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Factors influencing the wear of standard
cultivator shares under practical operating
conditions

Moritz Gombert, Susanne Demba, Kai Potthoff, Wilko Fliigge, Sandra Rose

Abrasive wear is the main process involved in the wear of agricultural tillage tools. The aim
of the study was to determine whether thermal coating increases wear resistance. In prelim-
inary tests, different coatings were tested by an ASTM G65 constant load abrasion test. The
shares were thermally coated using Iron based arc spraying. The elements were mounted on
the cultivator and analyzed in field tests against uncoated elements. Mass loss in g/ha and
length change in mm/ha were used to determine abrasive wear. No significant influence of
different coatings on wear could be found. The wear of uncoated shares was the same as the
thermally coated shares. In some cases, the thermally coated shares were even more worn.
This may indicate an early failure of the coating. One possible cause could be poor adhesion
between the alloy and the tool material. Therefore, a correct coating of tillage tools is import-
ant to improve their wear resistance.
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Mechanical soil cultivation in agriculture involves very high energy consumption and a high use of
resources (DENISENKO et al. 2025). In this context, tool life is considered one of the most important
criteria in terms of material quality and cost-effectiveness (LISTAUSKAS et al. 2024). High wear rates
lead to material losses, recurring labor costs, increased fuel consumption, downtime, energy losses,
and replacement costs for worn parts (MALVAJERDI 2023). Essentially, the costs incurred by the farm-
er depend on the tool life of the cultivator shares and the price of the share tips. For example, carbide
or plasma-powder-coated shares, which are more expensive than standard shares, must offer a tool
life that is 2.5 to 4.9 times longer for the price to be economically viable for the farmer (HANDLER et al.
2015). In addition to the tool life of the shares, however, the installation time required to replace worn
shares should not be overlooked. Replacing a complete set of shares can take up 1.5 hours of labor
(RENFERT-DEITERMANN 2018). Furthermore, studies show that shares with a shorter tool life require
more frequent replacement, thereby significantly increasing costs. The Natural Research Council of
Canada reports total annual costs of $940 million caused by wear and tear alone (JAcoB et al. 2017).
Farmers in Australia spend more than $40 million annually on replacing duckfoot sweeps (JACOB et
al. 2017, MALvAJERDI 2023). Furthermore, working depth and quality changes as wear increases over
time. For example, worn share tips increase the required draft force and thus also fuel consumption
(TuracANoOVA et al. 2022). Therefore, it is very important to explore various wear protection mech-
anisms that can extend the tool life of materials and thereby reduce costs. Various manufacturing
techniques have been developed to improve the wear resistance of tools. For example, heat treat-
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ment techniques, build-up welding, peening techniques, hard coating and thermal coating techniques
(ARAMIDE et al. 2021, HoMBERG and RosTEK 2014, LEMECHA et al. 2024, MALVAJERDI 2023, SAYGILI
et al. 2025). In principle, these techniques have great potential to increase the tool life of materials.
However, the studies also reveal contradictory results. On the one hand, positive effects were achieved
between untreated steel and treated steel (SINGH et al. 2020). On the other hand, only minor progress
was achieved (NALBANT and PArALl 2011). To date, there is no clear evidence in the literature as to
which treatment method in combination with which alloy achieves reliable results. Furthermore, it
is unclear which combination also achieves economically viable results. The recording and quanti-
fication of all physical wear parameters that occur during tool-soil interactions represent a major
challenge for the agricultural practice.

During soil cultivation, the tools of agricultural tillage equipment are exposed to high dynamic
loads as they come into contact with the mineral substances in the soil (HOMBERG and ROSTEK 2014).
The wear process is controlled by various environmental influences, such as the material composition
of the steel, the mechanical and chemical composition of the soil, soil compaction, distance travelled,
tool position, working depth and working speed (Owsiak 1997). One of the most common challenges
is material wear of the tools. This process is described in the literature as abrasive wear. There are
several types of abrasive wear. The process that applies to soil cultivation is referred to as low-stress
abrasion. This is a dry, unlubricated contact between the soil and the tillage tools (YU and BHOLE
1990). Hard soil particles impact the softer surface of the material along the direction of movement.
This vertical contact movement causes small scale furrows, smaller scale cutting or cracks to scale
in the material. This leads to the material fracturing and being worn away (ARAMIDE et al. 2021). Re-
searchers report that conventional materials are mostly made of simple low alloy steels or mild steel
and therefore have low wear resistance (ARAMIDE et al. 2021, HOMBERG and ROSTEK 2014, SIDOROV et
al. 2021, Yu and BHOLE 1990).

