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Increase in machinery size and its random traffic at fields cause soil compaction resulting in damage of soil structure and
degradation of soil functions. Nowadays, rapid methods to detect soil compaction at fields are of high interest, especially proximal
sensing methods such as electrical conductivity measurements. The aim of this work was to investigate whether electromagnetic
induction (EMI) could be used to determine trafficked areas in silty clay soil. Results of randomized block experiment showed
a high significant difference (p <0.01) in EMI data measured between compacted and non-compacted areas. EMI readings from
compacted areas were, on average, 11% (shallow range) and 9% (deep range) higher than non-compacted areas, respectively.
This difference was determined in both shallow and deep measuring ranges, indicating that the difference in soil compaction was
detected in both topsoil and subsoil. Furthermore, the data was found to have a significant spatial variability, suggesting that, in
order to detect the increase in EMI (which shows the increase in soil compaction), data within close surrounding area should be
included in the analyses. Correlation coefficient of EMI and penetration resistance (average moisture content 32.5% and 30.8% for

topsoil and subsoil) was found to be 0.66.
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Soil compaction caused by vehicular traffic adversely affects
the key soil functions and ecosystem services that soils
provide (Kelleretal.,, 2019).It has been shown thatanincrease
in stress levels with higher bulk density and mechanical
penetration resistance, and a decrease in soil hydraulic
conductivity resulted in decreased root elongation rates and
consequently prolonged the time required for roots to reach
a certain soil depth. Soil compaction caused by machinery
traffic needs to be: (a) either removed by costly subsoiling;
or (b) avoided by implementation of technologies, such as
wide span gantry technologies (Chamen, 2015; Bulgakov et
al., 2018). Recently, controlled traffic farming (CTF) and its
modifications show potential benefits worldwide (Godwin
et al,, 2015; Chamen, 2015; Gutu et al., 2015; Galambo3sova
et al, 2017; Latsch and Anken, 2019; Antille et al, 2019;
Masola et al., 2020). In order to conduct the aforementioned
management steps, areas which were exposed to traffic
should be spatially targeted. As soil compaction is defined
as a change in the soil density, the most exact estimate
can be obtained by measuring the soil density (Rataj et al.,
2014). However, for practical reasons, traditional methods
that rely on undisturbed soil samples are progressively
being replaced by methods of proximal sensing. Proximal
sensing comprises rapid methods, which enable measuring
soil properties and producing soil maps with high
resolution (Gebbers, 2019). Gebbers (2019) concluded that
penetrometers and draft force sensors can be used for this
purpose as direct methods. In terms of indirect methods,
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measuring the electrical conductivity of soil (ECa) has been
employed in soil mapping recently. This is measured by two
methods, galvanic couple electric resistivity (GCER) and
electromagnetic induction (EMI). Heil and Schmidhalter
(2017) reviewed the applications of ECa and concluded that
not many studies have been conducted on determining the
soil compaction using ECa. However, several studies (Kraj¢o,
2007; Alaoui and Diserens, 2018; Romero-Ruiz et al., 2019)
show the potential of soil compaction targeting at field. So
far, the most complex study was published by Kraj¢o (2007),
who compared the Conductometer (GCEM) and the EMI
measurement with favourable results for the former. On the
basis of presented data, this latter study claims that the EMI
was less sensitive in terms of distinguishing the compacted
areas above 0.3 m.

Based on this, it is clear that there is still a lack of
evidence in terms of direct assessment of this methods
for targeting field trafficked/compacted areas. On the
contrary, there is a need to examine these problems
as current trends in precision agriculture are aimed at
using soil proximal sensing, e.g. use of Topsoil Mapper
(Geoprospectors GmbH, Austria). Furthermore, there
are attempts to use such data for online variable tillage
treatment. Therefore, the aim of this work was to examine
the ability of soil electrical conductivity to detect soil
compaction caused by field traffic using electromagnetic
induction measurements.
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As soil proximal sensing method, the apparent electrical
conductivity (ECa) of the soil was measured by a non-contact
method using the electromagnetic induction (EMI) with an
EM38-MK2 device (Geonics Limited, Canada). When using
EMI, the transmitter coil creates primary magnetic field in
the soil, which reacts by establishing a secondary field. The
superposition of these two fields results in a bulk magnetic
field, which is measured using a receiver coil (Gebbers,
2019). The EM38-MK2 device was used in a horizontal mode;
this means that the depth range of measurement was
0-0.38 m and 0-0.75 m for shallow and deep measurements,
respectively.

Experimental site

Experiment was conducted at a research area of the
Slovak University of Agriculture in Nitra (48° 18’ 07.4" N,
18° 05" 52.8" E). Soil texture analyses showed uniform soil
texture across the site with a silty clay soil. The representation
of the different fractions is provided in Table 1. Soil moisture
content (MC) was measured in two depths (0.10-0.15 m and
0.25-0.3 m) at each of the locations using disturbed samples
(sampled with a soil auger) that were analysed using the
gravimetric method (Reynolds, 1970). Measurement of EMI
was conducted (a) before trafficking the experiment (on

29" April 2019) and then (b) after trafficking to document
the differences in compaction levels (on 30™ April 2019).

Experimental layout

The experiment was a randomised block design with three
blocks and four plots each block (two trafficked and two
non-trafficked), as shown in Fig. 1. Soil compaction was
produced by ‘multi-trafficking’ of the area with a John Deere
8230 tractor (11,406 kg, front tyres: 600/70 R30, 0.25 MPa,
rear: 650/85 R38, 0.25 MPa) wheel by wheel and, as a result
of that, the site comprised two variants:

1. Trafficked areas — Compacted plots;

2. Non-trafficked areas - Non-compacted plots

(Control).

To document the difference between the variants in soil
compaction, penetration resistance was measured using
a Penetrologger (model P1.52, Eijlkelkamp Soil & Water,
Giesbeek, The Netherlands) with ten insertions (n = 10) at
each of the 12 plots following the ASABE standard no EP 541
(ASABE, 1999).

Software and statistical methods

Statistical analyses were undertaken using Statistica
(StatSoft Inc., 2013). These involved descriptive statistics
followed by an analysis of variance (ANOVA) and the least
significant differences (LSD) to compare the means using
probability levels of 95% and 99%.

North
Direction of measurements across the plots Variants:  T: Trafficked
N: Non-trafficked
Block3 Block2 Block1
.
v
10.5m
N N N N
- - —
— approx. 3.5 m
Direction of measurement when measuring each plot separately
Fig.1 Layout of the randomised block design experiment for soil electrical conductivity assessment
Table 1 Representation of different soil texture fractions at the experimental location
Depth (cm) % of whole particles
>0.25 0.25-0.05 0.05-0.01 0.01-0.001 <0.001
0-30 1.75 4.35 14.85 38.72 40.31
30-60 2.71 1.05 14.26 36.08 45.88




The tests were conducted as one-factor analyses,
which included the compaction level (of compacted and
non-compacted areas). The same statistical approach was
applied to investigate the effect of compaction, as well as
spatial position (blocks), using ANOVA with two factors.

Spatial variability was displayed using ArcGIS (ESRI)
and the spatial interpolation was performed by means
of the Universal Kriging method for EMI values and IDW
method for moisture content data. Correlation analysis was
conducted as well.

Before the wheel traffic was applied, the moisture content
of the soil was 35.04% for the topsoil and 31.6% for the
subsoil on average, with its spatial variability shown in Fig.
2. Further, the EMI was measured and the results of the
scans before the trafficking are given in Fig. 3. These results
indicate lower moisture content in subsoil in Block one and
two and higher EMI values in deep horizon.

After trafficking was applied, soil strength was measured
using a cone penetrometer (ASABE, 1999). The results shown
in Fig. 4 (Left) were analysed using the ANOVA and showed
a significant difference in the entire soil profile (p <0.01),
with the greatest difference in the topsoil (depth up to
0.1 m). The actual soil MC measured from the soil samples

vertical penetrometric resistance, MPa
(average, for each cm depth n=6)
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Fig.4 Soil penetration resistance - average values for
compacted and non-compacted plots (statistically
significant difference at p <0.01 in whole depth)
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Fig.3 Electromagnetic induction measured before the experiment in the shallow horizon (Left) and in the deep horizon (Right)




Table 2

Average values of EMI determined in trafficked and non-trafficked areas measured in the shallow and deep horizons

Depth horizon of EMI measurement

EMI (mS-m™) (mean + SD)

trafficked areas

non-trafficked areas

Shallow (0-0.38 m)

47.72 £5.08°

42.88 +4.3°

Deep (0-0.75 m)

45.10 +6.76°

41.2+5.78°

a, b - significantly different at p <0.01 when comparing the trafficked and non-trafficked areas at selected depths

analysed by gravimetric method was on average 30.8% for
the topsoil and 32.5% for the subsoil.

The experimental site was observed using EM38-MK2
in two directions, as indicated in Fig. 1 (red lines). The
device was handheld at an approximate distance of 100
mm above the ground. The results of a one-way ANOVA, in
which all the three blocks were included, showed a highly
significant difference in the EMI data at p <0.01; results are
given in Table 2. The compacted areas were found to be
characterised with higher mean values of EMI. Furthermore,
the values for the shallow horizon were higher than with the
results obtained in the deep horizon for both compacted
and non-compacted variants.

Subsequently, the EMI was measured across the plots
to simulate the movement of a machine on the field across
compacted zones. The results are shown in Fig. 5 and the
spatial variability of data is shown in Fig. 6. The data were

interpolated using the Universal Kriging function. As it is
clear fromFig. 5, the general trend is that the values decrease
from the east to the west direction. The differences between
Block three and the rest of the experimental site in values
of EMI were present before and after trafficking. Therefore,
blocks were used as an indicator of spatial location. The two-
factorial ANOVA was applied to data to observe the effect of
both block (spatial location) and field traffic and the results
are shown in Fig. 7.

The EMI results were found to be highly significantly
different (p <0.01) for the compacted and non-compacted
areas in all the three blocks. This is valid for both the shallow
and deep depth ranges — topsoil and subsoil, respectively.
These findings bring a novel knowledge, since Kraj¢o (2007)
did not find any significant difference between compacted
and non-compacted areas in the topsoil in a randomized
block design also using the EM38-MK2 device.
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Fig.7 Mean EMI values for the shallow (Left) and deep (Right) depth ranges for compacted and non-compacted plots/areas in
three blocks (a, b, ¢, d letters indicate the statistically different groups based on the LSD analyses)

For both depth ranges measured (shallow and deep),
Block 3 was found to have significantly lower EMI values
compared to Blocks 1 and 2, which were not significantly
different from each other. This significant spatial variability
within such a small distance (42 m), between Block 3 and
the rest of the experimental site, can be explained by the
variability in MC (Fig. 1 Right). From a practical point of view,
it suggests that the values of EMI need to be compared
with data on very close surroundings if the increase should
be detected. Furthermore, incorporating spatially dense
data on moisture content would be beneficial in terms of
data interpretation. This agrees with Heil and Schmidhalter
(2017), who stressed that the interpretation and utility of
ECa readings are highly location- and soil-specific; the soil
properties contributing to ECa measurements must be
clearly understood.

Further, the EMI data were correlated with the measured
penetration resistance and a statistically significant
correlation coefficient of EMI to penetration resistance
was found to be equal to 0.69 at p <0.01 for the shallow
measurement depth (depth range up to 0.38 m). Similar
findings were published by Al-Gaadi (2012) for sandy
soils, where the correlation coefficient was 0.69 at 8%
soil MC. Hoefer et al. (2010) found similar relationship of
penetrometer resistance and ECa at depth 0.30-0.40 m in
loess-derived homogenous soil.

There is a potential that these data could be used
to predict soil compaction caused by vehicular traffic.
Further increase in precision could come from combination
of EMI data with crop yield and other proximal sensing
methods.

Conclusion

The results of the pilot study on the silty clay soil showed
a potential of the EMI method to detect the trafficked
areas of the field. Overall, a highly significant difference
(p <0.01) in EMI values between compacted and non-
compacted areas with an average increase by 11% for
compacted areas of the shallow soil horizon and by 9%
for compacted areas of the deep soil horizon was found.
A significant spatial variability of the data within the 42 m
distance, was found (Blocks 1and 2 significantly differed

from Block 3); however, within each block, significant
differences in compacted and non-compacted plots were
still identified.

On the basis of the results, it can be recommended that
EMI method can be used to determine the compacted areas
in silty clay soil; however, data related to close surrounding
area should be taken into account in the analysis.
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CHANGE OF MECHANICAL PROPERTIES OF ZINC COATINGS
AFTER HEAT TREATMENT

JiFi VOTAVA*, Vojtéch KUMBAR, Adam POLCAR, Martin FAJMAN

Mendel University in Brno, Czech Republic

Hot-dip galvanized coatings represent a protection based on passivation of the single zinc layer. It is one of the most commonly
used surface treatments of steel. However, pure zinc forms merely an insignificant upper layer. Coating crosscut is formed by
intermetallic phases that can cause decrease in the level of anticorrosion protection. This results from an iron diffusion from the
base material. Goal of this paper is to analyse the changes in the mechanical properties of these phases in relation to zinc coating
heat treatment. For the experiment, annealing temperatures of 200 °C and 300 °C were used, and the staying time was setat 1, 3
and 5 hours. Furthermore, samples without any heat treatment were subjected to comparison as well. Moreover, following tests
were conducted: bending test in compliance with the CSN EN ISO 1519 standard, and tearing test (in accordance with the CSN EN
ISO 4624 standard). On the basis of performed tests, the changes in mechanical properties of the zinc coating after heat treatment

could be analysed.

Keywords: annealing; structure; mechanical degradation; hot-dip galvanizing

Use of anticorrosion protection requires the knowledge of
the basic principles of corrosion processes and the mechanics
of individual corrosion types, as well as anticorrosion
protection. Chemical reaction with the elements from the
corrosive environment turns metal into a solution identical
or similar to the one it was originally produced from. For this
reason, anticorrosion protectionisindispensable (Trethewey
and Chamberlain, 1995; Tulka, 2005).

General emphasis aimed at corrosion prevention has
been constantly rising. Such a trend can be seen especially
in surface treatments of steelworks in civil engineering,
agriculture and machinery industry. Zinc coating of
individual steelworks has a long tradition. These steelworks
are assembled together; therefore, the zinc coating forms
the only corrosion prevention of the entire assembly. In
order to improve the corrosion prevention, paint can be
used (Ci¢o et al., 2011; Votava and Kumbar, 2017). A properly
used paint system does not only improve the corrosion
prevention, but also modifies the visual appearance of the
entire assembly. Drawback of such surface measures is that
the upper layer can crack and peel because of bad paint
fixation to the zinc coating.

Cracks in the paint system hold in air humidity which
condensates on the zinc coating surface, which results in
a chemical reaction generating ZnCO;. Duplex corrosion
protection of welded joints is thus highly relevant for this.
In case of corrosion protection failure, the weld is always a
potential place for initiation of a corrosion macrosegment
(Cico et al,, 2006; Polakova and Dostal, 2019).
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Zinc coatings may become subjects of mechanical
degradation during and after their heat treatment. One
of the reasons for inclusion of heat treatment to the
production process lies in elimination of H2 from the base
material. Hydrogen comes to the base material by diffusion
in the process of preliminary treatment, such as staining,
degreasing. Therefore, heat treatment prevents hydrogen
brittleness. The dominant layer in the anchoring profile is
formed by phases Gamma and Gamma-1, which are both
very hard and fragile at the same time, which can cause
the occurrence of coating delamination even under a low
mechanical stress.

Individual intermetallic phases grow into a whole
coating profile not only during the targeted heat treatment
of zinc anticorrosion coating but also during everyday
service heat stress. As a result, the ratio of the pure zinc
decreases at the expense of massive growth of Zeta phases,
thereby mechanical and anticorrosion properties of the
whole coating may be reduced. However, the base material
to which the zinc coating is applied also plays a significant
role (Votava et al., 2018).

The anticorrosion capacity of the whole system may
be harmed due to heat treatment of anticorrosion zinc
coatings. The reason for heat treatment is the possibility of
“dehydrogenation” of the base material (Fiala et al., 2003;
Machek, 2013), which results in elimination of potential
cracks originating in subsurface layers of the steel part.
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The experiment was executed on specimens made of steel
sheet of the quality S235JRG1; the sheet size was 160 x
65 mm and the sheet thickness was T mm. Before the zinc
dipping, the samples were degreased and steeped.

Tested samples were hot-dip galvanised under the
laboratory zinc plating conditions. Degreasing of samples
was performed in aqueous solution of HCl, the bath
temperature was 50 +2 °C and samples were dipped for 120
s. The zinc coating was composed of ZnCl, and NH,CI. The
temperature of the galvanising bath was 450 +5 °C. In order
to improve foundering performance, the galvanising zinc
bath was alloyed by 2% of pure aluminium. Such aluminium
ratio is considered to improve the coating anticorrosion
properties (Votava, 2014). Pure zinc formed 98% of the bath.
The galvanizing bath was made of graphite.

After removing from the galvanising bath, samples were
gradually cooled in air. The thickness of the zinc coating
substrate is highly dependent on the time during which
the component remained in the zinc bath. According to the
experimental measurements, the period of 120 s results in
coating thickness of approx. 65 pm.

Subsequently, the specimens were heat treated in
a muffle furnace MP-05 at the temperatures of 200 and
300 °Cfor 1,3 and 5 hours; the speed of run-up temperature
was lower than 30 minutes. There were always six
samples in each group. These samples were subjected to
metallographic analysis and the changes of intermetallic
phases were observed.

Tests were processed in compliance with the following
standards:

- CSNENISO 1519 Bend test (cylindrical mandrel);
— CSN EN ISO 4624 Pull-off test for adhesion.

Measuring the zinc-coat thickness

The zinc coat layer thickness was measured non-
destructively by means of Permascope device, operating
on the principle of contacting measurement; the thickness
of the upper deposited layer on the original material was
determined digitally. Average values of zinc coat thickness
are listed in Table 1. The measurement accuracy of the
metallographic specimen was checked using the computer
programme analysis, metallographic microscope with 500
times magnification. Metallographic specimen is shown in
Fig. 1.

Fig.1 Cross-section of the zinc layer with marked measured
values

On the basis of metallographic observations, it can
be concluded that the upper layer is formed by pure zinc.
However, the zinc layer is uneven, yet the connections of
intermetallic phases with the surface are just isolated.

As it is apparent from Fig. 1, pure zinc forms c. 10 um
of the upper layer of the anticorrosion coating. The Fig. 1
also nicely shows the phase Zeta (FeZn,s), for which long
monoclinic crystals are typical. These crystals are visible
after a slight etch of the surface.

Measuring the microhardness of intermetallic
phases of the zinc coat

Using the HV method, the microhardness was measured
by means of Hanneman'’s microhardness tester, with the
connection with Neophot 21 microscope. The indentor
with top angle of 136° was pressed to the material at the
pressure of 0.1 N (Skalova et al., 1995). There were tested
not only the heat-treated specimens but also those with
no heat treatment (Fig. 2) for the purposes of comparison
of potential differences. From among the heat-treated
samples for both temperatures, three samples with 5-hour
heat exposition (maximal phases growth) were analysed.
Measured values are listed in Table 2.

