervals of engine oils. Recommended
dates on which engine oil should be changed depend, however, on many factors, such as:
volume of oil pan, type of the used engine oil and filter, content of sulphur in engine oil, the
use of biofuels, variable conditions of tractors performance and tractor maintenance. Produc-
ers provide thus, maximum times of oil use which should not be exceeded. Depending on the
producer, these recommendations may be from 200-500 h (for brand new tractors 50 h) but
a change every year is recommended regardless the worked time.

According to Buchwald and Staszak (2013) a part of users of farm machines, whose guar-
anteed period has ended, try to extend the operational period of lubricating substances in-
creasing also the period between technical maintenances and showing thus a trend of search-
ing for substitutes of original exploitation elements. Such behaviour related to application of
improper engine oil and/or failure to comply with the time when it should be changed, may
cause premature consumption of the engine elements (Idzior and Wichtowska, 2016).

Oil change according to estimations based on the operational time of engine oil is only an
estimation of the time needed for unfavourable changes to occur in the lubricating substance.
Therefore, there is a threat that in extremely unfavourable conditions of exploitation, thresh-
old values of selected parameters of oil condition e.g. viscosity, will be exceeded (Chmielew-
ski et al., 2018).

The objective of the study was to verify whether a decision taken by tractor users on the
oil change after a set time of tractor operation (h) was appropriate from the point of view of
the number of exceedings of the threshold values. The paper presents results of the research
of selected physico-chemical properties for engine oils after completion of the operational
period, essential from the point of view of correct engine exploitation. Oils come from farm
tractors with a varied age structure and varied exploitation state. Parameters were selected
for analysis and assessment of operational properties of the investigated oils because they
characterise the ageing process of oil that takes place during exploitation and is a basis to
determine its usefulness for further exploitation (Krupowies, 2006; Chmielewski, 2017).
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Research methodology

Research material consisted in used engine oils from 17 farm tractors of two producers,
with a varied exploitation course. Oils were obtained from maintenance units which repair
farm tractors from the region of Lubelskie Province during a standard procedure of oil
change. Oils came from 3 producers and have the same viscosity class (15W-40). Charac-
teristic of fresh oils which were used in the study was presented in table 1.

Table 1.
Measured physicochemical properties of fresh engine oils

Oil code
Parameter Unit D MG UN
Viscosity class SAE - 15W/40
Quality class API - CJ-4, CI-4, CH-4 CI-4/CH-4 ClJ-4
Kinematic viscosity 100°C (mm?-s) 15.53 13.24 12.79
Kinematic viscosity 40°C (mm?-s) 128.27 85.67 84.74
Total base number (TBN)  (mg KOH-g") 7.76 10.85 8.42
Total Acid Number (TAN) (mg KOH-g") 0.53 0.23 0.76
Oxidation degree (Abs-0.1mm™) 0.16 0.11 0.13
Nitration degree (Abs-0.1mm") 0.07 0.06 0.06
Sulfonation degree (Abs-0.1mm™) 0.21 0.15 0.16

Used oils were grouped according to producers. They were marked with the following
codes: JD01-04, MG01-07 and UNO1-06.

When samples were taken, a general course of a tractor and time of operation of oil in
a tractor were reported. Tractors with a varied age structure were selected for research and
thus various technical solutions of engines and with a varied exploitation condition. Service
life of oil understood as operation time of a tractor established by a producer during which
safety and efficiency of operation are ensured was important from the point of view of the
research. Detailed information was presented in table 2.

To determine parameters of engine oils at the end of their use, collected samples were
analysed with ERASPEC OIL by Eralytics. This is a portable spectrometer from the scope
of average infrared designed for measurement of physico-chemical parameters of lubricating
oils which is fully compliant with the requirements of the European and American standards.
The device was used for assessment of the following parameters: kinematic viscosity in 40°C
and 100°C, oxidation degree, nitration degree and sulfonation degree and the Total Acid
Number (TAN) and Total Base Number (TBN). Those parameters were selected because
they enable obtaining an image of oil degradation as a result of tractor operation. Tests were
carried out based on the standard ASTM E2412-10. For all oils research in three iterations
was performed and then the result was averaged:

Changes of parameters of oils collected from tractors were referred to parameters of fresh
oils which were set in table 1. Moreover, values obtained for fresh oils served as a reference
point for determination of threshold values. The analysis of literature showed great discrep-
ancies in determination of threshold values of indicators of the engine oil condition. For the
current assessment of the condition of oil, threshold values presented in table 3 were included.
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Table 2.