Various wear protection systems have become established in agricultural soil cultivation, which
are essentially based on a combination of suitable material selection, heat treatment, structural de-
sign and additional surface protection layers (WANG et al. 2023). The aim is to increase the service
life of the tools under abrasive soil conditions without unduly impairing the breaking or bending
strength of the base body. The basis of many tool systems is the use of highly wear-resistant steels, in
particular boron-alloyed and tempered steels. These materials are designed to combine high abrasive
wear resistance with sufficient toughness. The hardness is often adjusted by means of suitable heat
treatment so that the base body ensures the necessary load-bearing behavior, while the edge areas
are protected against abrasion from soil particles, for example by induction or flame hardening on
cutting edges (Yazici 2021).

Another established principle is constructive wear protection. Here, wear is concentrated on spe-
cific components that can be replaced easily and cost-effectively, e.g. using quick-change mecha-
nisms. Typical examples are replaceable or reversible shares and tips. Reversible designs also allow
the same component to be used multiple times before replacement is necessary. The base body of the
tool (e.g. tine carrier, share holder) is thus decoupled from areas of direct wear and protected in the
long term (YAzic1 2021).

Hard surfacing is often used to further increase service life. This involves applying hard-faced
weld layers (e.g. chrome or carbide-containing systems) to areas subject to particular stress, such as
front edges, undersides or the noses of chisels and shares. These layers are significantly harder than
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the base material and delay material wear. The design of the weld overlay (number of layers, geome-
try, alloy) is tailored to the specific soil conditions, such as sand content or stone content (MALVAJERDI
2023).

An alternative to this is thermal spraying, in which powder or wire-shaped filler materials are
applied to the tool surface using a plasma jet or electric arc in order to increase resistance to erosion,
cavitation and corrosion. This application will be the focus of the following considerations (MOHRKE
et al. 2024).

For highly demanding and intensive applications, the use of hard metals, typically tungsten car-
bide, has also become established. These are soldered or welded on in the form of plates. This type of
coating enables very long service life under extremely abrasive conditions, but is more cost-intensive
and requires a suitable design of the joint zone to avoid brittle fractures (MALVAJERDI 2023).

The selection of these systems for practical use is generally based on the type of equipment, the
intensity of use and the type of soil. In order to achieve an optimized balance between service life,
costs and operational safety, different combinations are often used.

Natural soil systems are complex systems as they are typically highly heterogeneous and variable
over time (WANZEK et al. 2018). Therefore, the wear mechanisms at work within them are subject
to pronounced fluctuations in terms of moisture content, porosity, particle size distribution, grain
shape, organic content, mineralogy, and the density and distribution of larger solids (e.g. stones or
gravel). In addition, combined forms of stress often occur in real-world applications, such as the
superimposition of sliding, rolling and impact stresses under changing mechanical and hydraulic
boundary conditions. In particular, shock and impact stresses caused by larger particles can only be
approximated in standardized test procedures.

Laboratory tests are the central methodological starting point for the quantitative evaluation of
wear processes. They enable the targeted generation of tribological stresses under strictly controlled
and reproducible boundary conditions and thus form the basis for systematic material and process
characterization. Standardized or partially standardized test benches are generally used for this pur-
pose, which allow for defined variation of key influencing factors such as normal force, sliding or
rolling distance, relative speed, grain size distribution, and type and feed rate of the abrasive. This
experimental control allows wear phenomena to be considered in isolation and complex chains of
influence to be broken down step by step (BUHRKE et al. 2018).