On the basis of measurement results, it can be concluded
that the bigger and/or longer the heat treatment, the
higher the microhardness (Table 3). Changes in mechanical
properties can be caused by diffusion of ferrum from
the base material to the zinc coating (Zmrzly et al., 2005).
However, the disadvantage of this process lies in lowering of
the anticorrosion protection of the inorganic coating. Under

Table 1 Average thickness values of zinc coatings (um)
Group of specimens Annealing time Average zinc-coat
Annealing temperature 1 hour 3 hours 5 hours thickness (um)
200°C 54.25 53.16 54.24 53.88
300°C 55.18 55.45 54.29 54.97
Samples without heat treatment were measured in three sets 53.15




pure zinc

Delta phase FeZn,,

Zeta phase FeZn,,

Gamma; Gamma-1
phases - FesZn,, Fe;Zn,,

Fig. 2

Intermetallic phases in a zinc coating

corrosion stress, one can assume that zincions will be drawn
faster, resulting in more rapid occurrence of red corrosion
(Popov, 2015).

Bending test

Bending experiment was conducted in compliance with
the CSN EN ISO 1519 standard and carried out utilizing the
Elcometer 1506 cylindrical mandrel bend tester. There were
taken two mandrels; the first had 10 mm in diameter and
represented a severe bending load. The second bending
pin had 32 mm in diameter and simulated a low bending
load. The results presented in Table 4 are after 5-hour heat
treatment.

According to Kuklik and Kudlacek (2014), it is possible
to identify cracks and further delamination of zinc coating
in the phases Gamma and Gamma-1. Considering the tests
performed, this hypothesis can be proven true. It can be

200 °C, mandrel 32 mm

300 °C, mandrel 32 mm

Fig.3 Cracksin the zinc coating originating from the bending
test according to CSN EN ISO 8401

also stated that the massive crack growth can be seen after
a 3-hour heat treatment. Such a short time is sufficient for
initiation of the diffusion process. According to Adelmann et

Table 2 Microhardness of intermetallic phases of the zinc coat (HV) without heat treatment
1 2 3 Average (HV, ;) | Standard deviation (HV,,) | Variation coefficient (%)
Gamma * * * * * *
Delta 364 378 397 379.67 13.52 3.56
Zeta 222 201 236 219.67 14.38 6.55
Zinc 67 60 61 62.67 3.09 493

* By using this kind of measuring method, it was impossible to measure the microhardness for the Gamma and Gamma-1 phases. These phases can
only be measured by a nanoindentor and using electron microscopy. It can be concluded that these phases showed higher microhardness than

the Delta-phases

Table 3 Change in microhardness of phases Delta and Zeta depending on heat treatment
Heat treatment Phase 1 2 3 Average Standard Variation
(°C) (HV,,) deviation (HV,,) @ coefficient (%)
Delta 376 357 381 371.33 10.34 2.78
200 Zeta 222 201 241 221.33 16.34 7.38
Delta 440 455 450 448.33 6.24 1.39
300 Zeta 265 270 294 276.33 12.66 4.58
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Table 4 Results of bending experiment
Heat treatment Mandrel diameter 10 mm Mandrel diameter 32 mm
Zero heat - the samples showed cracks of an average width - there were no cracks caused by the bending test
treatment of 18 um
200 °C - the average width of cracks was 23 um - small cracks of approx. 5 um were shown
- specimens annealed at temperature exceeding - there were shown microcracks of 10-15 pum (see
o 200 °C showed significant changes in mechanical Fig. 3) in the coating due to the minimal mechanical
300 °C .
properties, there were severe defects. The average stress (mandrel 32 mm)
width of cracks was 45 um
Table 5 Pull-off test according to CSN EN 1SO 4624 standard
Heat Time (hour) Measurement Average Standard Variation
treatment (MPa) deviation (MPa) | coefficient (%)
no.1(MPa) @ no.2(MPa) | no.3(MPa)

1 12.9 12.8 12.7 12.80 0.082 0.64
200°C 3 12.5 129 12.4 12.60 0.216 1.71

5 124 12.9 12.1 12.47 0.330 2.65

1 13.5 13.6 13.6 13.57 0.047 0.35
300°C 3 134 13.7 134 13.50 0.141 1.05

5 14.2 14.1 14.5 14.27 0.170 1.19
Zero heat treatment 125 134 13.8 13.23 0.544 412

laboratory temperature

al. (2010), the zinc coating may be peeled off. However, this
was not proven true. The test implies that the limit border
temperature is 200 °C.

As it is apparent from Fig. 3, the cracks may expand
both in vertical and horizontal levels. Even though the
anticorrosion coating belongs to cathodic protection of
base metals, microcracks in the coating significantly lower
its service life. Microcracks due to higher heat treatment can
be eliminated by specific chemical composition of the zinc
bath (Korber et al., 2012).

Pull-off test

The ability of the anticorrosion system to withstand
dynamic and static stress is one of the criteria for the quality
evaluation of protective coatings. In this respect, one of the
most important characteristics is the adhesion between
the anchoring profile of the base material and the coating
substrate (Votava et al., 2016).

Anticorrosion system adhesion was determined
according to the CSN EN ISO 4624 standard. This standard
establishes the procedure for pull-off testing in single-
layered and multi-layered coating systems. Test result is
determined by the tension in pulling required to damage
the weakest boundary (adhesive failure) or the weakest
component (cohesive failure) of the tested object. Adhesion
analysis of individual anticorrosion systems was preformed
immediately after complete drying of the anticorrosion
coating. The delay was set at 48 hours. Test results are shown
in Table 5.

On the basis of pull-off test results (Table 5), higher
firmness of the coating after heat treatment was confirmed.
The highest firmness values were reached by samples
annealed at the temperature of 300 °C for 5 hours.
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Despite the higher material firmness thanks to the higher
temperature of the heat treatment, there can occur
microcracks, which lead to degradation of the coating as
shown in the bending test.

Conclusion

The objective of this article was an assessment of
deterioration of mechanical characteristics depending on
heat-treating process of the upper zinc layer. Temperatures
of 200 and 300 °C and annealing times of 1, 3 and 5 hours
were observed in this experiment in terms of changes in
microhardness of the phases in regards to both exposure
time and temperature.

Emphasis should be given to the fact that fragile
Gamma-phase grew in samples with 3- and 5-hour
annealing time (Gamma-phase as such is the origin of
cracks caused by mechanical stress). This proposition was
confirmed during the bending test according to the CSN EN
ISO 1519. Furthermore, on the basis of results of the other
tests, it can be stated that heat treatment of zinc coatings
results in higher firmness, yet in lower tenacity at the same
time as well.

The Gamma-phase detachment from the original surface
can be easily seen during the metallographic observations.
The Gamma and Gamma-1 phases always occur during
the heat treatment; therefore, it is necessary to focus on
their elimination. According to the scientific literature, the
elimination of fragile phases is quite difficult. The basis is the
chemical composition of galvanized steel. Heat treatment of
hot-dip galvanized zinc coatings can be recommended for
machine parts, in which it is necessary to dehydrogenize the
base material. Dehydrogenization is a process eliminating
hydrogen brittleness and the origin of cracks in the base



material. However, the annealing temperature should not
exceed 200 °C. Exceeding this temperature increases the
risk of horizontal and vertical cracks in the anticorrosion
coating. Due to this, the individual parts should not be
subjected to increased dynamic stress. On the other hand,
it is not recommended for parts which could be subject to
temperature exceeding 200 °C.
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MICROSTRUCTURES AND ELEMENTAL DISTRIBUTION OF MAGNETIC
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There is a scarcity of studies on the use of magnetic field for food pretreatment, especially in relation to a knowledge on the
pretreatment at the level of microstructures and elemental distribution of food. Therefore, the effect of magnetic field pretreatment
on the microstructures and elemental distribution (Na, K, Ca, Mg and Fe) of fluted pumpkin leaf was studied. Three types of
magnetic field (static, pulse and alternating) in combination with varying magnetic field strength (5-30 mT) and pretreatment
time (5-25 min) were used as variable factors. Fresh (untreated) and blanched samples were used for experiment control. After the
pretreatment, all samples were dried at 50 °C and analysed in terms of microstructure and elemental distribution using scanning
electron machine. Results showed that fresh and blanched samples of fluted pumpkin leaf exhibited microstructural features that
were clearly different from samples pretreated by magnetic field. Pretreated samples showed contents of: 1.3-4.35% sodium;
1.20-3.42% potassium; 1.19-6.10% calcium; 0-5.10% magnesium and 1.22-6.62% iron. Changes in microstructures of samples
caused by magnetic field pretreatment led consequently to better retention/improvement in elemental distribution in contrast to

blanched and fresh samples in majority of cases.

Keywords: non-thermal processing; vegetables; effect; electromagnetism; thermal processing

Fluted pumpkin leaf (Telfairia occidentalis) is a leafy
vegetable that has high nutritional and medicinal values
(Ndor et al., 2013). It is referred to as “ugu” among the Igbo
ethnic group of Nigeria (Odewole et al., 2015) and the name
has been popularly adopted for use across most parts of
Nigeria. Fluted pumpkin leaf can improve haematological
parameters, has anti-inflammatory and anticholesterolemic
properties (Obeagu et al., 2014). The leaf has microstructures
just like any other vegetables (Verboven et al., 2018b).

Food microstructure is the organization and interaction
of food constituents resulting in a particular microscopically
visible spatial partition of different material phases
(Verboven et al.,, 2018a). Rejaul et al. (2018) defined the
food microstructure as the arrangement of its architectural
elements into organized structures either naturally or
through processing. Food microstructure was also reported
as the architectural view of food at submicroscopic levels;
and it helps to better understand the internal behaviour
of processed food, as well as when new products are to be
developed and during quality control operations (Rejaul et
al., 2018).

Foods nutrients are ingested in the form of
microstructures that can be as small as nanometres and up
to a few millimetres in size (Troncoso and Aguilera, 2009).
Microstructural studies help in the establishment of the
relationship that exists in composition, processing and final
properties of many food products (Heertje, 1993).

Contact address:

Food pretreatment involves taking necessary steps in
order to maintain the desired properties or nature of food
for as long as possible and to ensure the consumption of
food with high nutritional values (Rahman and Perera,
2007). Both processing and pretreatment affect the food
microstructures either by destroying the original food
structures or creating new ones. Pretreatment as one of
the unit operations in food processing has the tendency of
modifying the microstructures and elemental composition
of food. With the use of SEM (scanning electron machine),
Vodal et al. (2012) reported that blanching pretreatment
did not affect the pore size distribution of freeze-dried
winter carrot. Dhawi et al. (2009) pretreated the seedlings
of date palm with static magnetic field (SMF) of strength
from 10 mT to 100 mT for 30-360 min. Elemental analysis
of the date palm leaf with inductive couple plasma (ICP)
spectroscopy showed increase in the concentrations of
Ca, Mg, Mn, Fe, Na, K, and Zn; however, phosphorus (P)
concentration dropped with increase in SMF strengths
and exposure duration. Antonio et al. (2008) used SEM to
confirm the formation of pores within the microstructure
(tissue) of sweet potato treated with osmotic dehydration.
Starodubtseva et al. (2018) pretreated winter wheat
seeds with pulsed electric field of up to 2,500 V-m™ field
intensity, 50 ps pulse duration and 600 Hz pulse frequency;
finally, it was observed that the seed moisture content
increased from 10% to 13.5% with corresponding mass
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increase of approx. 23.8%. Moreover, Otero et al. (2000)
used histological technique to evaluate modifications
in the microstructures of peach and mango. The results
showed that both products maintained their original
tissue structures to a great extent. Askari et al. (2004)
investigated the effect of hot air drying and microwave
drying methods on microstructural changes of apple slices
as further processing steps to osmotic pretreatment in
sucrose solution (60% w/w). The microstructure revealed
resistance of microstructures to damage and increase in
porosity of the products. Food pretreatment/processing
methods can be broadly classified as conventional and
non-conventional (Neetoo and Chen, 2014); both methods
have thermal and non-thermal examples. Conventional
methods include those that are commonly used, such as:
blanching, salting, thermal pasteurization and sterilization.
Non-conventional methods are scarcely used and referred
to as novel or emerging methods in food processing. Some
typical examples include: high hydrostatic pressure, pulsed
electric field, microwave heating, ohmic heating, sous vide
method, irradiation, pulsed light (Neetoo and Chen, 2014)
and magnetic field (Barbosa-Canovas et al., 2005). Emerging
non-thermal technologies focus on the production of higher
quality food in contrast to heat-treatment methods as well
as on decrease in the processing costs and value addition to
the product (Barbosa-Canovas et al., 2005).

A magnetic field is defined as a region of space in which
a magnetic body is capable of inducing the surrounding
bodies (Barbosa-Canovas et al., 2005) either with permanent
magnet or temporary magnet (electromagnet). Magnetic
fields are classified as of low or high intensity according
to their relative strength; as homogeneous or non-
homogeneous according to the variation of intensity over
space; as static or pulsed according to time interval (Kovacs
et al., 1997). Use of magnetic fields as a non-thermal food
processing method was first proposed in 1985 (Barbosa-
Canovas et al., 2005). Electromagnetic technologies in food
processing have attracted increased industrial interest,
because they represent a potential replacement of certain
thermal food processing methods and can enhance other
beneficial factors for food processing (Rahman and Perera,
2007). It was reported in ICNRIP (2009) that all the studies
conducted so far did not give convincing evidence of the
harmful effects of magnetic fields on living things. However,
these guidelines suggest the acceptable exposure limit for
different parts of human body: 2-8 T for head, torso and
limbs, and 400 mT for any other part of the body.

Basic theory governing the use of magnetic field for
food pretreatment could be adapted or assumed from the
submission of Dhawi et al. (2009) stating that living cells
have charges exerted by ions or free radicals which act as
endogenous (internal) magnets; these can be affected by
exogenous magnet or an external magnetic field from either
permanent magnet or electromagnet. This interaction
would cause the naturally unpaired electrons (or scattered
ions) present in the internal parts of food materials to be
rearranged in uniform manner. Similarly, Ordonez and
Berrio (2011) came to conclusion that biological membranes
exhibited a strong orientation in magnetic field (MF) and the
ions in them were responsible for the transmission of the
effects of the MF treatments to various parts of the materials.

Michael Mayokun Odewole et al.

Vegetables are living things, and hence contain cells; when
harvested, their cells do not die immediately. These cells
(which contain ions in them) would interact with an external
magnetic field, resulting in the assumed modification of the
microstructures leading to different responses of elements
(minerals) present in the food product after exposure for
a certain period of time. Several researchers (Hayder et al.,
2015; Lipiec et al., 2004; Ordonez and Berrio 2011; Jia et al.,
2015; Kyle, 2015; Ibara et al.,, 2015) have used magnetic field
to carry out food processing. Few research works on the
use of magnetic field to pretreat/process food are available
and there has seemed to be a scarcity of information on
the microstructures of food processed with magnetic
field, and relationship between food microstructures and
their elemental distribution. Therefore, the objective of
this study was to investigate the effect of three types of
magnetic fields (static magnetic field (SMF); pulse magnetic
field (PMF); and alternating magnetic field (AMF)), varying
magnetic field strength (5-30 mT) and various pretreatment
times (5-25 min) on the microstructures and elemental
distribution of fluted pumpkin leaf. The outcome of this
research is a relevant reference point for future similar
studies.

Material and methods

The following materials and equipment were used:
a magnetic field (MF) pretreatment device; electronic
weighing balance (OHAUS, Model 201, China); laboratory
oven (Model SM9053, England); desiccator; scanning
electron machine (JEOL, JSM-7600F, Japan); and fresh
samples of fluted pumpkin leaf (FPL).

Fresh samples of FPL were procured, sorted, washed,
cut, measured with the electronic weighing balance and
pretreated using the MF device. Three types of magnetic
fields (SMF, PMF and AMF) were used in combination with
magnetic field strengths within the range (5-30 mT) and at
pretreatment time (5-25 min). Fresh and water blanched
samples of FPL were used for control purposes. After the
pretreatment operation, all samples were immediately dried
at 50 °C inside the laboratory oven for approx. 1 hour to an
average moisture content of approx. 10% (db) and were
taken for microstructuraland elemental distribution analyses
with the use of SEM. The experiment was conducted at the
Food Engineering Laboratory of University of llorin, Nigeria
in December 2018. The average laboratory temperature
and average laboratory relative humidity during the drying
process were 31 °C and 61%, respectively.

Results and discussion

Microstructures of MF pretreated
fluted pumpkin leaf
Figs. 1(a-h) show the microstructures of FPL samples
pretreated with SMF, PMF and AMF, as well as fresh and
blanched samples. As it can be observed from the figures,
fresh and blanched FPL samples (Figs. 1 h and g) exhibited
microstructural features that are clearly different from MF
pretreated samples (Figs. 1 a—f). This is an early indication
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Fig. 1b (i) Microstructure of FPL at SMF (19 mT and 15 min)
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Fig. 1c (i) Microstructure of FPL at SMF (30 mT and 25 min)
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Fig. 1a (ii) Microstructure of FPL at PMF (8 mT and 5 min)
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that the three types of magnetic field used for pretreating the
products caused different effects on their microstructures.
These observations might be due to the fact that SMF, PMF
and AMF have different wave patterns and characteristics.
SMF is generated with full rectification of alternating current
(AC) and its wave pattern is an approximated unidirectional
straight line along the positive x-axis of voltage (V) versus
time (t) graph. PMF is achieved with partial rectification of

g
Pressure
90Pa
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9:25:23AM 10.6MM 12,000 15K\ 120um 150um

-

1/22/2019 WD Mag  Hy
:58:20AM  10.4MM 12,000 15KY 120um

HFW Pressure

90Pa 15um

Fig. 1g Microstructure of FPL for blanched

AG; it is also unidirectional along the positive x-axis with
formation of distinct ripples. On the other hand, the AMF
is generated when the raw alternating current is flowing;
it has the frequency with sinusoidal wave pattern (Bird,
2010); hence, it is non-unidirectional, that is, its wave moves
across both the positive and negative horizontal axes of the
voltage-time graph.