Detailed info on the tractors course and oil exploitation time

Code name

Total course of

Service life

of oil Item Tractor model Sample code a tractor (h) of oil (h)
1 John Deere 5090R JDO1 154 104
D 2 John Deere 5100R JD02 139 90
3 John Deere 455 JDO03 300 250
4 John Deere 5090M JD04 1019 300
5 New Holland T 3040 MGO1 50 50
6 New Holland T7.210 MGO02 50 50
7 New Holland TD 5.75 MGO03 147 100
MG 8 New Holland T 7.AC MG04 209 150
9 New Holland T 5040 MGO5 1360 300
10 New Holland T 6080 MGO06 3260 300
11 New Holland T 7050 MGO07 5527 300
12 New Holland T 6.165 UNO1 49 49
13 New Holland T 5.115 UNO02 56 56
UN 14 New Holland T 5.105 UNO3 302 250
15 New Holland T 7.185 UNO04 312 260
16 New Holland T 6030D UNO5 612 250
17 New Holland T 6.175 UNO06 903 250
Table 3.

Details related to the threshold values of parameters

Threshold values

referred to the branch literature

Assumed

Parameter Unit (Vasanthan (Kral Jr  SAE (Urzqdovx./slfa in this
etal,, 2015) etal., J300- and Stepien, stud
N 2014) 2015 2012) Y

Kinematic viscosity (15W) —
100°¢ (mm?s!) 14.5-15.7 coomin T sy, s

max

<14,8
Fonematic viscosity (mm?-s7) - L15% - L15%  £15%
(TTO&?“S Number(1ne KOH-g") <50%  <30% - <30%  <50%

In the point of
. crossing of L
;l:l?r]h?(nd Number (mg KOH-g!')  changed lines - bmg KIOH J +2,5 mg
TAN and
TBN

Degree of oxidation ~ (Abs:(0.1 mm)™') - >1.0 - >0.4 >0.4
Degree of nitration (Abs*(0.1 mm)1) - >1.0 - >0.4 >0.4
Degree of sulfonation  (Abs:(0.1 mm)) - >1.0 - >0.4 >0.4
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To present the obtained results for each analysed variable, box plots were used in 3 groups
that determine a type of the oil producer. The following data were included in diagrams:
measured values (outliers and extremes); median and frame including a quartile range (quar-
tile - 25 and 75 percentile).

Research results

Figure 1-7 present changes of such physico-chemical parameters as: kinematic viscosity
in 40°C and 100°C, TBN, TAN, oxidation, nitration, sulfonation referred to the threshold
level of particular parameters.
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Figure 1. Kinematic viscosity in 40°C in tested engine oils
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In all samples from JD oil group, exceeding of threshold values for the kinematic viscos-
ity parameter of oil in 40°C was reported. Exceeding of the bottom threshold value is visible
which may lead to the lack of protection of friction mechanisms. In two samples from MG
oil group (one after 50 hours of operation and the second one after 300 h) exceeding of the
maximum limit of the viscosity value was observed which may be a basis for elimination of
oil from further exploitation due to considerable impediment in oil distribution and as a result
possibility of not sufficient lubrication of moving parts of the mechanism. It should be said
that exceeding the threshold values did not affect the time of oil use in particular tractors
(example of oils from JD group) in the oil sample JDO1 after 100 h and in sample JD04 after
400 h identical exceeding by 18% in comparison to the value of fresh oil was reported).
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Figure 2. Kinematic viscosity in 100°C in tested engine oils
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The diagram from figure 2 shows that kinematic viscosity in 100°C, in a decisive number
of oil samples (16/17) was within the determined limits which proves that oil still met the
criteria of a given parameter. One sample of oil exceeded the maximum value of a parameter,
it was sample UNO1 after 49 hours of operation (increase by 34% in comparison to fresh oil).
This sample differed from the remaining set of a given oil group and was recognised as
a diverging sample. A reason for exceeding the determined thresholds was a high content of
carbon black. Such oil may characterise with impeded distribution on the surface of cooper-
ating engine parts.
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Figure 3. Total base number in tested engine oils
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Another investigated parameter was the Total Base Number (TBN) and the total Acid
Number (TAN). Results of determination of the base number in analysed oils is presented in
figure 3. All samples of oil were within the determined thresholds and did not fall below the
accepted minimum threshold values. No increased loss of TBN was observed with reference
to the oil operation period. Both the oil courses 300, 100 and 50 h had similar TBN losses -
ca. 15%.

Analysis of the results of TAN in tested oils shows that with reference to all analysed
samples the threshold value is not exceeded. It is worth mentioning that oils after the exploi-
tation period, which is 300, 500 h are not inclined to exceed the critical value of TAN. Results
of determination of the acid number in analysed oils is presented in figure 4.
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Figure 4. Total Acid Number in tested engine oils
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In no analysed oil the assumed critical value of oxidation which was 0.4 Abs-0.1mm’!