The resulting key scientific challenge is to combine the high precision and comparability of stan-
dardized laboratory tests with sufficient realism. While laboratory tests generate highly reproduc-
ible parameters, their significance for specific operational applications is only directly transferable
to a limited extent. Field measurement trips, on the other hand, have the advantage that the actual
operating conditions are recorded directly. Energy requirements, process forces and the formation
of characteristic wear patterns can be recorded under realistic conditions using measurement tech-
nology. The data generated in this way is highly relevant in practice, as it reflects the actual stress
on the tools and the superimposition of various wear mechanisms in real-world use. These include
the combined effect of abrasive and adhesive wear mechanisms, the interactions between soil mois-
ture and tool material, and the dynamically varying loads resulting from different working depths
and driving speeds (BUHRKE et al. 2018). However, these strengths are associated with considerable
methodological limitations. Field trials are usually costly, time-consuming and only reproducible to
a limited extent (SWANSON et al. 1993). Even slight variations in soil conditions, climatic influences
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or different farming practices can significantly alter the measurement results and limit their compa-
rability. In addition, conducting extensive test series under practical conditions is organizationally
demanding, so that only a limited number of application scenarios can be systematically recorded
(MAMKAGH 2019).

Therefore, a targeted combination of laboratory and field tests should enable practical wear testing
under realistic conditions. Since there are no known reliable, direct correlations between the two
approaches, a combination of both methods is required. For example, a laboratory test can be used
to preselect potentially suitable coating systems, while the actual validation takes place in the field
(WANG et al. 2023).

The aim of the study is to investigate whether and which thermal coating can reduce wear on soil
cultivation tools. Thereby, it is hypothesized that thermal coating generally reduces the wear on soil
cultivation tools.

Material and methods

Laboratory tests

A widely used reference method for characterizing dry abrasive wear is the ‘dry sand/rubber wheel’
method described in ASTM G65 (ASTM INTERNATIONAL 2021). In this method, a flat sample surface
is pressed against a rotating rubber wheel with a defined normal force. The load intensity can be
adapted to various applications, for example to simulate abrasion loads ranging from low to high in-
tensity. The purpose of the preliminary test was to investigate the most wear resistant combination
of cultivator share, coating technique and chemical composition of the alloy. Two different coating
techniques were tested and then compared with each other. One was atmospheric plasma spraying
(APS), consisting of an APS coating based on iron molybdenum and aluminum (FeMoAl). The other
was arc spraying (LBS), consisting of an LBS coating based on iron (Fe).

First, the surfaces of some sample pieces were blasted with a corundum blasting agent (F24).
These were then thermally coated. Tests based on the ASTM G65 standard have shown that the LBS
layer has the highest wear resistance compared to the APS layer. Compared to the average mass loss
on an uncoated test piece, the mass loss on an APS sample was approximately 30% lower. Using LBS,
the mass loss was even reduced by 60% (Table A1 in the Appendix). For this reason, the individual
share tips for the following field tests were thermally sprayed with the Fe-based LBS coating. The
coating height on the share tips was around 12.5 centimeters. Arc spraying was carried out in accor-
dance with DIN EN ISO 12670.

Due to the clearly defined test parameters, the method offers a high degree of reproducibility
and is widely used internationally, making material properties from different studies comparable. At
the same time, it should be noted that ASTM G65 ideally represents dry three-body abrasion under
defined contact geometry. Complex real-world stresses, in particular changing moisture contents,
combined impact, sliding and rolling loads, and heterogeneous soil mixtures, are therefore only par-
tially covered. However, in combination with other application-specific test methods, ASTM G65 can
serve as a standardized reference for classifying the abrasion resistance of materials and quantifying
relative performance differences under well-defined conditions.
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Field experiments

The cultivator used in the field experiments is a widely applied implement in agricultural practice
for efficient and high-capacity soil tillage in arable farming. The machine has a working width of
4 m and is designed as a four-bar frame construction, which ensures good soil flow through the
structure and a reduced tendency to clogging. In total, 15 tines are mounted, resulting in an average
tine spacing of approximately 270 mm (Figure 1). The tines are mounted in a straight configuration
on the frame, while their lower section is bent. This geometry results in an inclination angle of
about 55° relative to the soil surface, which significantly influences soil penetration and loosening
performance. Each tine is equipped with a so-called Topmix share including a deflector plate. This
80 mm wide share is designed as a universally applicable standard tool, allowing flexible use across
different tillage systems. In the present experimental setup, the share was additionally combined
with a winged share in order to achieve an enhanced lateral soil movement. The share geometry fol-
lows a three-stage functional principle consisting of a shallow entry zone at the front, a progressive
curvature for controlled soil lifting, and a subsequent transition into a mixing or homogenisation
zone. This design combines reduced draft requirements during soil entry with intensive horizontal
soil displacement in the central working section and a controlled rearward soil flow in the trailing
area. The comparatively large curvature radius in the front section of the share results in a soil en-
try angle of approximately 30°, thereby enabling a smooth force transfer into the soil and a stable
material flow along the share geometry.
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Figure 1: Arrangement of the cultivator shares - the shares were arranged so that each row of shares contained one
uncoated share (blue), one thermally sprayed share (red) and one thermally coated and post coated share (yellow);
the yellow boxes represent the track in which the dummys ran (green)