The microstructures obtained for the MF pretreated
FPL samples could be described as puffy: SMF (30 mT and
25 min) - Fig. 1c (i); partially serrated: SMF (19 mT and
15 min) - Fig. 1b (i); with wood bark pattern: PMF — (8 mT
and 5 min) — Fig. 1a (ii); with collapsed interlocks: (14 mT
and 25 min) - Fig. 1f; with burst puff: AMF (9.5 mT and
15 min) - Fig. 1e; and other patterns that cannot be easily
described with high level of certainty. The fresh sample
(Fig. 1h) showed multiple clusters of visible spikes, and
this pattern did not occur in any of the SMF, PMF, AMF
pretreatment combinations, nor the blanched samples (Fig.
1g). Antonio et al. (2008) used SEM to confirm the formation
of pores within the microstructure (tissue) of sweet potato;
this was achieved when a study on osmotic dehydration
and high temperature short time (HTST) pretreatment
of sweet potato together with convective drying was
conducted. Furthermore, Vodal et al. (2012) reported
that blanching process was unable to affect the pore size
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Table 1 Elemental distribution of MF pretreated, blanched and fresh FPL samples

Magnetic field types Na (%)
SMF (8 mT and 5 min) 1.30
PMF (8 mT and 5 min) 2.70
SMF (19 mT and 15 min) 2.80
PMF (19 mT and 15 min) 2.00
SMF (30 mT and 25 min) 2.96
PMF (30 mT and 25 min) 3.65
AMF (5 mT and 5 min) 435
AMF(9.5 mT and 15 min) 3.09
AMF (14 mT and 25 min) 2.20
Blanched 5.10
Fresh 2.90

K (%) Ca (%) Mg (%) Fe (%)
2.70 5.20 3.70 3.90
1.30 2.40 5.10 2.00
2.15 1.61 3.24 3.20
1.20 1.20 = 2.00
2.77 2.10 2.80 6.62
1.95 1.19 = 2.40
217 1.60 3.25 1.22
3.42 2.28 1.90 1.43
1.40 6.10 2.10 6.00
217 3.60 1.25 6.20
1.70 4.40 0.80 2.60

SMF - Static magnetic field; PMF - Pulse magnetic field; AMF - Alternating magnetic field

distribution of freeze-dried winter carrot utilizing the SEM.
Moreover, it was reported that no damage was inflicted to
the microstructures of apple slices pretreated with osmotic
sucrose solution coupled with drying; however, an increase
in porosity was observed (Askari et al., 2004).

Elemental distribution of MF pretreated
fluted pumpkin leaf

Table 1 presents the elemental distribution in samples
at different combinations of the MF pretreatment and
comparison of these samples with control samples (blanched
and fresh samples). There are variations in the elements in
the product at different MF pretreatment combinations.
Each MF pretreatment combination led to different values
of elements obtained in contrast to other MF pretreatments,
as well as to blanched and fresh samples. This observation
might be a result of different characteristics of the three
types of magnetic field used (Bird, 2010); it is possible
that different structures and forms, in which each element
naturally exists within the vegetable, have influenced their
behaviour in the MF pretreatment; however, the true reason
for this might yet to be identified.

Furthermore, from the table, sodium (Na), potassium
(K), calcium (Ca), magnesium (Mg) and iron (Fe) were
observed to have the lowest and highest respective values:
1.2-4.35% (fresh — 2.9% and blanched - 5.10%); 1.30-3.42%
(fresh — 1.70% and blanched - 2.17%); 1.19-6.10% (fresh —
4.40% and blanched - 3.60%); 0-5.10% (fresh — 0.80%
and blanched - 1.25%) and 1.22-6.62% (fresh - 2.60%
and blanched - 6.20%). The lowest and highest values of
elements in the stated ranges for the MF pretreatment were
obtained at SMF (8 mT and 5 min) and AMF (5 mT and 5 min)
for Na; PMF (19 mT and 15 min) and AMF (9.5 mT and 15 min)
for K; PMF (30 mT and 25 min) and AMF (14 mT and 25 min)
for Ca; PMF (19/30 mT and 15/25 min) and PMF (8 mT and 5
min) for Mg and AMF (5 mT and 5 min) and SMF (30 mT and
25 min) for Fe. Dhawi et al. (2009) pretreated the seedlings of
date palm with static magnetic field (SMF) of strength from
10 mT to 100 mT for 30-360 min. Date palm leaf elemental
analysis utilizing inductive couple plasma (ICP) spectroscopy
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showed increase in the concentrations of Ca, Mg, Mn, Fe, Na,
K, and Zn; however, phosphorus (P) concentration dropped
with increase in SMF strength and exposure time.

Conclusion

Non-thermal magnetic field pretreatment caused various
changes in the microstructures of fluted pumpkin leaf. In
majority of cases, this consequently led to better retention/
improvement of elements (minerals) present in fluted
pumpkin leaf in comparison to blanched and fresh samples.
The magnetic field pretreatment caused the fluted pumpkin
leaf to have 1.3-4.35% sodium (Na); 1.20-3.42% potassium
(K); 1.19-6.10% calcium (Ca); 0-5.10% magnesium (Mg) and
1.22-6.62% iron (Fe). Therefore, magnetic field is a possible
non-thermal pretreatment alternative that can be explored
for the replacement of blanching (a thermal pretreatment).
For future research works, shelf life studies of the processed
products using different packaging materials and storage
conditions, as well as optimization of the process for
selection of the best combination of magnetic field
pretreatment factors are recommended.
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THE EFFECTS OF TILLAGE AND FERTILIZERS ON GROWTH CHARACTERISTICS
OF KABULI CHICKPEA UNDER MEDITERRANEAN CONDITIONS
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Maryam MOHAMADZADEH', Viorel ION?
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Mediterranean semi-arid region is sensitive to physical, chemical and biological soil disturbances related to intensive tillage.
Presented field experiment was conducted at Razan district, Hamedan, located in central west zone, Iran during the 2017-2018
growing season. It dealt with the effects of different tillage methods and treatments on growth, yield and yield contributing
characters of spring Kabuli chickpea (Cicer arietinum L.) under irrigated condition. Effects of two tillage methods - inversion tillage
(mouldboard ploughing - T1) and non-inversion tillage (chisel ploughing - T2) — in combination with five different fertilization
treatments (C: complete fertilizer; 20FYM: 20 Mg-ha™' farmyard manure; 40FYM: 40 Mg-ha™' farmyard manure; NPK: nitrogen,
phosphorus, and potassium at 2-1-1 ratio; 0: no fertilizer for the control purposes) were studied. The experiment was carried out in
split block design with three replications. Results showed that application of 40FYM under T1 condition significantly decreased the
number of days to seedling emergence. The highest number of days to flowering was recorded for plants cultivated with inorganic
fertilization and reduced tillage. Application of large amounts of FYM significantly increased the ground cover and canopy width for
both tillage methods. The highest number of secondary branches was recorded for combination 40FYM -T1, which was followed
by C - T2. The pod number per plant was considerably sensitive to different combination of treatments and the best results were
recorded for combinations 40FYM -T2; 20FYM —T2; and 40FYM -T1. A similar trend was also recorded for the total dry matter. The
heaviest seeds were observed in cases with the application of high levels of FYM. The highest seed yield was observed for plants
cultivated using 40FYM - T2. Furthermore, the highest harvest index was recorded for 40FYM -T2, and C - T2. The results indicate

that non-inversion tillage together with high- level FYM application can significantly affect the yield levels.

Keywords: reduced cultivation of chickpea; plant growth; soil organic matter; chemical fertilizer; seed yield

Soil degradation represents one of the most significant
issues in terms of maintaining the soil quality and ensuring
of food production in the years to come. Soils contain the
largest terrestrial carbon pool that is sensitive to climatic
changes, as well as changes in utilization of land and
agricultural management methods, such as tillage and
fertilization (Haddaway et al., 2017). However, various
types of human activity can significantly affect the soil
organic matter (SOM) pool and thus may decrease the
SOM contents and biological activity. If the organisms
responsible for decomposition of SOM and binding of
soil particles extinct in the soil, soil structure can be easily
damaged by rain, wind, etc. This can lead to rainwater
runoff and soil erosion, resulting in elimination of potential
food for organisms, i.e. the topsoil organic matter (Bot and
Benites, 2005).

Soil structure is defined as the manner in which the
primary soil particles (sand, silt and clay) are combined
and arranged with other solid soil components to form
clumps or aggregates; one of the modifiers of soil structure
is tillage practice (Shirani et al., 2002). Although soils are
tilled principally to reduce weed population, the main

Contact address:

aim of soil-manipulating activities lies in stabilization
and improvement of crop production. Therefore, selection
of the best tillage method, which would be consistent
with the conditions, has always been of the greatest
interest of agricultural researchers. Although the effects of
different tillage intensity have been investigated in some
semi-arid Mediterranean regions, its effects have not yet
been fully interpreted. This is partly due to the fact that
the type of tillage practice and its severity considerably
affects other soil properties, such as soil moisture content,
the availability of elements, etc. Hence, it is necessary to
evaluate tillage methods in terms of different management
conditions.

It has been examined that after green revolution, the
rate intensity of SOM loss increased considerably. The most
important factors affecting this issue include: replacement
of mixed vegetation with monoculture of crops and
pastures; high harvest index; use of bare fallow; burning of
natural vegetation and crop residues; overgrazing; removal
of crop residues; drainage and increased amount of fertilizer
and pesticide application (Said-Pullicino et al., 2016). Tillage
treatments directly or indirectly influence soil hydraulic
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properties, such as water infiltration, etc., which determine
the ability of the soil to capture and store water through
precipitation or irrigation (Blanco-Canqui et al, 2017;
Abbaspour-Gilandeh et al., 2018).

Application of farmyard manure and mulching are
considered effective management for semi-arid region and
crop cultivation (Kihanda et al., 2007). Organic manure,
such as farmyard manure, municipal solid waste, etc., has
been utilized as a source of nutrients and organic matter
for plants suitable for enhancement of fertility conditions of
agricultural lands for a long time (Dao and Cavigelli, 2003).
It has been shown that its rational application enhances the
water infiltration, water retention, soil water contents, grain
yield, and rainfall use efficiency (Cui et al., 2014; Wang et al.,
2016). All in all, the improvement in the physical, chemical,
and biological properties was achieved by incorporated
manures into soils. Multiple studies have shown the
beneficial effects of animal manure on soil structural quality,
including reduced bulk density, increased porosity, increased
water absorption rate, saturated hydraulic conductivity and,
etc. (Hati et al., 2006; Fares et al., 2008).

Current tillage methods utilized in semi-arid region
of Iran can be divided into two broad groups: inversion
tillage and non-inversion tillage. The former is considered
a conventional tillage whereby a sequence of operations
is applied to make ready a seedling growth zone including
complete soil inversion to bury or incorporate crop residues
and is usually accompanied by additional mouldboard
ploughing (Cooper et al., 2016). The latter is also known
as reduced tillage practice (RT), which minimizes the
soil disturbance with targeted and appropriate soil
disturbance on the basis of specific field needs, meaning
that it is necessary to exercise fewer passes in contrast to
conventional tillage, but it incorporates the crop residues
into the surface (upper 0.1 m) whilst still leaving at least
30% of crop residues on the soil surface (Davies and Finney,
2002). RT methods have the potential to highly improve the
soil quality and to reduce soil loss by providing protective
crop residues on soil surface, as well as to improve water
conservation by decreasing evaporation losses (Morris et al.,
2010).

Understanding the changes in plant growth properties
under conditions of different tillage methods and fertilizers
is important to soil water content and soil nutrient
management (Gilinal et al., 2018). However, lack of data on
interactions of soil tillage and fertilizers effects limits the
recognition of the efficiency of tillage method on plant
growth parameters. Therefore, thisinformationis particularly
necessary in the regions with scarce SOM for the purpose
of crop production and inappropriate soil conditions
are one of the limiting factors for the crop cultivation. Due to
the economic and social conditions of semi-arid regions, the
use of long-term methods requires the awareness of farmers
and their focus on the short-term benefits. The short-term
effects of non-inversion tillage along with different fertilizer
applications on chickpea performance have scarcely
been studied in Iran. The objective of this study was to
determine the effects of conventional and RT practices
on chickpea yield in a clay loam soil under Mediterranean
climate.

Mojtaba Nouraein et al.

Material and methods

This study was conducted at a research farm in Razan,
Hamedan province, Iran (latitude 35.39° N, longitude 49.03°
E, altitude 1,803 m above sea level) during the 2017-2018
growing season. The location was in the west central part of
Iran. The weather is cold and cooler in contrast to other cities
in this province. However, summer weather was moderately
cool with mean annual temperature 11 °C. The average city
annual rainfall was estimated at 350 mm; this mountainous
region is generally considered to be moderately cold.
According to the Koppen climate classification, location
climate is BSk — semi-arid moderate (Peel et al., 2007). The
experimental design was a factorial arrangement in the
form of randomized complete block design with three
replications. Treatments included two tillage methods (T)
(T1 is mouldboard ploughing with average depth of 0.3 m
plus two repetitions of shallow disk harrowing as inversion
tillage method; T2 is chisel ploughing with average depth
of 0.15 m plus two repetitions of shallow disk harrowing as
non-inversion tillage method) assigned to the main plot.
Subplots were treated using five different fertilizers, i.e. C
(10% N, 52% P, 10% K, 3.50% S, 0.12% Fe, 0.05% Zn, 0.03%
Cu, 0.05% Mn, 0.03% B in recommended dose); 20FYM;
40FYM; NPK (provided from urea, triple superphosphate,
potassium sulphate); 0. Six soil samples were prepared
from specimens taken at standard depths ranging from 0 to
0.3 m and a composite sample was sent to the laboratory for
chemical analysis after mixing. The soil from experimental
site was a clay loam soil and it contained 21% sand, 36% silt
and 43% clay. The soil showed low organic carbon content
(0.41%) with a pH value of 7.54 and total nitrogen and
CaCO, contents of 0.129% and 14%, respectively. Electrical
conductivity (EC), as well as iron, manganese, copper,
zing, and potassium contents of the soil were measured at
1.38 dss\m™, 0.79 ppm, 0.61 ppm, 0.41 ppm, 0.43 ppm, and
428 ppm, respectively. Chickpea (Cicer arietinum L.) seeds
cv. “Arman” were planted on 30 April 2018 and harvested
at full maturity stage. Each plot included sixteen rows, 4 m
long and spaced at 0.25 m. Seeds were sown 0.05 m apart.
Considering the land management, a wheat-chickpea-
fallow rotation was applied as a common rotation system
in the region. The field, as part of the entire farm, had been
managed for 2 years as fallow.Tillage and manure application
were performed in February. Planting was carried out one
month after manure application. Sprinkler irrigation was
applied in 3-7-day intervals. Two seeds were sown per hill
and these were thinned to only one seedling per hill after
germination. Throughout the entire experiment, pests or
diseases did not attack the plants.

Weeds were eliminated by frequent hand weeding.
In order to ensure uniform germination, the plot was
immediately irrigated after planting. Subsequently, it
was irrigated for four times during the growth period.
Phenological growth phases were monitored at 1-2-day
intervals throughout the season and time to 50% flowering,
number of days of vegetative growth period, and number of
days to maturity were recorded for each treatment. Canopy
width was calculated by measuring the length and breadth
of canopy surface for each plant, on the basis of which
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the mean canopy width was computed and expressed in
centimetre, assuming the canopy is rectangular in shape.
Plant freshness and weight, biological yield per plant, seed
yield, as well as harvest index were measured from a 2.0 m?
harvest area from the central four rows of each plot when the
crop reached the physiological maturity. Analysis of variance
procedures with the statistical program SPSS 15.0 and LSD
test applied for comparison of means were exploited for the
purposes of data processing (Janmohammadi et al., 2017).

Results and discussion

The analysis of variance (ANOVA) showed that the two-way
interaction effects of tillage X fertilizer were statistically
significant for number of days to emergence. Application of
T1 and FYM significantly increased the seedling emergence
rate.However, plants cultivated with 0 and chemical fertilizers
under T2 showed the highest number of days to emergence.
Evaluation of other phenological parameters revealed that
application of FYM under T1 significantly reduced the
number of days to 50% flowering. The highest number of
days to flowering was recorded for plants cultivated under
T2 with C. To some extent, similar results were observed
for the number of days to podding. In relation to both
tillage methods, manure application reduced the necessary
number of days to podding. However, plants cultivated with
FYM started their podding stage much earlier than others.
Despite the differences in reproductive stages, these were
not significant in terms of the number of days to maturity;
only specimens cultivated utilizing C under T1, and without
any fertilizer under T1 showed early maturity in contrast to
other treatments (Table 1).

Plant height assessment showed that the tallest plants
were recorded for specimens cultivated with combinations
of NPK - T1, and C - T2. However, no significant difference
was observed between other combinations of tillage
methods and fertilizers.

Ground cover percentage assessment showed that the
highest value was achieved by application of 40FYM under

Acta Technologica Agriculturae 1/2020

both tillage conditions. Ground coverage by 20FYM and
NPK was slightly lower.

Canopy width investigation showed that chemical
fertilizer application under T2 was more efficient than
under T1. However, the efficiency of FYM application on
canopy width was more evident under T1. The highest
number of secondary branches under T1 was related to
plants cultivated with 40FYM, whereas the highest number
of secondary branches under T2 was related to chemical
fertilizers application (C and NPK). The first pod height
from the ground level was sensitive to different fertilization
treatments only under T1. Plants cultivated with 40FYM
and C under T1 showed the highest first pod height. As
one of the most important traits in determining the yield,
the number of pods per plant was strongly influenced by
tillage methods and fertilization treatments. The highest
pod number per plant was recorded for plants cultivated
with 40FYM under T2, which was followed by 20FYM - T2,
and 40FYM -T1 (Fig. 1). A similar trend was also observed in
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Fig.1 Effects of different soil fertilizers on the number of

pods per plant using different tillage methods; columns
with different letters are statistically different at the 5%
level

Table 1 Comparison of means of phenological stages and yield components of chickpea (Cicer arietinum L.) as affected by
fertilizers and tillage methods
DTE DTF DTP DTM PH GC cw FPH STY HI
T1-C 12100%S 38.66 50.00° 75.66° 27.00° 83.33¢ 31.3¢ 8.66° 226.66 42.21%
T1-20FYM 9.00% 31.00° 39.66° 83.66"¢ 30.66™ 96.33%¢ | 43332 7.33° 267.00¢ 43.18°
T1-40FYM 7.33¢ 29.66° 37.66° 81.00% 29.66™ 99.33? 44.00° 9.33° 312.00° 44.54°
T1-NPK 12.33% 39.00% 49.66° 84.33% 30.66%° 91.66% 41.00% 6.66™ 191.00h | 41.68%
T1-0 12.00%¢ | 38.33% 49.00% 80.33% 28.33° 81.66'g 37.33%¢ | 6.66™ 142.66] 43.00°
T2-C 13.00° 42.00° 50.00° 93.66° 33.00° 94.33%4 | 44,00 6.66™ 290.66° 46.00™
T2-20FYM 11.005 36.66% 45,00 87.00° 28.66™ 92.66°¢ | 42.00%° 6.33¢ 262.66° 41.99%
T2-40FYM 10.33 34.33¢ 42.66° 87.00° 26.66™ 98.33% 4033 6.33¢ 304.00° 46.49°
T2-NPK 12.66%° 38.66™ 46.66™ 88.66™ 29.33% 88.33% 45.66° 6.00° 217.33g | 51.11f
T1-0 13.33° 4.66™ 49.66° 83.66™ 28.00° 76.669 33.33% 5.33¢ 155.33i 42,53

DTE - number of days to emergence, DTF — number of days to flowering, DTP — number of days to podding, DTM - number of days to maturity,
PH - plant height, GC - ground cover by canopy, CW - canopy width, FPH - height of the first pod from the ground, STY - straw yield, HI - harvest

index. Columns with different letters show statistically significant difference at the 5% level
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terms of plant dry matter. Plants cultivated with 0 showed
the lowest dry matter. Straw yield evaluation showed that
application of high level of FYM (40 Mg-ha™) under T1
significantly increased the straw yield. The highest straw
yield under T2 was shown by plants cultivated using NPK.