was exceeded. The highest oxidation degree was reported in the group of JD oil with a symbol
JDO5 (300 h), which was 0.177 Abs-0.1mm'. While, the highest value was observed in the
group of MG oil, in which sample MGO1 (50 h) showed the value of this parameter at the
level of 0.114 Abs-0.1mm'!. Oxidation degree of oil in investigated samples was presented

in figure 5.
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Figure 5. Oxidation degree in tested engine oils
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The assumed threshold value of nitration of 0.4 Abs-0.1mm! was not exceeded in any of
the analysed samples. While, the highest value was observed in the group of UN oil, in which
sample UNO2 after the extended amount period of 56 h showed the value of this parameter
at the level of 0.060 Abs-0.1mm’!. Such a low level could have been reached by adding fresh
oil to engine. The highest nitration degree was observed in the group of JD oil in the oil
sample JD03 (0.106 Abs-0.lmm™), which was obtained from a tractor after exploitation
course of oil which was 250 h. The nitration degree of oils was presented in fig.6.
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Figure 6. Nitration degree in tested engine oils
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The assumed threshold value of sulfonation was not exceeded in any of the tested sam-
ples. The highest value was reported in the group of JD oil with a symbol JD03 (250 h),
which was 0.273 Abs-0.1lmm™!. While, the highest value was observed in the group of MG
oil, in which sample MGO5 (300 h) showed the value of this parameter at the level of 0.154
Abs/0.1 mm. The results of the sulfonation degree were presented in figure 7.
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Figure 7. Sulfonation degree in tested engine oils

Results of the tests of particular oil parameters for all investigated groups were presented
in table 4. The highest number of exccedings was reported for the kinematic viscosity of oil
in 40°C. Moreover, one sample exceeded the determined threshold value for oil viscosity in
100°C. No exceedings for such oil parameters as acid number, base number, oxidation de-
gree, nitration and sulfonation degree were reported. The research results are surprising
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because the highest number of exceedings, namely 2 out of 7 possible were reported for oil
sample from a tractor with a relatively small exploitation course of oil that is 49 h and not
like it was expected for tractors with a much longer service life of oil. This example may
constitute additional confirmation of the fact that we should pay much greater attention to an
individual character of the tractor operation.

Conclusion

Values of engine oil parameters (both of fresh oil and measured during engine operation)
are not uniform and change in relation to operation conditions, time of operation, technical
condition of an engine or its components. Any changes of properties of engine lubricants that
exceed threshold upper and lower ranges accepted for them, bring negative effects in the form
of possible faults (Idzior and Wichtowska, 2016). The condition of oil is compared to the
condition of fresh oil and refers to the threshold values which should not be exceeded. If any
value achieves a limit state, it means that oil does not meet its full functions and should be
changed.

The tests that were performed enabled determination of distribution of frequency of the
threshold values for determined parameters of the investigated engine oil. In selected oils,
from among all determined parameters, only exceeding of kinematic viscosity in 40°C (41%)
and 100°C (6%) was reported. Wolak and Zajac (Wolak and Zajac, 2017) in their studies
showed that the results obtained by means of spectrometers operating in infrared (units that
were initially set up with those already uploaded in data bases) should be accepted with cau-
tion. Methods used in specialist laboratories not always can confirm them. Such units have
similar trends and dynamics of changes of the analysed parameters, they can both increase
or decrease the results.

With reference to ten samples of oil, no exceeding was reported, thus the change took
place too early. In six cases after one exceeding, it was concluded that the moment of change
was similar to optimal. In one case (UNO1 (time of operation 49 h)/ New Holland T 6.165),
more than one case of exceeding was reported. Therefore, assuming that exceeding of at least
one parameter is a criterion for oil changes, it should be considered that a half of the investi-
gated engine oils was changed after the critical value was exceeded. However, when we are
guided with the size of those exceedings and a parameter which was exceeded, the assessment
does not seem to be explicit any more. Slight deviations may only be the basis for further
control of the condition of oil.

The presented studies should be considered as pilot that aim at showing the problem re-
lated to determination of the date when oil should be changed. It should be said that extending
the survey with a higher number of vehicles and analysed parameters and analysis of the
nature of tractor operation would enable verification of standards for oil change suggested by
producers.
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ANALIZA OLEJ OW SILNIKOWYCH POCHODZACYCH
Z CIAGNIKOW ROLNICZYCH W ASPEKCIE TERMINU
ICH WYMIANY

Streszczenie. W pracy przedstawiono wyniki badan wybranych parametrow fizykochemicznych
olejow silnikowych pochodzacych z ciagnikéw rolniczych, bazujac na terminie wymiany oleju
przyjetym przez uzytkownika ciggnika. Analizie poddano 17 probek przepracowanego oleju
silnikowego, pochodzacych z ciagnikéw rolniczych réznych producentdow i o réznym przebiegu
eksploatacyjnym. Oleje do badan pobrano podczas wymiany oleju, kazdorazowo rejestrujac resurs
oleju. Pozyskano je z serwisOw zajmujacych si¢ naprawami ciggnikow rolniczych z terenu woj.
lubelskiego. Przeprowadzone badania miaty na celu sprawdzenie, czy podjeta przez uzytkownikow
ciggnikow decyzja o wymianie oleju po okreslonym czasie pracy silnika, byta wlasciwa. Oceng
przeprowadzono w oparciu o analiz¢ liczby przekroczen warto$ci granicznych parametrow,
odpowiadajacych za zdolno$¢ oleju silnikowego do prawidtowego smarowania.

Stowa kluczowe: olej silnikowy, harmonogram wymiany oleju, FTIR
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