For the field tests described here, a standard scenario was chosen in which all influencing factors
were as similar as possible. This ensured that the cultivator shares with their different coating vari-
ants could be compared. The thermally sprayed shares were mounted on the towed 4-bar cultivator
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‘Kockerling Quadro 400’. Three different locations were then cultivated on with three different assem-
blies (Table 1).

Table 1: All coatings for all individual shares (P) sorted by assemblies used in this investigation with OEM = Original
Equipment Manufacturer and IAM = Independent Aftermarket

Assemblies
1. Assembly 2. Assembly 3. Assembly
OEM parts OEM parts OEM and IAM parts
Assemblies OEM pats uncoated IAM parts uncoated IAM parts uncoated
on ‘Kéckerling P0.1/P0.2/P0.3 P16/P17/P18 P28p/P29p/P30p
Quadro 400’ OEM parts thermally sprayed  |AM parts thermally sprayed OEM parts one side coated
P4/P5/P6 P10/P11/P12 P1/P2/P3
OEM parts thermally sprayed IAM parts thermally sprayed OEM parts one side coated
+ post coated + post coated + copper band coat
P7/P8/P9 P13/P14/P15 P1.1/P1.2/P1.3

The shares were arranged in each assembly so that three different manufacturing techniques run
side by side in each row (Figure 1).

All locations were cultivated at a working speed of 10 km/h and a working depth of 15 cm. The
working depth was set on the cultivator beforehand and then checked using a folding rule. The field
trial was carried out using a John Deere 7230R with 650 mm wide tires (Figure 1). This is equipped
with a John Deere DGPS system. The DGPS ensured that track overlaps were limited to just a few cen-
timeters. The tractor drove in a straight lane, track by track. Thef working speed was set via the drive
lever. This enabled the tractor to maintain a constant speed. The average speed values were displayed
on the tractor terminal.

According to the farmers determination, the soil type for the first and second assemblies was
sandy clay loam (sL). The soil type for the third assembly was a mixture of sandy clay loam and clay
loam sand (sL and Ls) (SPONAGEL 2005). The field trials were conducted on July 20, 2023, and the fol-
lowing days. The previous crop was barley, which had been harvested about a week earlier. This was
followed by the first stubble cultivation using a Kdckerling Quadro 400 cultivator at a working depth
of approximately 20 cm on the harvested field. Conditions were very dry during the trials. However,
the moisture content was not measured. The straw was baled and removed. It was worked in A-B lines.
The headland was omitted.

The first assembly cultivated a total area of 55 hectares. The manufacturing techniques were
untreated (UT), thermally sprayed (TS) and thermally sprayed and post treated (TS and PT). This
assembly used OEM (Original Equipment Manufacturer) parts of cultivator shares. The second con-
figuration cultivated a total area of 48 hectares. The manufacturing techniques were the same as with
the first assembly. These were IAM (Independent Aftermarket) parts of cultivator shares. The third
assembly cultivated a total area of 26.5 hectares. The manufacturing techniques were untreated (UT),
coated on one side (COS), and coated on one side with copper bond coat (COS and CB). The copper
bond coat is used as a wear indicator and should improve coating adhesion. OEM and IAM parts of
shares were used for this purpose. Dummies ran in the lanes of the three assemblies. However, these
were not considered in the evaluation.

Mass loss in g/ha (ML) and length change in mm/ha (LC) were defined as criteria for wear resis-
tance in this study. The ML was determined by weighing the shares before they were mounted on the
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cultivator. The shares were then weighed again after the field trial had been completed. The difference
between the two weighings gave the ML. The LC was calculated from the difference between unused
shares before the field trial and the worn shares after the trial had been completed. The LC was mea-
sured using a folding rule.