Furthermore, seed size (100 seed weight) was also
affected by fertilization treatment. ANOVA showed that the
two-way interaction effects of tillage X fertilizer application
was statistically significant for this yield component. Plants
cultivated with 40FYM under both tillage conditions
showed larger seeds (Fig. 2). Considering the seed weight,
results showed that the effectiveness of fertilizers under T2
was lower than under T1. Application of C and high levels of
FYM significantly increased the number of full pods under
both tillage conditions. However, the highest number of
semi-filled pods and wrinkled seeds was observed in plants
cultivated with NPK and without application of any fertilizer.
Seed yield evaluation revealed that the best results were
acquired with application of 40FYM and under non-inversion
tillage condition. The lowest seed yield was recorded for
plants cultivated under inversion tillage without fertilizer
application (Fig. 3).

Regarding Fig. 4, the most prominent relations are:
a strong positive association between seed yield, 100 seed
weight, straw yield, plant dry matter, first pod height, canopy
width, pod number per plant as indicated by the steep
angles close to zero between their vectors (r=cos 0 = +1).

The cluster analysis of combined treatments based on
similarity is shown in Fig. 5. Cluster Il showed the lowest
performance; it includes 0 under both tillage conditions.
Cluster IV includes combined treatments that had the most
positive effect on evaluated properties; it contains 40FYM —
T2; C-T2;and 40FYM -T1.

Presented findings revealed that phenological
development is affected by fertilizers and tillage methods.
Plant development is also influenced by the availability
of elements and other optimal conditions, such as soil
moisture. Results showed that application of NPK and C
had the most positive effects on phenological stages. This
resulted from high availability and rapid supply of elements
via chemical fertilizers for the plant. Moreover, effects of
non-inversion tillage were more prominent than those of
inversion tillage; this is partly due to the low soil disturbance
and high soil moisture content, as well as reduced element
leaching. Crop phenology is essential for prediction of
physiological responses under varying field conditions.
Specifically, in order to avoid confrontation of sensitive
developmental stages with adverse seasonal conditions,
selection and application of fertilizer and tillage method
(changing conditions of the rhizosphere) must be taken into
careful consideration in semi-arid regions (Janmohammadi
et al,, 2014). It is encouraging to compare the obtained
results with Sharifi and Namvar (2016), who found that
higher nutrient availability and favourable soil conditions
can delay crop phenology due to organic source of N.

Furthermore, it was observed that tillage methods and
fertilizer application have also impact on canopy height
and transverse growth components, such as height and
ground cover percentage. Plant growth is controlled by
phytohormones ratio. Most stature growth was recorded
for plants cultivated utilizing chemical fertilizers under
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DTE - number of days to emergence, DTF — number of days to flowering, DTP - number
of days to podding, DTM - number of days to maturity, PH - plant height, GC - ground
cover by canopy, CW - canopy width, NPS — number of primary branches per plant,
NSS - number of secondary branches per plant, FPH - the first pod height from the
ground, NPP — number of pod per plant, NPU - pod number per m?, PDW - plant dry
matter per m?, PWM — pod weight per m?, SY — seed weight per m? STY - straw yield,
PSH - pod shell weight, HSW - 100-seed weight, EPP - percentage of empty pods, HI -

harvest index)

non-inversion tillage. Increase
in plant height due to higher N
concentration can be attributed
to better vegetative development
that resulted in increased mutual
shading and intermodal extension.
The results indicate that the
application of chemical fertilizers has
a more pronounced effect than FYM
application due to rapid release of the
elements in short term. Differences in
impacts of tillage methods in question
were not significant in this case. In
addition to this, results suggest that
the non-inversion tillage without
application of FYM was not able to
create a stable structure and there was
not any positive effect on the physical
soil properties. On the other hand,
it seems that the soil deformation
due to wetting and drying, rain and
disintegration of soil aggregates
was more prominent in cases when
inorganic fertilizers were applied.

The results showed that the
highest seed yield was acquired by
application of high level of FYM under
non-inversion tillage. Seed vyield is
affected by environmental, nutritional
and soil conditions and this is more
prominent in semi-arid region, where
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soil and moisture conditions are not so
favourable.

Soil quality is affected by multiple
external factors, such as utilization
of land, soil and crop management,
environmental interactions, human
objectives, and various natural
conditions. Soil organic matter (SOM)
is a major indicator of soil quality
and health and is strongly influenced
by agricultural and fertilization
managements. SOM is a major soil
source of S, P, N, C; their mobilization,
availability and accessibility are
continuously changingduetomicrobial
immobilization and mineralization.
Furthermore, it improves soil physical
properties, water conservation and
nutrient availability, ultimately leading
to higher biomass content and seed
yield. However, the most important
factor in semi-arid regions, such
as the studied site, is that reduced
tillage methods cannot be effective
without application of large amounts
of FYM. Considering the low rainfall
in the studied area and minor return
of plant residues to soil, the frequent
use of FYM or its combined use with
chemical fertilizers can improve
performance via optimization of

conditions. These results are consistent
with Hati et al. (2006) and Naab et
al. (2017) and suggest that manure
application and reduced tillage
improve the plant growth and seed
yield in semi-arid regions by improving
the soil properties, such as enhanced
aggregation root proliferation,
increased saturated hydraulic
conductivity, reduced mechanical
resistance and bulk density.

Selection of the most economical
tillage method depends on a number
of factors and varies from farm to farm
(Epplin and Vitale, 2008; Garcia-Franco
et al.,, 2018). However, since soil and
management conditionsin the area are
relatively similar, experimental results
can be generalized. Non-inversion
tillage has the potential to conserve
soil and water by reducing their loss
relative to some form of conventional
tillage. It can also reduce time and
energy use for crop establishment
and nonpoint pollution, as well as
enhance the storage or retention of
SOM and improve the soil quality at
the soil surface. The latter is especially
important because SOM preservation
can improve the soil water storage and
reduce the need for irrigation. In terms
of economy and energy saving, there
was shown a significant positive effect.

Moreover, it seems that fertilizers
can significantly affect the crop
nutritional quality. There was observed
an increase in concentrations of
proteins in cereals and pulses; oil in
oilseed crops; starch in tubers; and of
essential amino acids and vitamins
in vegetables. However, excessive
fertilizerapplication,especiallyN-based
fertilizers, can result in undesirable
changes, such as increase in nitrate,
titratable acidity and acid-to-sugar
ratio and decrease in concentrations of
vitamin C, soluble sugar, soluble solids,
and Mg and Ca in certain crops. Other
agronomic measures, such as tillage
and crop rotation, organic farming,
soil moisture management, crop
breeding and genetic engineering, can
also have a large impact on food crop
quality; however, potential benefits of
these measures for improving the crop
quality has not yet been fully explored.

Conclusion
The results revealed that the effects
of fertilizers on the evaluated traits
depend on applied tillage methods.
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Experimental research showed that conservation tillage
method without application of organic fertilizers does not
have any significant effect on plant growth in short term.
Due to the unfavourable soil conditions of semi-arid regions,
non-inversion tillage alone is not sufficiently efficient and
requires high levels of FYM. Enhancement of plant growth
values was recorded for non-inversion tillage method
with application of 40FYM fertilizer; this combination of
tillage method and fertilizer can improve the physical soil
properties and structural stability, minimizing the negative
consequences of low water or air penetration on the lower
soil layers.

Finally, findings showed that if the soil tillage method is
changed, itis necessary to select an appropriate and suitable
fertilizer management compatible with the tillage method.
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GYROSCOPIC EFFECT IN MACHINE WORKING ASSEMBLIES

Marcin ZASTEMPOWSKI*, Andrzej BOCHAT
UTP University of Science and Technology, Bydgoszcz, Poland

This paper discusses and calculates the impact of the gyroscopic effect on the increase in the agricultural machine working
assemblies’ load on bearings of the chaff cutter type. This effect occurs under natural field operational conditions of this type of
machine either during the change in direction of its movement or moving over irregular surface and is caused by a sudden change
in the axis direction of quickly rotating masses. In a form of graph, there is a presentation of a mathematical model and exemplary
results of simulation calculations for selected parameter values related to the movement and operation of machines with a high-
speed drum. Calculations were conducted on the basis of analysis of technical data of working machines of the chaff cutter type.
Conducted analysis of the agricultural machine working assemblies’ load on bearings showed that these loads may temporarily
increase even by ten times in case of the machine turn and eight times in case of moving over irregular of surface, considerably
influencing their lifetime.

Keywords: increased load on bearings; high-speed machine working assemblies; bearing load in cutting assembilies; bearing

load in working machines; mathematical model

Working assemblies of many machines and devices
comprise high-speed elements with a high moment of
inertia, rotating around a dynamic symmetry creating the
so-called gyroscope, their movement being called the
gyroscopic proper motion.

When a gyroscope axis is motionless, machine bearings
are loaded with interaction:

— working one, resulting from an operation performed
by a rotating element;

— gravitational, resulting from
gravitational field.

Gyroscopic effect occurs in cases when the axis of quickly
rotating masses would change its direction.

Such a phenomenon occurs in working machines of
either chaff cutter type or combine harvester type during
turning or driving over irregular surfaces. Subsequently,
there is an additional, quick-changing load on bearings
in cutting drums of a chaff cutter or rotating bearings of
threshing assemblies in combine harvesters, in which there
is a tendency of changes in the direction of a gyroscope axis.
This phenomenon also occurs in bearings of ship propulsion
turbine during changing of course when it moves together
with the vessel around the vertical axis or in case of strong
swaying due to waves.

In contemporary literature, there is no detailed analysis
of the gyroscopic effectimpacts on the balance of forces load
on the bearing elements. Subject area related to kinematics
and dynamics of machine working assemblies” movement
has already been discussed in a detailed manner; however,
modelling of the working processes has never taken the
gyroscopic effect into consideration. Flizikowski et al. (2015),

interaction with

Contact address:

Keska and Gierz (2011), Zastempowski and Bochat (2014,
2015, 2016) have dealt with this issue.

Multiple scientific studies (Ligaj and Szala, 2010;
Strzelecki et al., 2016) have presented the issues related
to design and analysis of construction resistance,
rules for manufacturing execution system use, numerical
and mathematical modelling, and construction
optimization.

Vital issue, with which the designers must cope, lies
in appropriate design of machines equipped with quick-
rotating working assemblies. It is possible if all dependencies
and relations resulting from the impacts of the gyroscopic
effect on the bearing load are fully recognized and taken
into account.

Due to universality of occurrence and availability of
input data for simulation calculations, the analysis was
conducted for a working machine of a self-propelled chaff
cutter type. It was equipped with a high-speed drum cutting
assembly located in the machine body. Special attention
should be paid to this issue, as subject of cutting assemblies
is very topical, since they represent the basic working
assemblies in a large group of agricultural machines for crop
harvesting for energetic purposes (biomass), fodder, as well
as consumption.

The mathematical model developed in the article takes
fully into consideration the cases of gyroscopic effect
occurring as a result of the machine turning and running
over irregular surface under field operational conditions.

Marcin Zastempowski, UTP University of Science and Technology, Faculty of Mechanical Engineering, Al. Kaliskiego

7,85-796 Bydgoszcz, Poland; e-mail: zastemp@utp.edu.pl
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The gyroscopic effect during the turning
of the chaff cutter

Fig. 1 presents a scheme of rotating chaff cutter drum [2]
mounted on the shaft [3] with a determined coordinate
system. The shaft with drum is located above the vehicle
front axis and is mounted in points A and B. In the drum
gravity centre [0], there is centred a dextrorotatory Cartesian
coordinate system xyz, so that the system’s axes follow the
main drum’s inertial axes. The mass moment of inertia
towards these axes amounts to: J,, J,, J,, respectively.

7
.\

Fig.1 Gyroscopic effect during the chaff cutter left turn (own

study)

1 - place of the shaft support (left bearing A); 2 - rotating
cutting drum; 3 - shaft; 4 — place of the shaft support (right
bearing B)

The gyroscope is created by the drum rotating at an
angular speed o, around the axis x. The axis y follows the
direction of a vehicle rotation at the speed v. A case of
turning the vehicle to the left, corresponding to the angular
speed described with vector , in relation to axis z, will be
analysed. _

Forany vector H atamomentary rotational momentum
o, the derivative of that vector will take the following in
regard to time t (Landau and Lifszyc, 2012):

d—H= oxH M
dt

Therefore, by means of an analogy to the gyroscope
angular momentum K, the following expression (Eq. 2) was
received:

EZ(T)ZXR:(T‘)ZX(JX(T‘)XJ’-JG)X) (2)

Taking into account that ®, x @, = 0, and the fact that the
derivative of the angular momentum after a time equals to
the moment of external forces M acting on the gyroscope,
the dependence describing the gyroscopic effect will have
the following form:

M=o, xJ)® ?3)

Analysing the chaff cutter movement during its turning
to the left, the direction of the momentum vector M
coincides with the axis y, and three vectors ®,, ®,,M form
the dextrorotatory system. Thus, it is possible to describe
the absolute value of the moment M = |/\7I| by:

M=J o, o, (4)
where:
o, - isdescribed by the dependency o, =|®,
o, - isdescribed by the dependency w,=|m,

M - isdescribed by the dependency M = |/\7I

The geometry scheme of the chaff cutter turning is
presented in Fig. 2.

Fig.2 Geometry scheme of the chaff cutter turning to the left

(own study)
1 - vehicle left wheel; 2 - vehicle axis; 3 - vehicle right wheel

By analysis of this vehicle type movement at the speed v
around the point 0, the value of the angular speed ®, at the
turning radius r, may be established as:

v (5)
r

w. =

z

The mass moment of inertia J, can be described with the
following dependence:

Jo=rtm (6)
where:

r, - radius of gyration, i.e. the radius on which it is
pointwise located, with mass equal to the mass of
the drum

m - mass of the drum

The force of gravitational interaction G, on a single
bearing amounts to:

1
G =—m 7
3 g (7)

where:
g - gravitational acceleration

However, the effect of the gyroscopic interaction force
Gz on the bearing can be described by the dependence:

G,=— 8)

co



where:
M - moment described by Eq. 4
| - spacing of the drum bearings (Fig. 1)

Joining the dependences (Egs. 5-8), the influence of the
gyroscopic effect G, on the bearing can be determined in
relation to gravitational interactions G in the form of:

G, pPPddoyv
G_Z=B_TZ_X 9)
, 20 g
The dimensionless parameter o in Eq. 9 describes the
twist radius r, dependent on the spacing of machine wheels
L; the parameter B describes the mass distribution of the

chaff cutter drum in accordance with Egs. 10 and 11:

a== (10)
L
2r,
==b amn
P d
where:
d - drum diameter
B - number from the range (0; 1) describing the splitting

of the drum mass

G,
In such a manner, the quotientG—zwiII be calculated as

. . g
a product of dimensionless expressions.

The gyroscopic effect during the movement
of the chaff cutter over irregular surface

Fig. 3 presents the analogical mechanical system as Fig.
1. The drum mounted on the shaft rotates at the angular
speed o,. The case of left wheel movement over irregular
surface, which corresponds to the angular speed described
with the vector @, with direction of axis y, will be subjected
to analysis.

N

=)
gl
[ESAN

M
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Fig.3 Gyroscopic effect on the left wheel of the chaff cutter
moving over irregular surface (own study)

1 - place of the shaft support (left bearing A); 2 - rotating
cutting drum; 3 - shaft; 4 - place of the shaft support (right

bearing B)

In this case, the angular momentum of gyroscope can
be described as:
K=JX(T)X+Jy(T)y (12)
The derivative of the moment of momentum in relation
to the time amounts to:

—=0,x(J,0,+J,6,)=0,xJ,8,+0,xJ,  (13)

Since:
(14)
and

dk

9K _w
dt

(15)

the gyroscopic effect on the wheel during movement over
the irregular surface can be described by the following
equation:

xJ ® (16)

M = a)y X X

Direction of the moment M of the left wheel during
movement over irregular surface corresponds with the axis
z. Three vectors ®,, ®, and M form a dextrorotary system.
Therefore, the absolute value of the moment M =|M|can be
described by dependence:

M=J, 0,0, 17)

The value of angular speed o, can be determined by
means of analysis of the movement process over irregular
surface in accordance with Fig. 4.

Fig.4 General scheme of the chaff cutter left wheel
movement over irregular surface with radius r, (own
study)

Half of the roller with a radius r, has been assumed as
the irregularity model. In the middle of the obstacle - point
P - there was located the system of coordinates hs. The
monitoring process (Fig. 5) of the wheel track with the
radius r, began in the moment of the wheel’s contact with
the obstacle in point A. Subsequently, there occurs a rapid
raising of wheel from the ground, which can be described




with a derivative dh/ds. For a driving medium marked with
point K, the coordinates a, b were assumed.

Fig.5 Movement geometry of the left wheel over irregular

surface (own study)
1 — machine wheel; 2 - surface irregularity

The coordinate b amounts to:

while the coordinate a is determined by the following
equation:
a+b’=(r+r) (19)

from which follows:
a=—y2nr,+r (20)

The inclination coefficient k of the segment KP was
determined from the following dependence:

b

k= (21)
a

Since the tangent in point A is perpendicular to the
section KP, it means that:

dh 1

2 22
ds k (22)

Taking the Egs. 18-21 into account, the derivative dh/ds
can be written as:
dh |1 [r T
PR 21 + P
ds ro \n

For the purposes of the below analysis it has been
assumed that the angular speed of the chaff cutter’s axis is
equal to the angular speed o, of the gyroscope axis.

(23)

Since:

_de

o, = ™ (24)

and the differential dop can be obtained with dependence:

d(pz%dh (25)
Eq. 24 will be of the following form:
1dh 1dhds dh
Ldt Ldsdt dslL
where:
v - machine movement speed
L - machine wheel track

Taking the Eq. 23 into consideration, Eq. 26 can be
written as follows:

v
o, =YZ (27)
where:
y - coefficient of the surface irregularity described by
the following dependence (Eq. 28):
r (rY
Y= 21+[1J (28)
fe \ I

The surface irregularity coefficient y is a function of the
irregularity radius quotient r, to the ground wheel radius r,.
Fig. 6 shows the curve describing this dependence.
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Fig.6 Graph of the surface irregularity coefficient as
a function of the irregularity radius quotient r, and
vehicle ground wheel radius r, (own study)

Considering the Eq. 28, it is possible to determine the
gyroscopic effect during movement over irregular surfaces
on the basis of the following equation:

2
G _ypddoyo 29)
G, 21Lg




For the purposes of simulation calculations, there were
assumed the real constructional features and parameters of
the following chaff cutters: New Holland FR Forage Cruiser;
Claas Jaguar 900; and John Dear series 8000.

In regard to numerical calculations according to
constructional and kinematic parameters of the selected
working machines, the following was assumed:

a) dimensionless forms of constructional coefficients:

and a in the interval (0.5; «);

) . ) . . ®, L
b) dimensionless forms of kinematic coefficients ——, for

®,L

9

which the range of values was determined as € (10;

90).

Fig. 7 presents the graph showing the increase in the
load on the cutting drum bearing elements during its
turning in the form of relation of the gyroscopic effect G,
to the gravitational reaction G, dependent on the machine
movement speed for specific coefficients o according to Eq.
9. The value a = 0.5 describes the smallest possible turning
radius; the movement of the vehicle without turning occurs
when o = 0.
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Fig.7 Graph presenting the relation of the gyroscopic effect
G, to gravitational reaction G, dependent on the
machine movement speed during its turning (own
study)

Analysing the results obtained from simulation

calculations, itis possible to establish that the dimensionless
®,v

parameter of kinematic values and o the parameter

a describing the turning radius (which equals half of the

L
wheel track r, =5 , with a minimum value of a = 0.5, have

I . G,
a significant impact on the value G—’

The force G, occurring during the turning of this type
of vehicle has a direction consistent with the gravitational
force G,. For the case presented in Fig. 1, the forces having
an effect on the bearing A amount to:

G,=G;-G,
while forces having an effect on the bearing B amount to:
Gp=G;+Gy

Fig. 8 shows the diagram of increase in load on the
chaff cutter bearings during moving of its wheels over the
irregular surface under field operational conditions. The
diagram is presented in the form of relationship of the
gyroscopic effect G, to gravitational force G, dependent on
the machine operational speed for the determined relations
of the wheel radius r, and the ground surface irregularity

r
radius - The lower the value of the expression -, the

f,
k
smaller the surface irregularities.
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Fig.8 Graph of the relation of the gyroscopic effect G; to the
gravitational fore G, dependent on the machine
movement speed during monitoring of its movement
over irregular surface (own study)

The force G, occurring during its moving over the surface
irregularities is orthogonal to the force G,. The resultant
force G impacting the bearing amounts to:

G=./G} +G?

Considering the known literature, authors do not deal
with a detailed impact analysis of the gyroscopic effecton the
balance of forces interacting on the fast-rotating machines
bearings in motion working assemblies. The subject widely
taken up by researchers is mainly related to the analysis and
strategy of the agricultural machinery maintenance and
repair (Pourdarbani, 2019), deformation and wear of working
tools in agricultural and forestry machinery (Tavodova
et al., 2018), determination of operating parameters and
functioning effectiveness (Moinfar and Shahgholi, 2018),
and investigation of hydraulic systems in agricultural
machinery (Tkéac¢ et al.,, 2017) without analysis of additional
load in the machinery working assembilies.
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The gyroscopic effect increases the load on fast-rotating
bearing elements, which can result in their faster wear
or damage. That is a reason why it is necessary to take
this phenomenon into account in terms of both design
of working assemblies’ bearings, and development of
a preventive system for technical facilities exploitation,
which has not been done so far and was presented by
Knopik and Migawa (2017), and Knopik and Migawa (2018).
The increased load on technical facilities may also result in
their increased impact on the environment (Karwowska et
al., 2013; Karwowska et al., 2014).

Conclusion

One can encounter the impacts of the gyroscopic
effect during the everyday exploitation of the selected
constructions of machines, making the subject matter quite
topical.

The increased load on the bearing elements can result
in adverse effect on the durability of machine working
assemblies.

Considering the results of the analysis of simulation
calculations conducted for the selected type of self-
propelled chaff cutters, the gyroscopic effect can increase
the bearing load by more than ten times in case of turning,
and approximately by eight times in case of moving over
irregular surface.

Analysing the results obtained from the simulation
calculations, it may be found that, just like in the case

. . . . . ®, L
of machine turning, the kinematic coefficient —— and

the coefficient y connected to the irregularity of surface

.. . Gz'
geometry have a decisive impact on the value —=.

Having the models presented in the paper 2t disposal,
the designers of machines and equipment can more carefully
and precisely design the bearings of rotating elements
burdened with a gyroscopic effect. It will enable decreasing
the failure rate of this machinery, which will be reflected in
lowering of the costs for exploitation and maintenance.
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FACTORS AFFECTING THE ADOPTION OF AGRICULTURAL AUTOMATION USING
DAVIS’S ACCEPTANCE MODEL (CASE STUDY: ARDABIL)

Mahdi SALIMI, Razieh POURDARBANI*, Bagher ASGARNEZHAD NOURI
University of Mohaghegh Ardabili, Ardabil, Iran

Taking into account that traditional agricultural methods reduce the farm performance and make agriculture economically
ineffective, development of intelligent machinery is essential for improving the quality of crops and agricultural activities. The
most important issue in development of agricultural technologies lies in users’ willingness to adopt it. Therefore, the purpose of
this study is to investigate the key factors of Davis's model in automation acceptance in agriculture. Presented paper describes
an applied research with a survey approach through a questionnaire. Questionnaire data were collected from 378 people and
respondents include university students, farmers and experts in a randomized sampling from the Ministry of Agriculture. Firstly,
the questionnaire data were described in a form of statistical numerical characteristics. Secondly, in order to verify the data
normality, the Kolmogorov-Smirnov test was calculated in SPSS and the relationship between the variables was investigated in
the conceptual model. Subsequently, hypotheses were tested via appropriate statistical models using LISREL and SPSS software.
The results showed that for all hypotheses, the T-test exceeds 1.96 and the significance level is less than 0.05. In such a manner, all
hypotheses were confirmed at 95% level, and the path coefficients in the hypotheses H1, H2 and H6 were negative - indicating
the negative effect of the independent variable on the dependent variable in the hypothesis. In the other hypotheses, these
were positive — indicating the positive effect of the independent variable on dependent variable. By means of modelling, it was
found that there was an inverse relationship between social and individual factors with perceived usefulness, as well as an inverse
relationship between social factors with perceived ease-of-use, while there was a positive and significant relationship between
other factors. According to a set of fitting indices, the research conceptual model was appropriate and Cronbach’s coefficients
for each factor were greater than 0.7, suggesting that the questionnaire was valid. On the basis of findings, the better a person
understands the usefulness of automation, the more likely this person is to adopt it. Since the risk and issues related to it play an
important role in farmers’ decision making, it is recommended that future studies address the issue of risk in adopting precision
farming technology.

Keywords: attitude; intention to use; LISREL; perceived usefulness

In Iran, agriculture is the largest economic sector after
services, accounting for approx. 20% of gross national
product and the major share of non-oil exports. Moreover,
a large number of people is employed in agriculture;
therefore, the sector growth largely determines the
economic growth of the country (Ebrahimi et al., 2017).
According to the World Food and Agriculture
Organization (FAO), the world’s population is expected to
reach 9.1 billion by 2050. Therefore, to feed this population,
food production should increase by at least 70% and
developing countries must double their food supply. Since
this is not achievable by traditional agricultural methods,
it is necessary to modernise the technologies in the
agricultural sector (Sreekantha, 2016; Beloev, 2016). It is
typical for developed economies that high technologies and
innovative solutions associated with the progressing
economy globalisation, as well as wider access to outlets
play a vital role in their growth (Biaty and Zarnovsky, 2017).
One of the solutions that can mitigate or eliminate the
damage caused by traditional agriculture is its automation;
thelackof thistechnologyis one of the most significantissues
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in the agricultural sector (Masoudi, 2016). The automation
is in fact a software permanent management focused on
all system processes (day-to-day), which is monitored and
controlled by a central processor unit (Goodarzi and Sadeghi
Fard, 2014). Machine automation allows these systems
to perform their work efficiently, reliably, accurately and
almost without any human intervention (Schueller, 2006)
and automation utilization benefits in agriculture include
increases in export and production, production quality
improvement, time saving, production cost reduction,
reduction of issues related to water losses in the agricultural
system, boom in agriculture, conservation of biological
resources, and decrease in the growth of urban migration.
Diversification of agricultural systems around the world
makes it difficult to use automation and control. Many
outdoor agricultural automation systems that may be
exposed to a wide range of environmental and atmospheric
conditions, such as high temperature, humidity, etc. cannot
perform accurate automation. Considering the developing
countries, one particular concern is associated to the
lack of workforce due to automation, as well as the lack
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of willingness to adopt the automation in a region due to
the economic, social, cultural, technical and environmental
conditions.

Due to population growth and rising costs in the coming
years and demand for food, there should be strategies for
higher production and less waste. Utilization of robots can
be justified with higher production, waste reduction and
reduction of current costs by means of more and more
accurate monitoring (Torabi et al., 2014).

The first step in the development of agricultural
automation is to identify consumer behaviour and
factors affecting its acceptance. Therefore, this research
was conducted with the aim of identifying the factors
affecting the agricultural automation adoption in Ardabil
and providing a model for automation acceptance in the
agricultural sector. In this study, consumer behaviour was
assessed on the bases of behavioural models - the most
common conceptual models.

Development of hypotheses and conceptual model

1. Individual factors

There are multiple individual factors significantly affecting
the consumer behaviour (Amen, 2010). In research, human
capital measurements have been based on assessment
of data on education, age, gender, and family size of the
farmer (Keelan et al., 2014). The education level of a farmer
increases their ability to understand presented ease aspects
and usefulness of a new technology (Okunlola et al., 2011;
Adebiyi and Ekonola, 2010). Studies on the adoption of
microcomputers in agriculture (Putler and Zilberman,
1988), crop reduction and precision agriculture (Roberts
et al, 2004) show a positive relationship between habitat
and acceptance. Age is also one of the factors influencing
the new technology acceptance. Older people have gained
knowledge and experience over time and are more able to
evaluate technical information in contrast to young farmers
(Mignouna et al., 2011; Kariyasa and Dewi, 2011).

H1: Individual factors affect the perceived usefulness

of the automation application in agriculture.
H2: Individual factors affect the perceived ease
aspects of automation application in agriculture.

2 Social factors

Social norms represent one of the subcategories of social
factors that affect technology adoption with an effect on
attitude of the individual towards an object (Malte et al.,
2008; Chong et al., 2010; Verma and Sinha, 2018).
H3: Social factors affect the perceived usefulness of the
automation application in agriculture.
H4: Social factors affect the perceived ease aspects of
the automation application in agriculture.

3. Organizational factors

Access to support services is also recognized as a key aspect
of technology acceptance. Farmers are often informed on
the existence and benefits of new technology via expanding
agents. Many authors have reported a positive relationship
between post-sales services and automation adoption
(Bonabana-Wabbi, 2002; Sserunkuuma, 2005; Akudugu et
al.,, 2012).
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H5: Organizational factors affect the perceived
usefulness of the automation application in
agriculture.

H6: Organizational factors affect the perceived
ease aspects of the automation application in
agriculture.

4. Automation features

Tests that can be performed at a small scale before the
full automation adoption represent another significant
factor influencing the automation acceptance (Doss, 2003;
Mignouna et al., 2011). These are necessary to introduce
any new technology to farmers, so they can evaluate and
understand suitability of tested technology under their own
conditions (Karugia et al., 2004).

H7: Automation features affect the perceived
usefulness of the automation application in
agriculture.

H8: Automation features affect the perceived ease
aspects of the automation application in
agriculture.

5. Perceived usefulness (PU)

In regard to the numerous variables affecting the system
utilization, perceived usefulness is considered a prerequisite
for automation acceptance and behavioural intent (Kim et
al., 2007; Callum et al., 2014; Park and Chen, 2007; Mansour
et al., 2017; Shirmohammadi, 2004; Lotfi and Bakhsayeshi,
2010; Wafaei, 2009; Davis, 1989).
H9: Perceived usefulness affects the attitude towards
the agricultural automation.
H10: Perceived usefulness affects the willingness to
use the agricultural automation.

6. Perceived ease of use (PEOU)

Perceived ease of use is a degree to which every individual
believes that particular system utilization will facilitate
his work (Davis, 1989; Verkantesh et al., 2003). According
to Venkatesh and Davis (2000); Liu et al. (2009); Saghafi et
al. (2017), a positive relationship was found between PEOU
and PU.
H11: Perceived ease of use affects the attitude towards
the agricultural automation.
H12: Perceived ease of use affects the willingness to
use agricultural automation.

7. Attitude (ATU)

Attitude can be expressed as one’s view of the chosen act
(Yadav and Pathak, 2016). Attitudes have a significant effect
on the individual’s behaviour, and this relationship becomes
more intense when it is related to one’s health.
H13: The attitude towards automation affects the
intention to use the automation in agriculture.

8. Intention to use (IU)

The intention to use (IU) is a key factor for the actual use
(Davis et al., 1989). In terms of the technology utilization,
a decision to willingly use the technology in full extent is
generally positive (Turner et al., 2010).
H14: The intention to use the automation affects the
actual (AU) automation utilization in agriculture.
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Based on aforementioned hypotheses, conceptual research model can be
presented as follows:

Individual fact
) - Peresived nsefilness \
Social factors i "
Attitude p| Intention to use »| Actual usage
Orpanizstional
factors
Perceived sase of use
Technology
featre
Fig. 1 Conceptual framework for research (source: author’s research)
where:
j = number of questionnaire items
s}i - variance of the subtest j
The purpose of this study was to investigate the factors affecting the automation 5~ Variance of entire questionnaire
adoption in agriculture in Ardabil. The statistical population of this research or test
consisted of three academic circles, experts from the Ministry of Agriculture The data normalization

(Jahad) and farmers, 27,670 people in total. Randomized sampling method
was used. On the basis of sample size set by Krejcie and Morgan (1970) and the
Cochran formula utilization, 380 individuals were calculated as sample size:

z2’pq 1.962x0.5x0.5
2 2
"= 1 gzpq - 1 18.652><05><05 =380 W
T+ =—-1 1+ : 1
N{ d } 27,670[ 0.5 }

where:
n - samplesize
N - size of statistical population
z - acceptable random error
P - ratio of success
g - failure ratio
d - degree of accuracy

Considering the possibility that the questionnaires might not be filled out by
all respondents, the questionnaires were distributed to 385 respondents. Finally,
after deleting the invalid questionnaires, 378 questionnaires remained to be
observed; therefore, study sample size was 378 individuals, indicating the response
rate of 98.18%. Data collection was performed using library and field methods. The
questionnaire was developed by the researcher based on Davis's model (Fig. 1). It
consists of several main sections; the first to seventh sections are: organizational
factors, individual factors, perceived usefulness, perceived ease of use, attitude,
intention to use and actual usage. Using Bartlett test and confirmatory factor
analysis, a number of questions was deleted in each section in order to lower the
factor loading, and a final questionnaire with 80 questions was developed.

Factor analysis and Cronbach’s alpha coefficient were used to determine the
questionnaire validity and its reliability:

assumption was performed by means
of Kolmogorov-Smirnov test (K-S).
Confirmatory factor analysis examines
the relationship of items or questions
with the structures; this process was
carried out using the LISREL software.
The T-test statistic is used to determine
the significance of the relationship
between the variables. Since the
significance is checked at a level of
0.05, if the observed factor loading
shows a t-value of less than 1.96, it is
not significant.

Chi-squared test (X*) was used to
measure the correspondence between
the experimental and theoretical
curves. This test indicates the designed
model is based on actual data. Finally,
to test the research hypotheses,
structural equation modelling
was employed, which is a strong
multivariate analysis technique from
the family of multivariable regression.

Evaluation of data normality
and questionnaire validity
and reliability

In order to verify the data normality,
Kolmogorov-Smirnov test was
calculated for the variables of
individual, social and organizational




Table 1 Demographic characteristics of the respondents
Characteristic Number of respondents Level Absolute frequency Relative abundance
378 man 321 84.9
Gender
woman 57 15.1
378 less than 20 years old 7 1.8
21-29years old 148 39.2
30-39 years old 111 294
Age
40-49 years old 87 23
50-59 years old 23 6.1
over 60 years old 2 0.5
378 illiterate 61 16.1
diploma and lower 85 22.5
Level of education B.A/B.S 111 29.4
M.A/M.S 81 21.4
PhD and higher 40 10.6
378 less than 1 million 144 38.2
Average monthly between 1 and 3 million 157 41.5
income between 3 and 5 million 36 9.5
more than 5 million 41 10.8
378 graduate student 94 249
academic staff 37 9.8
Employment status
agricultural expert 75 19.8
farmer 172 455
378 less than 5 years 92 243
X 5to 14 years old 155 41
Experience of
agricultural work 15 to 24 years old 105 27.8
25to 34 yearsold 19 5
35to 49 yearsold 7 1.9

factors, technology characteristics, perceived usefulness,
perceived ease, attitude, intention to use and actual use by
means of SPSS software (Table 2).

Based on the data shown in Table 2, the significance
level for all components exceeds value 0.05, indicating that
these variables have a normal distribution, and structural
equations can be used to test the hypotheses in terms of
parametric testing.

Confirmatory factor analysis results for each variable
conducted via the LISREL software are presented in Table
4 for each variable separately. It should be emphasized
that, in order to reduce the number of variables, the factor
loading obtained should not exceed value 0.3 (Momeni
and Qiyomi, 2017). However, before performing the factor
analysis, the point that needed to be addressed first was to
make sure that the number of data for the factor analysis
is appropriate. For this purpose, Kaiser-Meyer-Olkin (KMO)
index and Bartlett test were used (Table 3).

According to Table 3, the KMO index is 0.843, which is in
the range above 0.6. Therefore, the research sample size is
appropriate for factor analysis. Furthermore, the significance
level of Bartlett test is less than 0.05, suggesting that the
factor analysis is suitable for identifying the structure (factor
model).

Therefore, a confirmatory factor analysis could be used
to analyse the questionnaire. The T-test was used to test
the significance of relationships between variables. Since
the significance is checked at a level of 0.05, if the factor
loading observed shows a t-value lower than 1.96, it is not
significant. Each question with a factor loading less than 0.3
was deleted from the questionnaire.

Estimation of research conceptual model

Research model test was carried out using the structural
equation modelling method (Figs. 2 and 3).
The hypotheses test results are summarized in Table 4.