Statistical analyses
Data were analyzed using the R 4.5.1 software package (The R Foundation for Statistical Computing,
Vienna, Austria). The describedBy-function of the “psych” package version 2.6.3 (REVELLE 2026) was
used to calculate the descriptive statistics for ML and LC. As the tools should shorten in a similar ratio
to the mass loss, Pearson’s correlation coefficient (r) was additionally used to estimate the correlation
between ML and LC. The data were tested for normal distribution using the Shapiro-Wilk test.
Generalized linear models (GLM) were used to estimate the influence of treatment and assemblies
on both measured traits. Given that the data were normally distributed for ML, GLM was performed
with ‘identity’ link function. For LC, GLM was performed with the Poisson distribution and the ‘log’
link function. The null hypotheses for both response variables were that there were no influences of
the tested factors. The following model was used to calculate the influence of the treatment and the
assemblies on both ML and LC:

Yij =+ BiTi + BoAj + &5 (Eq. 1)

where yij s the observed values of the i-th treatment (i = untreated, thermally sprayed, thermally
sprayed and post treated, one side coated, one side coated and copper bond coat) and the j-th assembly
(j = A, B, C) for ML and LC; u is the overall mean; 3, is the fixed effect of treatment T; (i = untreated,
thermally sprayed, thermally sprayed and post treated, one side coated, one side coated and copper
bond coat); 8, is the fixed effect of the assembly Aj (J=A, B, C), €jj is the residual. All tests were per-
formed at a significance level of 0.05 and all estimated values are given with the standard error of
the mean.
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Results

Correlation between mass loss and length change

The values of ML decreased monotonically with decreasing LC. The Pearson correlation coefficient
between the two traits was r = 0.89 (p < 0.001). The relationship between ML and LC is presented as
a counter check in Figure 2.
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Figure 2: Correlation between tine/share mass loss and length change. Significance levels: *** p < 0.001;
**p<0.01; * p<0.05; results with p < 0.05 were considered statistically significant, field experiment 2023

The regression of the graph is linear with a positive slope (m = 0.113). Subsequently, the correla-
tion between mass loss and length change in the manufacturing techniques of all assemblies was
presented in Figure 3. It can be seen here that the regression slope in the coated shares tend to be
flatter than those of the untreated tools. This suggests a stronger correlation between mass loss and
length change. Statistical tests showed that the regression slopes between the treatment groups do
not differ significantly (p = 0.055).
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Figure 3: Correlation between tine/share mass loss and length change sorted by treatments, UT = untreated,
TS = thermally sprayed, TS and PT = thermally sprayed and post treated, COS = coated on one side,
COS and CB = coated on one side and copper bond coat; in field test on site A,B,C in 2023

Mass loss and length change

On average, ML was 6.82 + 0.80 g/ha, 8.43 + 0.67 g/ha, 8.15 + 0.61 g/ha, and 5.33 + 0.97 g/ha for un-
treated, thermally sprayed, thermally sprayed and post treated and one side coated tools, respectively
(Table A2 in the Appendix). Thereby, ML ranged from 2.51 g/ha to 9.42 g/ha in untreated tools, from
5.81 g/ha to 10.39 g/ha in thermally sprayed tools, from 5.98 g/ha to 9.99 g/ha in thermally sprayed
and post coated tools, and from 3.54 g/ha to 6.86 g/ha in one side coated tools (Figure 4).
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Figure 4: Boxplots showing the minimum and maximum (whiskers), median (line in the box), interquartile range
(length of the boxes) of the mass loss of the tested tillage tools per assembly with UT = untreated, TS = thermally
sprayed, TS and PT = thermally sprayed and post treated, COS = one side coated, COS and CB =one side coated and
copper bond coat

The results of the GLM show a significant influence of assembly on ML (p = 0.0003). Thereby, as-
sembly C significantly differs from both assembly A (p = 0.0009) and assembly B (p = 0.0057) with
lower ML values for assembly C, respectively. No significant influence of the treatment on ML could
be found.