Table 2 Kolmogorov-Smirnov test before and after normalization
Variable Kolmogorov-Smirnov test before normalization
Statistics Degrees of freedom Significance level
Individual factors 4.05 378 0.000
Social factors 3.87 378 0.000
Organizational factors 3.11 378 0.000
Technology features 2.32 378 0.000
Perceived usefulness 4.87 378 0.000
Perceived ease of use 3.24 378 0.000
Attitude 5.62 378 0.000
Intention to use 3.36 378 0.000
Actual usage 4.52 378 0.000
Variable Kolmogorov-Smirnov test after normalization
Statistics Degrees of freedom Significance level
Individual factors 0.11 378 0.09
Social factors 0.16 378 0.22
Organizational factors 0.07 378 0.45
Technology features 0.16 378 0.14
Perceived usefulness 0.17 378 0.13
Perceived ease of use 0.19 378 0.12
Attitude 0.20 378 0.12
Intention to use 0.13 378 0.1
Actual usage 0.12 378 0.15
Table 3 Bartlett test and KMO index for evaluated data
KMO index 0843
Chi-squared test 465.93
e Degree of freedom 1225
The significance level 0.000
Table 4 Hypotheses test results
Hypothesis Independent variable Dependent variable Path coefficient T statistics
H1 individual factors perceived usefulness -0.41 -5.28
H2 social factors perceived usefulness -0.32 -4.38
H3 organizational factors perceived usefulness 0.36 4.52
H4 technology features perceived usefulness 0.34 4.45
H5 individual factors perceived ease of use 0.92 13.55
H6 social factors perceived ease of use -0.43 -5.46
H7 organizational factors perceived ease of use 0.62 11.20
H8 technology features perceived ease of use 0.65 12.10
H9 perceived ease of use perceived usefulness 0.52 8.80
H10 perceived usefulness attitude 0.74 13.09
H11 perceived ease of use attitude 0.41 5.30
H12 perceived usefulness intention to use 0.97 14.44
H13 attitude intention to use 0.50 8.72
H14 intention to use actual usage 0.95 13.90
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Fig.2 Estimation of standard correlation coefficient in model
Chi-square = 3,735.17; df = 1,357; P-value = 0.00000; RMSEA = 0.068
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Fig.3 Estimation of the t-statistic in the model
Chi-square = 3,735.17; df = 1,357; P-value = 0.00000; RMSEA = 0.068
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Table 5 Model suitability indices
Model fit indices

Chi-square Chi-square
Degree of freedom df
II;fer:aet::);f chi-square to the degree 2/df
approximation erfor vaniance. RMSEA
The root mean square of the remainder RMR
Goodness of fit index GFI
Non-normalized fitting index NNFI
Comparative fitting index CFI

The results shown in Table 4 indicate that for all
hypotheses, the t-test exceeds the value of 1.96 and
the significance level is lower than 0.05. Therefore, all
hypotheses were confirmed at 95% level, and the path
coefficients in the hypotheses H1, H2 and H6 were negative,
suggesting the negative effect of the independent variable
on the dependent variable in the hypotheses. The other
hypotheses are also positive, indicating the positive effect
of the independent variable on dependent variable.

Structural equation modelling and significance indices

In general, to determine the fit of the estimated model,
various indicators are used and the model fitness must be
reasoned by more than one. Therefore, these indicators
should be combined. The values of model fit indices are
shown in Table 5.

According to Table 5, all model fit indices are acceptable.
Therefore, on the basis of fitting indices, it can be concluded
that the conceptual research model is appropriate and
calculation results for relationships in the research model
are valid and reliable.

Conclusion

Using the structural equation modelling results, it was
determined that there is a significant relationship between
individual factors and perceived usefulness. The correlation
coefficient between the two variables was negative,
indicating that with an increase in individual factors, the
perceived usefulness decreases. This means that experience;
prior knowledge; self-confidence; financial status; education
level; land area; and the number of family labourers do
not have positive impact on the productivity increasing.
The reason for this was poor and unfavourable classes in
knowledge creation.

There was observed a significant relationship between
social factors and perceived usefulness. The correlation
coefficient between the two variables was negative,
indicating that with an increase in social factors, perceived
usefulness decreases. This means that social factors, such
as mental norm; trust in friends; and classes, played a
significant and positive role in farmers’ understanding of
technology usefulness. Therefore, these classes should be
presented in a more specialized and practical way.
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Acceptable range The amount earned
- 3,735.17
= 1,357
3> 2.75
0.1> 0.060
0.1> 0.060
0.9< 0.954
0.9< 0.962
0.9< 0.987

There was also a significant relationship between
organizational factors and perceived usefulness. The
correlation coefficient between the two variables
was positive, suggesting that with an increase in the
organizational factors, there is an increase in the perceived
usefulness and vice versa. In general, this means that
membership in the rural cooperative; advertising; behaviour
of the host companies; sponsor organization availability;
support services; justification training; low interest loans;
long-term repayment deadlines; and timely funding can
effectively provide new technology utilization.

The positive correlation coefficient between automation
and perceived usefulness means that the automation
features, such as relative advantages; compatibility; low
complexity; visibility; testability; no need for further labour;
optional adoption, can make the technology more useful.

The positive correlation coefficient between individual
factors and perceived ease means that farmers’ experience,
knowledge and confidence; education level and good
financial status make it easier to use the automation.

There was also a significant relationship between the
automation features and perceived ease. The correlation
coefficient between the two variables was positive,
suggesting that with an increase in automation features,
there is an increase in perceived ease. Therefore, it seems
that relative advantages; compatibility; low complexity; the
lower need for workforce; optional adoption; low start-up
costs; etc. make it easier to understand the ease of use of
technology.

There was a significant relationship between perceived
usefulness and attitude. The correlation coefficient between
the two variables was positive and indicated that with an
increase in perceived usefulness, the attitude increases. In
other words, the more people understand the benefits of
automation, the better their attitude toward using it. These
findings are consistent with the results presented by Siregar
etal. (2017).

A significant relationship between perceived usefulness
and the intention to use the automation was also observed.
The correlation coefficient between the two variables
was positive, indicating that with an increase in perceived
usefulness, the intention to use also increases. In other
words, when farmers consider the automation utilization to
be useful, they tend to use it more.
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A significant relationship between attitude and
intention to use was also shown. The correlation coefficient
between the two variables was positive and indicated that
with an increase in attitude, the intention to use is also
increased.

There was observed a significant relationship between
the intent to use the technology and its actual usage. The
correlation coefficient between the two variables was
positive, indicating that with an increase in the intent to use
the technology, its actual usage increases. This means that,
when using automation, the person will actually use it in
agriculture.

In general, based on the model fit indices obtained in
the research, it seems that Davis’s technology acceptance
model is suitable for investigating effective factors in
agricultural automation in Ardabil.
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INFLUENCE OF THE PLOUGH WITH TEKRONE MOULDBOARDS AND LANDSIDES
ON PLOUGHING PARAMETERS
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This paper is dedicated to Tekrone composite material utilization in agricultural machinery. In terms of its technical properties,
tekrone is very similar to steel 60 that is used for production of plough mouldboards and landsides. However, Tekrone shows more
preferable characteristics, because its friction coefficient (k) is 2.6 times lower in contrast to steel 60. This fact indicates that the
draft resistance can be decreased by replacing the plough mouldboards and landsides made of steel 60 with their counterparts
made of Tekrone. This science hypothesis was confirmed by experimental investigation results. Analyses showed that utilization
of plough with Tekrone mouldboards and landsides instead of steel ones significantly reduces their sticking to the wet soil. This
results in a “soil moves over plough mouldboard surface” process instead of a “soil moves over soil” process. The plough draft
resistance was decreased by 13.6% after replacement of the steel equipment with Tekrone one. Simultaneously, the performance
of new tractor-plough aggregate was increased by 12.6%, the specific fuel consumption was reduced by 11.8%, and the preserving
probability of the agrotechnological ploughing depth tolerance (+2 cm) was increased from 88% to 93%.

Keywords: ploughing; friction coefficient; draft resistance; soil sticking

Ploughing is one of the most frequently utilized tillage
processes. In practice, ploughs are responsible for
performance of this process. Although the history of
their appearance and development is quite long, plough
construction was fundamentally modified only. The
majority of these were aimed at the plough draft resistance
reduction, since even today, ploughing is the most energy-
intensive tillage operation.

The task of the plough draft resistance reduction has
been dealt with by different methods, e.g. Araya and
Kawanishi (1985) supplied compressed air into the working
zone of the ploughshare via special nozzles. As a result, the
significant horizontal cracks were formed, which crumbled
the soil and reduced the draft resistance of the soil tillage
implement. Other researchers (Loveykin and Dyachenko,
2012; Niyamapa and Salokhe, 2000) used a mechanical
vibration of the plough bottoms in a horizontal plane. For
this purpose, they used hydraulic vibrators that oscillated
the plough bottoms at a frequency of 6-8 Hz.

Furthermore, Romanuk et al. (2016) also investigated
the influence of the plough vibrations on the horizontal
plane on its draft resistance. Such plough oscillations were
provided by polygonal support wheels. As a result, the
plough produced oscillations with a frequency of 6-7 Hz,
resulting in the draft resistance reduction.

In addition to this, Lukashok and Kornev (2009) mounted
the rollers into the three-bottom plough mouldboards.
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This reduced the soil frictional force acting on the plough
mouldboards and the draft power necessary for its
movement was reduced by 3 kW.

Belousov and Trubilin (2013) tried to decrease the draft
resistance by mounting additional flat ploughshares — these
were mounted on the left of the main ploughshares and
crumbled the soil, which was being tilled during the next
working pass. As a result, the plough draft resistance was
reduced.

Searching for methods for the plough draft resistance
reduction has led to designing of the plough disk variant
(Nkakini and Akor, 2012). There were attempts to reduce
the plough draft resistance by changing the parameters of
its mouldboards and shares (Bulgakov et al., 2019; Godwin,
2007; Shmulevich et al., 2007). However, these ploughs are
not widely applicable, because they mix the upper and
lower layers of arable soil horizon, which is undesirable.

Discover of the electro-hydraulic effect allowed creation
of a complex of electro-hydraulic ploughs (Utkin, 1986).
Utilization of these tillage implements allowed decreasing
their draft resistance and promoting the assimilation of
plants with different chemical elements. Primarily, the
amount of dissolved forms of nitrogen increased in the soil
due to electro-hydraulic influence. However, such tillage
implements were and are very expensive.

Other researchers (Pavlyuk and Sotnikov, 2014)
tried to decrease the plough draft resistance by using
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Fig.1 Tekrone plough mouldboards and landsides

electric osmosis, ultrasound, and magnetic field. In spite
of a significant decrease in draft resistance of tillage
implements, these technical decisions are not used due to
their difficult implementation and high cost.

There is a cheaper option to reduce the plough draft
resistance - specifically by replacing the steel surface of the
mouldboard with a material that shows a lower soil friction
coefficient.

Attempts to use the Teflon mouldboards were already
patented in 1959 (Owen et al., 1959). Good results were
obtained with the mouldboards made of polyethylene
211-07 (Kiryukhin et al, 1974). The researchers
experimentally found that the draft resistance in sucha
plough showed a decrease, provided its performance
increased by 11% and the fuel consumptionwas reduced by
6% at minimum.

This  paper the results

presents of practical

implementation of another method for the plough draft
resistance reduction. It is essentially based on replacing of
steel plough mouldboards and landsides with equipment
made of Tekrone (Fig. 1).

Tekrone is a thermoplastic-based composite material
created in Belgium. Comparison of its main physical-
technical characteristics with steel 60, which is traditionally
used for manufacturing of the plough mouldboards and
landsides, is presented in Table 1.

Table 1 Tekrone physical-technical characteristics in
comparison to steel 60

Item Value

Tekrone Steel 60
Bulk density (kg-m?) 930 7800
Normalized hardness 60 (by Shor) 217 (HB)
Tensile modulus (MPa) 720 920
'(l',;l;ii;e creep modulus 460 590
Tensile yield strength (MPa) 17 17
Relative tensile strain (%) 20 19
Static friction coefficient (k) 0.20 0.52

The bulk density represents the very first indicator in
which these materials significantly differ: steel 60 shows at
least 8 times higher bulk density than Tekrone and thanks
to this fact, steel 60 shows higher normalized hardness (see
Table 1). Simultaneously, data analysis shown in Table 1
indicates that the rest of compared indicators are the same.

Aforementioned  physical-technical properties of
Tekrone mainly characterize the durability and reliability of
the products made of it. Considering the decreasing of the
plough draft resistance, the Tekrone friction coefficient (k) is
of higher significance. The (k) value for new material is lower
by 2.6 times than that for steel 60 (Table 1). This is largely
due to the fact that Tekrone is characterised by rather low
adhesion. In terms of interaction of a body with a surface of
low adhesion, the friction is minimal (Abbaspour-Gilandeh
et al., 2018; Polakova and Dostal, 2019). In addition to this,
Tekrone shows high hydrophobic properties, which are very
important during the soil ploughing with moisture of 20%
and less.

All'in all, this fact suggests that the plough with Tekrone
mouldboards and landsides shows lower draft resistance.

In order to determine the influence of material of the
mouldboards and landsides on the plough draft resistance,
a strain-measuring method was utilized (Fig. 2).

Fig.2 Strain-measuring method applied to plough with
Tekrone mouldboards and landsides

The electrical signal from the strain-measuring plough
was transferred to an analogue-to-digital converter and




Fig.3 Tractor XTZ-170 during strain measurement

then to computer. This test was conducted on a XTZ-170
series tractor equipped with an engine YMZ-236 (Fig. 3).

The strain-measuring plough was adjusted to the
ploughing depth of 25 cm. The measurement quantity
of this parameter was equal to 100 and the step of these
measurements was equal to 0.2 m.

To determine the width of the tractor-plough set before
its passage from the furrow wall at a distance L (during field
tests, this distance equalled to 2 m), 200 pegs were installed
with 1 m steps. After the tractor-plough set passed from
each peg to the wall of newly laid furrow, the distances (h,)
were measured (Fig. 4).

The working width of the tractor-plough set (B,) was
calculated on the basis of the following expression:

B,=L-h; (1)

For estimation of an inner nature of the ploughing width
and depth oscillations, the normalized correlation functions
and spectral density were used.

The tractor with plough moved on the same gear in all
experiments. During execution of the field experimental
studies, soil moisture and bulk density were measured five
times.

The former was determined by means of well-known
thermostat-weight method. The latter was defined utilizing
the special densitometer (Nadykto and Kotov, 2015). The
peculiarity of this device lies in the fact that its electronic
scale immediately shows the soil bulk density in g-cm?.

o o o
o peg
1m hi - T~
e ~ -
- .-
-~ e - — el
Lo furrow of the tractor-plough
aggregate’s previous pass
————————— furrow of the tractor-plough
set’s last pass

Fig.4 Measuring scheme of the working width of tractor-
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Fig.5 Steel mouldboards with soil sticking

The fuel consumption was measured by means of
a DFM-50C meter with 1% error margin.

Typical soil type for southern Ukraine is sod-podzolic
humus. Testing of the tractor-plough aggregate was carried
out after winter wheat harvest. Stubble cleaning of this
agricultural crop was completed a month before ploughing.
The tillage depth was 5-7 cm. During the period since the
stubble cleaning up to ploughing test, there was a rainfall of
10 mm. During the tractor-plough aggregate testing, winter
wheat remnants and small weeds did not exceed 15 g-m™.

The soil bulk density arithmetic mean for the 0-25 cm
layer was 1.21 g-cm™ and the soil moisture equalled to
22.8%.

Considering the experimental conditions, wet soil was
constantly being stuck to the plough steel mouldboards
(Fig. 5). However, this phenomenon was not observed in
terms of Tekrone mouldboards (Fig. 6).

Observation of the ploughs showed that, in case of soil
sticking to the plough mouldboards, there occurs a “soil
moves over soil” process, which always results in the plough
draft resistance increase. Analysis of experimental data
showed that utilization of the Tekrone mouldboards and
landsides instead of steel ones facilitated a decrease in the

Tekrone mouldboards without soil sticking

Fig. 6

plough aggregate
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plough draft resistance. Consequently, if the plough draft
resistance for the equipment made of steel 60 is 34.5 kN, it is
29.8 kN for the equipment made of Tekrone. The difference
between the plough draft resistances was 4.7 kN, accounting
to 13.6%. With the confidence level of 95%, it is possible to
argue that this difference is significant, because it is larger
than the least significant difference (LSD, ). In this case, the
latter equals to 0.21 kN.

The draft resistance fluctuation variance of the plough
with Tekrone mouldboards and landsides was equal to
6.40 kN? it was 8.7 kN for the plough with steel equipment.
However, this difference (i.e. 2.3 kN?) is insignificant
according to the F-test.

The variation coefficient of the draft resistance
fluctuations for each plough did not exceed 9%. The plough
average width of both tractor-plough aggregates was
practically the same and equalled to 1.76 £0.01 m.

In regard to the experimental data analysis, it was
observed that the frequency spectrum of ploughing width
oscillations was approximately the same for both tractor-
plough aggregates (Fig. 7).

Therefore, the main part of the variances of these
processes is concentrated in the frequency range 0-1 m™.
The cut-off frequency for both normalized spectral densities
was also approximately the same. The maximum of these
functions took place at frequency 0.2 m™'. Aforementioned
observations indicate that the plough width indicators
do not show any deterioration by replacing the steel
mouldboards and landsides with equipment made of
Tekrone.

The real ploughing depth of the plough with Tekrone
equipment was changing within the 24.5 +0.3 cm range
(Table 2). The ploughing depth for the plough with steel
equipment was changing within the 23.9 £0.3 cm range.

As it is obvious from Table 2, the difference between
ploughing widths is 0.6 cm, and least significant difference
(LSDys, cm) between these parameters is merely 0.4 cm.
Consequently, the real ploughing depth of the plough with
Tekrone equipment was greater.

The oscillation frequency of ploughing depth for both
ploughs was estimated by normalized correlation functions
of these processes. Their analysis showed (Fig. 8) that
correlation length of the ploughing depth oscillations of
the compared ploughs is almost the same and equals to
approx. 0.9 m.

At the same time, the process of the ploughing depth
oscillations produced by the plough with steel mouldboards

Table 2

Parameter

Statistical parameters of the ploughing depth

Average (cm)

Confidence interval (95%, cm)
Variance (cm?)

Standard deviation (+cm)
Coefficient of variation (%)

Least significant difference (LSD, 5, cm)

Volodymyr Nadykto et al.

Normalized spectral density (m)

0.2 04 0.6

Frequency (m™)

Fig.7 Normalized spectral densities of the ploughing width
oscillations of the ploughs with steel 60 (- - -) and
Tekrone (—) equipments

and landsides showed a periodic component (Fig. 8). This
function is described by the following equation:
R =exp(-0.47X) X (cos2X + 0.24 sin2X) (2)

On the contrary, the process of the ploughing depth
oscillations produced by the plough with Tekrone
mouldboards and landsides did not show a periodic
component and can be described as follows:

R =exp(-2.05X) X (cos2.5X + 0.82 sin2.5X) (3)

The former is a more high-frequency process. The
normalized spectral densities of the compared processes
confirm this fact (Fig. 9).

The analysis of these figures showed that ploughing
depth oscillation variance of the plough with steel
mouldboards and landsides is distributed over a wider
frequency range in contrast to the plough with Tekrone
equipment. Simultaneously, in accordance with the F-test,

Plough with mouldboards and landsides made of

Steel Tekrone
239 24.5
23.9+0.3 24.5+0.3
1.80 1.51
1.34 1.23
5.6 5.0

0.4
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Normalized correlation function R

Path X (m)

Fig.8 Normalized correlation functions of oscillations of
ploughing depth of the ploughs with steel (- - -) and
Tekrone (—) equipments

both variances (1.80 cm? and 1.51 cm? — Table 2) represent
the same random sample.

In Ukraine, the agrotechnical tolerance (A) of the
ploughing depth oscillation equals to £2 ¢cm. Ploughing
depth exit frequency beyond this agrotechnical tolerance
can be calculated from the following formula (Panov, 2015):

2

o=+/o’ +p> ><2lexp(_A j 4)
n

2D

where:

o, B — normalized spectral density approximation constants
of the ploughing depth oscillations

D - variance of the ploughing depth oscillations

Considering the plough with steel mouldboards and
landsides, a. = 2.05, p = 2.5, and D = 1.80 cm? In this case,
o = 0.169 m™ and the probability (P,) of the maintaining
agrotechnical tolerance A = £2 cm amounts to 88%.

For plough with Tekrone mouldboards and landsides,
o = 047, B = 2.0, and D = 1.45 cm® Consequently, ® =
0.084 m" and P,, = 93%.

On the basis of field results, the speed of the tractor-
plough aggregate with plough Tekrone mouldboards and
landsides was equal to 8.1 km-h™". The analogical quantity
for the tractor-plough aggregate steel equipment was equal
to7.2km-h™.

It is quite clear that such a positive difference in the
work speed of the tractor-plough aggregate with Tekrone
equipment results from its lower draft resistance. As a result,
both tractor-plough aggregates have approximately the
same plough width (1.76 m); however, they show different
performance. Namely, the modernized tractor-plough
aggregate was more productive in contrast to aggregate
with traditional steel equipment — by 12.6% (1.43 ha-h™ vs
1.27 ha-h™).
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Normalized spectral density (m)

1
0 0.2 0.4 0.6 0.8 1
Frequency (m™)

Fig.9 Normalized spectral densities of ploughing depth
oscillations of ploughs with steel (- — -) and Tekrone
(—) equipments

The fuel consumption of the tractor-plough aggregate
with the steel mouldboards and landsides was equal
to 22.86 I-h". Simultaneously, the fuel consumption of
the modernized tractor-plough aggregate was lower -
22.69 I-h. In regards to this, fuel consumption per hectare
of the aggregate with steel equipment was equal to
22.86/1.27 = 18.00 I-ha™ fuel consumption per hectare of
the aggregate with Tekrone equipment was 22.69/1.43 =
15.87 I-ha™.

Obviously, employment of the plough with Tekrone
mouldboards and landsides instead of steel ones allowed
the reduction of the specific fuel consumption by 11.8%.

Conclusion

Field experiment conducted showed that the Tekrone
friction coefficient is 2.6 times lower in contrast to the
friction coefficient of steel; Tekrone shows the prerequisites
for employment of this composite material in the
agricultural machinery, namely in production of the plough
mouldboards and landsides.

The analysis of the experimental data showed that
utilization of the plough with Tekrone equipment instead of
steel one excludes sticking of the wet soil to it. Thereby, there
occurs a process of “soil moves over plough mouldboard
surface” instead of the “soil moves over soil” process.

The draft resistance of plough with Tekrone equipment
decreased by 13.6%. Consequently, the performance of the
novel tractor-plough aggregate increased by 12.6% and
its specific fuel consumption decreased by 11.8%. At the
ploughing depth (£2cm), the preserving probability of the
agrotechnical tolerance increased from 88% to 93% for the
plough with Tekrone equipment.



HASANKHANI-GHAVAM, F. -

ABBASPOUR-GILANDEH, Y. -
SHAHGOLI, G. - SHRABIAN, V. R. — ABBASPOUR-GILANDEH, M.
2018. Investigation of the effect of soil moisture content, contact
surface material and soil texture on soil friction and soil adhesion
coefficients. In Acta Technologica Agriculturae, vol. 21, no. 2, pp.
44-50.

ARAYA, K. — KAWANISHI, K. 1985. Soil failure by introducing air under
pressure. In Transactions of the ASAE, vol. 27, no. 5, pp. 1292-1298.
BELOUSQV, S. V. — TRUBILIN, E. I. 2013. The development of
a reversible plough design for heavy soil treatment. In Science
of Kuban, no. 1, pp. 31-37. (In Russian: Razrabotka konstruktsii
lemeshnogo plugadly a obrabotkity azholikh pochv)

BULGAKOV, V. — PASCUZZI, S.~ADAMCHUK, V. — IVANOVS, S.
- PYLYPAKA, S. 2019. A theoretical study of the limit path of the
movement of a layer of soil along the plough mouldboard. In Soil &
Tillage Research, vol. 195, pp. 1-11.

GODWIN, R. J. 2007. A review of the effect of implement geometry
on soil failure and implement forces. In Soil & Tillage Research, vol.
97, no. 2, pp. 331-340.

KIRYUKHIN, V. G. — CHIRKOV, G. N. — MILTSEV, A. . 1974. Test results
of plow with plastic moldboards. In Tractors and Agricultural
Machines, vol. 12, pp. 19-20. (In Russian: Rezultaty i spytaniy
pluzhnykh korpusov s plastmassovymi otvalami)

LOVEYKIN, V. — DYACHENKO, L. 2012. Methods of experimental
investigation into parameters of vibroploughs with hydraulic
vibrators. In Vestnik KHNADU, vol. 57, pp. 161-165. (In Ukrainian:
Metodika  eksperementalnogo  doslidzhennia  parametria
vibropluga z gidravlichnimi vibratorami)

LUKASHOK, M. A. — KORNEYV, D. V. 2009. Method of friction decrease
on plow’s bottom. In AlImanac of Modern Research and Education,
vol. 25, no.6, pp. 113-115. (In Russian: Metodsnizheniya treniya,
voznika y ushegona korpusr pluga)

NADYKTO, V. - KOTOV, O. 2015. UA 97828, G 01 N/00. Method for
Determining Soil Density. Ukraine.

NIYAMAPA, T.— SALOKHE, V.M. 2000. Force and pressure distribution
under vibratory tillage tool. In Journal of Terramechanics, vol. 37,
no. 3, pp. 139-150.

NKAKINI, S. O. - AKOR, A. J. 2012. Modeling tractive force
requirements of wheel tractors for disc ploughing in sandy loam
soil. In International Journal of Engineering and Technology, vol. 2,
no. 10, pp. 1707-1716.

OWEN, R.R. - CYCLER, J. E. - TRIBBLE, R.T. 1959. Patent no. 2,913,060.
Moldboard Plow with Plastic Resin Covering.

PANOV, A. 2015. Statistical evaluation of quality of rotary tiller
performance. In VESTNIK of Federal State Educational Institution
of Higher Professional Education “Moscow State Agroengineering
University named after V.P. Goryachkin’, vol. 66, no. 2, pp. 14-27.
PAVLYUK, A. S. - SOTNIKOV, D. V. 2014. Decreasing methods
of agricultural machines draft resistance. In Polzunov Vestnik,
vol. 1, no. 4, pp. 7-13 (In Russian: Metody snizheniyaty
a govogosoprotivleniy a pchvo obrabatyvayuchikh mashin)
POLAKOVA, N. - DOSTAL, P. 2019. Titanium and stainless steel
MIG LSC welding. In Acta Technologica Agriculturae, vol. 22, no. 2,
pp. 56-59.

ROMANUK, N. N. - AGEYCHIK, V. A. - NUKESHEV, S. O. -
KONDRATENYA, V. N. 2016. Original construction of mounted
vibrating plow. In Actual Problems of Formation of Personnel
Potential for the Innovation Development of AIC. Minsk: BSATU,
pp. 353-357. Available at http://rep.bsatu.by/handle/doc/1090
SHMULEVICH, I. = ASAF, Z. — RUBINSTEIN, D. 2007. Interaction
between soil and a wide cutting blade using the discrete element
method. In Soil &Tillage Research, vol. 97, no. 1, pp. 37-50.

UTKIN, L. A. 1986. Electro-hydraulic effect and its application in
industry. Leningrad: Mashinostroenie, 253 pp. (In Russian: Elektro-
gidravlicheskiieffekt | ego primenenie v promishlennosti).

O




DOI: 10.2478/ata-2020-0008

Juraj Jablonicky et al. Acta Technologica Agriculturae 1/2020

Acta Technologica Agriculturae 1
Nitra, Slovaca Universitas Agriculturae Nitriae, 2020, pp. 46-52

MONITORING OF SELECTED PHYSICAL AND CHEMICAL PARAMETERS OF TEST
OIL IN THE WET DISC BRAKE SYSTEM

Juraj JABLONICKY', Mirko SIMIKIC?, Juraj TULIK*, Milan TOMIC?, Lubomir HUJO', Jan KOSIBA'

'Slovak University of Agriculture in Nitra, Slovak Republic
“University of Novi Sad, Serbia

Paper presented is focused on the operating measurements of a tractor wet disc brake system. Operating measurements were
evaluated after tractor’s operation at 500 Mth on the 3", 4™ and 5™ gear. Reference fluid and ecological fluid were tested during
operation. In addition, work results include the evaluation of the fluid samples taken during the operational tests to monitor
the tractor braking performance with wet disc brakes. Fluid samples were also tested in order to determine the changes in their
physico-chemical properties. Chemical analysis was performed for both oil samples by means of X-ray fluorescence analysis
according to the DIN 51829 and DIN 51399-2. Observed physical properties of the tested oils — density, viscosity, acid number, water
content — were within the appropriate ranges after the end of test. Further analysis was focused on an amount of abrasive metals,
contaminants, additives, and other important elements. On the basis of analyses conducted, it can be concluded that majority of
elements preserved their original level showed at the 0 reference hour sample. In terms of the abrasion metals, an increase in their
presence was not found. Furthermore, analysis of the physical properties of tested fluids did not prove their negative impact on
the tractor wet disc brake system. Results of the operating measurements suggest that neither the applied conference fluid nor
the ecological fluid showed negative effect on the minimum braking value. The minimum braking deceleration was implemented

in accordance with the Law no. 106/2018.

Keywords: agricultural tractor; deceleration; ecological oil; physical analysis, chemical analysis

Agricultural technology has a negative impact on all
elements of the environment (Kucera et al., 2016). The ever-
increasing number of mobile transport devices causes air
pollution and soil and water contamination with pollutants
that burden the environment. It was reported that more
than 60% of all lubricants end up in soil and water (Majdan
et al., 2013). Together with oil and lubricant manufacturers,
producers of mobile transport devices develop special
products that are environmentally friendly. Application of
suitable ecological oils significantly reduces the damages
to the environment, sewer network and communications in
case of oil leakage (Janosko et al., 2014; 2010).

Environmental protection has been topical for several
years, and it becomes a preferred issue in the established
trend of economic development (Majdan et al., 2018; Téth
et al, 2014; Kosiba et al., 2013). According to Janosko et
al. (2016) and Cedik et al. (2018), ecological technologies
and corresponding technique will become an essential
part of everyday life. In addition to acceleration, there
is deceleration — braking with specific type of braking
system - during the movement of mobile energetic devices.
Kaminski and Czaban (2012) stated that an efficient vehicle
breaking system is necessary for road safety and in regards
to road safety, the braking system of agricultural vehicles
has to meet several requirements, including the required
braking performance.
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One type of brake systems that use oil fillings is called
wet disc brake. Friction elements and applied oil fillings
are important parts of wet disc brakes (Jablonicky et al.,
2019). According to Mang et al. (2010), friction is a passive
resistance with the opposite direction of action as the relative
movement of the friction surfaces. Merely the oil filling in disc
wet brake influences the durability of friction elements, as
well as the heat dissipation and factors associated with brake
efficiency. As it was reported by Tkac et al. (2014), in practice,
mineral oils, synthetic fluids and ecological fluids are the most
used for the purposes of gear lubrication and energy transfer.
According to Hujo (2017), Hujo et al. (2015), Tulik (2013),
Dostél et al. (2019), Hlavac et al. (2019), the viscosity, viscosity
index, stability, oxidation, compressibility and shear stability
are key physical properties of fluid in terms of lubrication
and energy transfer. The viscosity may decrease or increase
during the oil utilization. Helebrant et al. (2001) reported that
an increase in viscosity may be caused mainly by oxidation of
products or oil contamination. On the contrary, its decrease
is mainly caused by mechanical and thermal degradation of
the additives. In relation to viscosity, Stopka (2018) pointed
out that low viscosity in oils provides a thin lubricating film,
resulting in limited lubrication conditions. This leads to metal-
to-metal contact and damage of the system components.
When two moving metal surfaces get into contact due to
insufficient lubrication, excessive wear can occur due to cold
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welding and thus damage of the components. Aim of this
paper was to provide the operating measurement of the wet
braking system of tractor Zetor Super 5321. Furthermore,
a reference oil sample and ecological oil were also tested. The
results were compared in accordance with the established
methodological procedure. Subsequently, the braking effect
of the tractor’s wet disc brakes was evaluated, and the physical
properties of the oil fillings used were tested. Testing of
these oils was to demonstrate whether it is possible to fully
replace the reference oil sample with ecological oil and what
impact the wet brakes have on the tractor in terms of the
degradation processes in the tested oils.

Material and methods

Characteristics of the reference fluid

The reference fluid was mineral oil with additives for
increasing of the load-carrying of lubricating film. Basic
parameters of the reference fluid are shown in Table 1. It
guarantees good lubrication properties, high resistance to
oxidation and high load-carrying capacity. The reference
fluid is intended for lubrication of mechanical transmissions
in vehicles and drive axles requiring properties like SAE
80W - 90 with performance level API GL. It is intended
for lubrication of vehicles working under demanding
operational conditions and suitable for lubrication of
mechanical gearboxes and axle drives of vehicles and
trucks, construction machines, agricultural machinery, and
other gear applications.

Table 1 Basic parameters of the reference fluid
Properties Units Values
Density at 40 °C kg-m? 878
Kinematic viscosity at 40 °C mm?s’' 146
Kinematic viscosity at 100 °C mm?s’ 15
Viscosity index - 103
Freezing point °C -27

Characteristics of the ecological fluid

Ecological fluid was ecological universal synthetic tractor oil.
Basic parameters of the ecological fluid are shown in Table 2.
Itis intended for manual gearboxes, axle drives transmission
and gear power take-off shafts, steering gears, hydraulic
systems of tractors and their equipment, wet brakes,
clutches and hydrodynamic gears.

Table 2 Basic parameters of the ecological fluid*
Properties Units Values
Density at 40 °C kg-m? 899
Kinematic viscosity at 40 °C mm?s”’ 80
Kinematic viscosity at 100 °C mm?s’ 15
Viscosity index - 202
Freezing point °C -48

*The physico-chemical analysis was carried out in accredited laboratory
of Kltiber Lubrication
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Methodology of service brake measurement

The service brake was controlled according to the
Methodological Instruction of the Slovak Republic Act. No
106/2018, which states the inspection operations related to
the vehicle braking system. The measurement purpose was
to determine the maximum deceleration of the tractor’s oil
brakes. Under the prescribed conditions, the tractor-type
vehicle must be capable of achieving the minimum braking
effect prescribed by the brake deceleration (z,,;,). Evaluation
of the set of measured values on the basis of the service brake
measurement on the tractor Zetor 5321 was performed by
means of mathematical and statistical analysis and software
STATISTICA version 12. Mathematical and statistical data for
oils fillings included:

- determination of the number of required experiment

repetitions;

— extreme value test;

- conformity test of the sample with constant;

— conformity test of the sample — Pearson y? test;

- determination of hypotheses to assess the impact of

tested oils on the system of wet disc brakes.

Values of braking deceleration were monitored by
XL-meter. The XL-meter measures with accuracy of +1%.
The expanded uncertainty for XL-meter was determined for
expansion coefficient k = 2 with 95% probability. Statistical
methods were considered with a significance level o. = 0.05.

For a comprehensive assessment of the test oil and for
the purpose of assessing the effect of ecological oil on the
service brake efficiency, the measurements were performed
after operation at 500 Mth with three gears engaged.

Therefore, the value of deceleration was monitored
during sequential shifting of the 3", 4" and 5" gears in the
Zetor Super 5321 tractor. As a brake oil filling, the reference
oil filling was used, which was replaced by ecological fluid
on the service interval.

On the basis of reference measurements of the braking
effect of the service brake with the original oil filling, it was
possible to make comparisons with data obtained from
ecological oil filling measurements.

Considering the 3™ and 4™ gears, the tractor did not
exceed 25 km-h" and thus the deceleration results were
compared with the minimum deceleration z,,, = 23%.

By shifting to the 5" gear, according to the manufacturer,
Zetor Super 5321 achieves a maximum speed of 30 km-h™;
therefore, the deceleration results were compared with
a minimum deceleration of z,,,,, = 28%.

Sampling of the tested hydraulic fluid was performed
in accordance with the standard STN 65 6207. After the
operational test, the physical properties and chemical
analyses of the tested oils were evaluated. The evaluation
focused onchangesintheamount of water content, total acid
number, density and kinematic viscosity after operation at 0,
250 and 500 Mth. QOil viscosity and density measurements
were performed by means of the Stabinger viscometer
“Anton Paar” STN EN 16896. The total acid number (TAN) is
used to determine the quantity of acidic components in the
oil sample. Specification of changes in TAN was performed
according to the ASTM D644 A.The water content in oils was
measured according to Karl Fischer titration (KF). Monitoring
of chemical elements in the tested oils was performed by
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means of X-ray fluorescence analysis according to DIN
51829 and DIN 51399-2. The physico-chemical analysis was
carried out at accredited laboratory of Kliiber Lubrication by
means of test devices that are regularly calibrated and have
the required measurement accuracy.

Values of minimum braking deceleration
using reference fluid

On the basis of achieved results, it can be stated that
the minimum values of deceleration at 500 Mth given
by the legislation were exceed by 2.70% at the 3 gear
and by 10% at the 4™ gear. With the 5™ gear engaged,
the tractor exceeds the deceleration value determined
by the legislation by 6.50%. The average results of three
consecutive measurements at each gear after 500 Mth are
shown in Table 3.

Values of minimum deceleration using ecological fluid

On the basis of obtained results shown in Table 4, it can be
stated that, in contrast to deceleration values specified by
legislation, the minimum deceleration values after 500 Mth
were exceed by 9.60% at the 3 gear and by 9.10% at the
4™ gear. Considering the 5" gear, the tractor exceeded the
minimum deceleration value by 1.35%. The average results
of three consecutive measurements at each gear after

Average braking deceleration was calculated on the
basis of EHK Regulation no. 13 as follows:

vi-v? }
MFDD=—"—¢t— m:s~ Q)
25.92(s, —s,)
where:
v, - initial vehicle speed, km-h
v, — vehicle speed at 0.8 v, km-h"
v, - vehicle speed at 0.1 v, km-h
s, — distance travelled between v, and v, m

S,

. distance travelled between v, and v, m

Evaluation and analysis of physical
properties of tested oils — changes in density
at40°Cand 100 °C

Fig. 1 shows the course of the density of tested oils at 40 °C
depending on the tractor hours worked; Fig. 3 shows the
course of the density of tested oils at 100 °C depending on
the tractor hours worked.

Evaluation and analysis of physical properties
of tested oils — kinematic viscosity change

The values of kinematic viscosity (Figs. 2 and 4) are translated
by linear function. For the reference sample, linear function
of kinematic viscosity at 40 °C can be calculated using Eq. 2
and at 100 °C using Eq. 3:

500 Mth are shown in Table 4. Vyo=-0.0237t + 14528 mm?s’ @)
Values of braking deceleration were measured at 0; 250; 2 A
) e Vigo =-0.0045t + 15.154 mm=s 3
and 500 Mth; however, paper presented takes into account 100 3
only braking deceleration values at 500 Mth, because the oil where:
change interval of tractor Zetor 5321 is 500 Mth. '
) . . t - number of tractor hours worked, Mth
In relation to the physico-chemical analyses of reference
and ecological oil, oils samples were taken at 0; 250; and
500 Mth in order to determine trends and potential oil
degradation.
Table 3 Measured values of the braking deceleration using reference
3" gear 4" gear 5% gear Units
Braking path, s, 3.59 5.12 11.26 m
Initial speed, v, 12.11 19.52 29.94 km-h™'
Braking time, T, 1.75 1.81 3.30 s
Braking deceleration, *MIFDD 2.52 3.24 3.39 m-s?
Deceleration, z 25.70 33.00 34.50 %
* MFDD - average values of braking deceleration
Table 4 Measured values of the braking deceleration using ecological oil
3" gear 4" gear 5% gear Units
Braking path, s, 2.50 6.67 18.10 m
Initial speed, v, 12.47 19.96 29.97 km-h™
Braking time, T, 1.30 2.10 3.26 s
Braking deceleration, *MIFDD 3.20 3.15 2.88 m-s?
Deceleration, z 32.60 32.10 29.35 %

* MFDD - average values of braking deceleration
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Fig.2 Kinematic viscosity course of tested fluids at 40 °C
depending on the number of tractor hours worked

For the ecological sample, linear function of kinematic
viscosity at 40 °C can be calculated by means of Eq. 4 and at
100 °C by means of Eq. 5:

Vio=-0.0118t+80.4 mm*s’ (4)
Vigo=-0052t +15.077 mm?*s’ (5):
where:
t - number of tractor hours worked, Mth

The course of viscosity at 100 °C is due to the activation
of specific elements, which are contained in the organic oil,
caused by increased temperature.

Evaluation and analysis of physical properties
of tested oils — acid number change

Fig. 5 shows the dependence of the acid number of tested
oils on the number of tractor hours worked. The values of acid
number are translated by linear function. Linear function of
acid number for the reference sample can be calculated by
equation Eq. 6, and by Eq. 7 for the ecological fluid:

tan =-0.0004t + 0.36 mm?s’ (6)

Fig.4 Kinematic viscosity course of tested fluids at 100 °C
depending on the number of tractor hours worked

tan =-0.0002t + 0.5667 mm?*s’ 7)

where:
t — number of tractor hours worked, Mth

For the purpose of observation of changes in acid
number, the samples were collected with weight ranging
from 0.35 g to 0.55 g for both oils, with weighing accuracy of
0.10 g. The values correspond to the acid number range from
0.05 to <1.0 mg-KOH-g™". Both oils showed results within the
tolerance given by legislation a thus it can be concluded that
no degradation process occurred after 500 Mth operation.

Evaluation and analysis of physical properties
of tested oils - change in water content
The water content values (Fig. 6) are translated by linear
function, which can be calculated by Eq. 8 for the reference
sample, and by Eq. 9 for the ecological sample:

Si0=-2%10°t+0.0038 % (8)
Suo=-2X10°+0.0212 % &)
where:
t - number of tractor hours worked, Mth
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Fig.5 Acid number course of tested fluids depending on the
number of tractor hours worked

Fig. 6 shows dependence of the changes in water content
in tested oils on the number of engine hours worked. On
the basis of laboratory analysis of tested oil, it is possible to
conclude that the upper limit of water content in oils was
not exceeded. The water content coefficient for both oils

Fig.6 Water content course of tested fluids depending on the
number of tractor hours worked

tested is R* = 0.75. The maximum permissible water content
is 0.1% in hydraulic oils and 0.3% in gear oils.

The sampling and evaluation of oil samples were carried
out by an employee from an accredited laboratory of Kliber
Lubrication. Samples were taken from the system of wet

Table 5 X-ray fluorescence analysis (Oilquant.) — analysis of basic particles for reference and ecological oils
Chemical Symbol Units Sampling interval
element . X X
reference oil ecological oil
Oh 250 h 500 h Oh 250 h 500 h
aluminium Al mg-kg” <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
molybdenum* Mo mg-kg™ <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
tin Sn mg-kg” <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
titan Ti mg-kg™ <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
nickel Ni mg-kg™ <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
Wear metals
chrome Cr mg-kg™ <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
cooper Cu mg-kg™ <10.0 <10.0 <10.0 <10.0 10 10
iron Fe mg-kg <10.0 <10.0 <10.0 <10.0 <10.0 10
lead Pb mg-kg™ <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
zinc* Zn mg-kg” <10.0 <10.0 <10.0 22 <10.0 <10.0
silicon* Si mg-kg™ <10.0 <10.0 <10.0 62 48 52
Contaminants sodium Na mg-kg™ <50.0 <50.0 <50.0 <50.0 <50.0 <50.0
potassium K mg-kg™ <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
barium Ba mg-kg™ <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
magnesium Mg mg-kg™ <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
Additives phosphorus P mg-kg™ 129 226 253 143 187 198
zircon Zr mg-kg” <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
calcium Ca mg-kg” <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
=
Others manganese Mn mg-kg <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
important chlorine @ mg-kg™ <20.0 <20.0 <20.0 <20.0 <20.0 <20.0
elements 1
sulphur S mg-kg 14,460 18,170 18,336 825 4,190 4,230

* Element that can serve also as an additive
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disc brakes of tractor Zetor 5321 after specified number
of tractor hours worked. Sampling was performed only
once in accordance with the methodological procedure of
STN 65 6207. The laboratory performed three consecutive
measurements of the physico-chemical properties of tested
oils, on the basis of which the arithmetic means were
calculated. Evaluated samples were translated by linear
function with an appropriate coefficient R?, which is shown
in Figs. 1-6. On the basis of the coefficient of determination
R?, it would be possible to state that the linear functions are
not suitably selected and if the individual measurement
points were translated by polynomial function, the
coefficient of determination would reach the value R* =
1.00. Due to the scarcity of data, utilization of a polynomial
function of the first degree would by physically inaccurate.
The polynomial would pass through all points with the
determination coefficient R = 1.00, which might seem like a
suitable function; however, the linear function has a greater
informative value in this case.

Both oils showed only minor changes in their physical
properties. The connection of points would not be
appropriate, because there would be no trend of increasing
or decreasing in observed physical and chemical properties
of tested oils after oil change interval.

Evaluation of chemical analysis of tested oils in wet
disc brake system

In addition to the monitoring of physical properties, an X-ray
fluorescence analysis was performed. During operation,
mechanical wear occurs in the tractor’s hydraulic system and
thus the abrasive particles are produced. Their production
is a natural effect, which is unavoidable under practical
conditions. A certain small amount of wear particles can also
be found in a new oil, since additives may contain these in
this case. However, if the particle size increases significantly,
it may indicate an issue or malfunction of any part of the
hydraulic system or - as in this case — wet brake system.The
X-ray fluorescence analysis (Oilquant.) according to the DIN
51829 and DIN 51399-2 was aimed at the concentration
determination of important chemical elements in the
reference and ecological oils (Table 5).

The samples collected in operational tests were also
subjected to X-ray fluorescence analysis. The analysis was
focused on testing of reference oil and ecological oil in
terms of the content of abrasive metals, contamination,
additives and others important elements (Table 5). On the
basis of performed analysis, it is possible to conclude that
the majority of elements remained at original level of the
reference sample (0 tractor hours worked). Considering
the content of abrasive metals, increase in their occurrence
was not observed. In terms of contaminants, only silicon
was activated as additive, and in terms of additives, only
a negligible increase in phosphorus was observed. Sulphur
was a significant element that was activated, which also
serves as protection against wear and abrasion, as well as
a source of base oil.

Conclusion

Operational measurements of the wet disc brake system in
Zetor Super 5321 were determined.

Juraj Jablonicky et al.

Two types of oil fillings were tested — a reference oil
sample and an ecological oil.

Results of the operational measurements evidence
that neither the reference fluid nor the ecological fluid
had negative impact on the minimum braking value. Test
results in form of graphical dependencies described the
changes in physical properties of tested oils. The courses
of the individual curves were translated by linear functions
with specification of the determination coefficient. Values
of the determination coefficient and calculated mean error
of the correlation coefficient sr confirmed the reliability
of the correlation coefficient, which is a purity measure of
tested oils. The correlation coefficient — which characterizes
the degree of contamination of the tested oils in this case
- confirms the results of analyses in terms of the physical
oil properties. At the end of test, both oils showed only
minor changes in their physical properties; they did not
show any corrosion and negative impacts on the wet
brake system of Zetor Super 5321. This was confirmed by
the chemical analysis of tested oils according to the DIN
51829 and DIN 51399-2. Furthermore, oil samples were
also subjected to X-ray fluorescence analysis, which was
carried out at an accredited laboratory Kliber Lubrication.
The analysis was aimed at testing of both oils in terms of
content determination of abrasive metals, contaminants,
additives and other important elements. On the basis of
performed analysis, it can be concluded that majority of
the elements remained at the original level of the reference
0 hour sample. Considering the abrasive metals, no increase
in their values was not observed. In terms of contamination,
only silicon was activated as additive. In regards to additives,
only the increase in phosphorus in a negligible amount
was observed. Considering the important elements, only
sulphur was activated; it serves as a protection against wear
and abrasion, as well as a source for the base of ecological
oil. Experiment conducted confirmed that the ecological
oil shows comparable properties to reference oil. Both oils
showed only minor changes in their physical properties
after completion of operational and laboratory tests. They
did not cause corrosion and had no negative impact on the
wet brakes system used in tractor Zetor 5321. The results of
operational tests and subsequent physico-chemical analysis
of samples may serve as a background material for design
and development of friction materials used in wet disc brakes
system and oil fillings for this type of brakes system. Tested
ecological oil is a suitable substitute for conventionally
made oils, especially when tractor works in environmentally
sensitive areas.Theissue of practical measurement of the wet
disc brakes system in tractors with application of ecological
oil are new and no authors have dealt with it yet. In terms of
approving the technical condition of braking systems, merely
the braking deceleration is evaluated according to Law no.
106/2018 and the impact of applied oils on properties, such
as friction materials, contamination of oil fillings and their
influence on values of braking deceleration, are not taken
into account. From this point of view, the results can be
considered original. The research was focused on potential
negative effects of used ecological oil on the wet disc brakes
system. Considering the ecological oil application, attention
was focused on safety in terms of the minimum braking
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deceleration and degradation of friction materials, which
was monitored by physico-chemical analyses.

Acknowledgment

This work was supported by AgroBioTech Research
Centre built in accordance with the project “Building the
AgroBioTech Research Centre” [TMS 26220220180.

This work was supported by the project VEGA 1/0155/18
“Applied Research of the Use of Ecological Energy Carriers in
Agricultural, Forestry and Transport Technology”.

ASTM D644. 2015. Standard test method for acid number of
petroleum products by potentiometric titration. Hach Company/
Hach Lange GmbH.

CEDIK, J. - PEXA, M. — PETERKA, B. — HOLUBEK, M. — MADER,
D. - PRAZAN, R. 2018. Effect of biobutanol-sunflower oil-diesel
fuel blends on combustion characteristics of compression
ignition engine. In Acta Technologica Agriculturae, vol. 21, no. 4,
pp. 130-135.

DIN 51399-2. 2010. Testing of lubricants — Determination of
elements content of additives, wear and other contaminations. Part
2: Wavelength dispersive X-ray fluorescence spectrometry (XRF).
DIN 51829. 2010. Petroleum products — Determination of additive
and wear elements in greases — Analysis by wavelength dispersive
X-ray fluorescence spectrometry.

DOSTAL, P. - ROZLIVKA, J. - KUMBAR, V. 2019. Operational
degradation of engine oil in agricultural technology. In Acta
Technologica Agriculturae, vol. 21, no. 1, pp. 17-21.

EHK Regulation No 13 of the Economic Commission for Europe of
the United Nations (UN/ECE). 2015. Uniform provisions concerning
the approval of vehicles of categories M, N and O with regard to
braking, [2016/194], 2015.

HELEBRANT, F. — ZIEGLER, J. - MARASOVA, D. 2001. Technical
Diagnostic and Reliability I. Tribodiagnostic. Ostrava : VSB -
Technical University of Ostrava. (In Czech: Diagnostika a spolehlivost
I. Tribodiagnostika)

HLAVAC, P. - BOZIKOVA, M. - PETROVIC, A. 2019. Selected physical
properties assessment of sunflower and olive oils. In. Acta
Technologica Agriculturae, vol. 21, no. 3, pp. 86-91.

HUJO, L. - KANGALOV, P. G. — KOSIBA, J. 2015. Laboratory test
devices for evaluating the lifetime of tractor hydraulic components:
proceedings, methods and applications. Ruse : Angel Kanchev
University of Ruse, 69 pp. (scientific monograph)

HUJO, L. 2017. Design of Laboratory Test Device for Testing of
Hydrostatic Transducers and Hydraulic Fluids Used in Mobile
Energy Devices. Nitra : Slovak University of Agriculture in Nitra,
158 pp. (In Slovak: Navrh laboratérneho zariadenia pre skusanie
hydrostatickych prevodnikov a hydraulickych kvapalin vyuzivanych
v mobilnich energetickych prostriedkoch)

JABLONICKY, J. - OPALENY, P.- UHRINOVA, D. - TULIK, J. - SAVIN, L.
2019. Influence of ecological fluid on the wet disc brake system of
the tractor. In 7" International Conferencie on Trends in Agricultural
Engineering 2019, Prague, pp. 218-224.

JANOSKO, I. - CERNECKY, J. - BRODNIANSKA, Z. - HUJO, L.
2016. Environmental Technologies and Engineering. Nitra
Slovak University of Agriculture in Nitra, 306 pp. (In Slovak:
Environmentalne technoldgie a technika)

JANOSKO, I. - POLONEC, T. - LINDAK, S. 2014. Performance
parameters monitoring of the hydraulic system with bio-oil.
In Research in Agricultural Engineering, vol. 60, special issue,
pp. 37-43.

JANOSKO, I. - SIMOR, R. - CHRASTINA, J. 2010. The bio-oil testing
used in the hydraulic system of the vehicle for waste collection. In
Acta Technologica Agriculturae, vol. 13, no. 4, pp. 103-108.
KAMINSKI, Z. — CZABAN, J. 2012. Diagnosing of the agricultural
tractor braking system within approval tests. In Eksploatacja
i Niezawodnosc — Maintenance and Reliability, vol. 14, no. 4,
pp. 319-326.

KOSIBA, J. - TKAC, Z. - HUJO, L. - STANCIK, B. - STULAJTER, .
2013.The operation of agricultural tractor with universal ecological
oil. In Research in Agricultural Engineering, vol. 59, special issue,
pp. 27-33.

KUCERA, M. - ALES, Z. - PEXA, M. 2016. Detection and
characterization of wear particles of universal tractor oil using
a particles size analyser. In Agronomy Research, vol. 14, no. 4,
pp- 1351-1360.

Law No. 106/2018. Law on the operation of vehicles in road traffic
and on amendments to certain Acts.

MAJDAN, R.- OLEJAR, M. - ABRAHAM, R. - SAREA, V.- UHRINOVA,
D. - JANOSOVA, M. - NOSIAN, J. 2018. Pressure source analysis
of a test bench for biodegradable hydraulic oils. In Tribology in
Industry, vol. 40, no. 2, pp. 183-194.

MAJDAN, R. - TKAC, Z. - KANGALOV, P. G. 2013. Research of
Ecological Oil-Based Fluids Properties and New Test Methods for
Lubrication Oils. Ruse : Angel Kanchev University of Ruse, 98 pp.
(scientific monograph)

MANG, T. - BOBZIN, K. = BARTELS, T. 2010. Industrial Tribology:
Tribosystems, Friction, Wear and Surface Engineering, Lubrication.
Wiley, 672 pp. ISBN: 978-3-527-32057-8.

STN 65 6207. 1986. Hydraulic oils and liquids. Sampling for
determination of mechanic impurities.

STN EN 16896. 2017. Petroleum products and related products —
Determination of kinematic viscosity - Method by Stabinger type
viscosimeter.

STOPKA, J. 2018. Lubrications and environment. In Tribotechnika,
pp. 46-49. (In Slovak: Maziva a Zivotné prostredie)

TKAC, Z. - MAJDAN, R. - KOSIBA, J. 2014. Research of Properties
of Ecological Fluids and New Testing Method of Lubricating Oils.
Nitra : Slovak University of Agriculture in Nitra., 94 pp. (In Slovak:
Vyskum vlastnosti ekologickych kvapalin a novych testovacich
metdd mazacich olejov)

TOTH, F. - RUSNAK, J. - KADNAR, M. - VALIKOVA, V. 2014. Study of
tribological properties of chosen types of environmentally friendly
oils in combined friction conditions. In Journal of Central European
Agriculture, vol. 15, no. 1, pp. 185-192.

TULIK, J. 2013. Analysis of hydraulic fluids properties used in
hydraulic systems of transport and handling technics. Nitra : Slovak
University of Agriculture in Nitra. (In Slovak: Analyza vlastnosti
hydraulickych kvapalin pouzivanych v hydraulickych systémech
dopravnej a manipulacnej techniky) (PhD thesis)

1




	1_Determining Trafficked Areas Using Soil Electrical Conductivity – A Pilot Study
	2_Change of Mechanical Properties of Zinc Coatings After Heat Treatment
	3_Microstructures and Elemental Distribution of Magnetic Field Pre-Treated Fluted Pumpkin Leaf
	4_The Effects of Tillage and Fertilizers on Growth Characteristics of Kabuli Chickpea Under Mediterranean Conditions
	5_Gyroscopic Effect in Machine Working Assemblies
	6_Factors Affecting the Adoption of Agricultural Automation Using Davis’s Acceptance Model (Case Study Ardabil)
	7_Influence of the Plough with Tekrone Mouldboards and Landsides on Ploughing Parameters
	8_ Monitoring of Selected Physical and Chemical Parameters of Test Oil in the Wet Disc Brake System