The average values of LC were 0.72 + 0.13 mm/ha, 0.83 + 0.05 mm/ha, 0.87 + 0.06 mm/ha,
0.55 = 0.07 mm/ha, and 0.69 + 0.06 mm/ha for untreated, thermally sprayed, thermally sprayed
and post treated, one side coated, and one side coated and copper bond coat tillage tools, respectively
(Figure 5). Depending on the treatment, LC ranged from 0.11 mm/ha (untreated), 0.73 mm/ha (ther-
mally sprayed), 0.69 mm/ha (thermally sprayed and post treated), 0.42 mm/ha (one side coated), and
0.57 mm/ha (one side coated and copper bond coat) to 0.1.13 mm/ha (untreated), 1.04 mm/ha (ther-
mally sprayed), 1.04 mm/ha (thermally sprayed and post treated), 0.64 mm/ha (one side coated), and
0.75 mm/ha (one side coated and copper bond coat). According to the GLM, neither the treatment nor
the assembly significantly influenced LC.
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Figure 5: Boxplots showing the minimum and maximum (whiskers), median (line in the box), interquartile range (length of
the boxes) of the length change of the tested tillage tools per assembly with UT = untreated, TS = thermally sprayed, TS and
PT = thermally sprayed and post treated, COS = one side coated, COS and CB = one side coated and copper bond coat

Discussion

The wear and tear of tillage tool were investigated in both laboratory and farm tests using ML and LC
as criteria for wear resistance. Thereby, a positive correlation between these criteria could be found.
This close correlation shows that the two traits can generally accurately represent wear resistance.
The correlation between ML and LC tended to be stronger in coated compared with untreated tools.
This could indicate a positive effect on wear resistance of the thermally sprayed tools. In comparison
to these assumptions, it was shown that the wear resistance can generally be increased by various
coating techniques (ARAMIDE et al. 2021, LEMECHA et al. 2024, LISTAUSKAS et al. 2024).

Mass loss and length change are good indicators for wear investigations because they represent
direct, measurable effects of material degradation. Mass loss reflects the actual amount of material
removed through abrasion, erosion, or corrosion, making it a clear measure of substance loss. Length
change indicates wear or deformation, for example due to surface abrasion or permanent plastic de-
formation under load. Both parameters are objective, easy to measure, and allow reliable comparison
between different materials and operating conditions, which makes them well suited for quantitative
wear analysis.

In coated tools, the correlation between mass loss and length change is generally stronger because
wear occurs in a more uniform and surface-controlled manner. The coating acts as a homogeneous
protective layer, so its gradual removal leads to a more direct and proportional relationship between
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material loss and geometric change. In uncoated tools, wear is typically more heterogeneous, involving
localized abrasion, micro-chipping, plastic deformation, and adhesive effects. As a result, mass loss and
length change do not always evolve proportionally, which weakens their correlation.

Neither ML nor LC were affected by thermal coating during the present investigation. The soils in the
field trials were highly heterogeneous and contained both large and small stones. The smaller particles
were associated with the sandy soil fractions. No spalling caused by impact loads was observed during
the field tests. Similar findings were reported by NALBANT and PALALI (2011), who showed that under
certain operating conditions coated tools exhibited wear rates comparable to those of uncoated tools.
This suggests that the thermal coating was unable to provide a significant stabilizing effect under the
prevailing field conditions. One possible explanation is premature failure of the coating layer caused
by insufficient adhesion between the coating and the substrate. Another explanation may be that the
coating system is less suitable for curved share surfaces, whereas improved adhesion could potentially
be achieved on flatter surfaces (KusSHWAHA et al. 1990). KAROONBOONYANAN et al. (2007) reported minor
chipping on tool surfaces caused by interactions between soil particles and the tool material. Repeated
impacts of small stones may contribute to local damage, especially in soils with a higher proportion of
coarse abrasive particles. Although no chipping or spalling was observed in the present study, such
mechanisms may still have contributed to coating degradation at a microscopic scale.

In addition, soil texture plays an important role in abrasive wear. According to MALVAJERDI (2023),
abrasive wear increases with increasing sand particle size. Furthermore, LISTAUSKAS et al. (2024) re-
ported that wear rates are primarily governed by abrasive soil constituents such as silicon and alumini-
um oxides, whose hardness exceeds that of the tool material. However, despite the comparatively sandy
soil conditions (sL, Ls), assembly C exhibited a lower mass loss than assemblies A and B. This indicates
that sand content alone cannot explain the observed wear behavior.

The literature describes various relationships between soil moisture and the wear of soil cultivation
tools. On more sandy soils, the wear resistance of shares often decreases as soil moisture increases.
This is primarily attributed to the effect of dissolved salts, which increase the activity of the absorption
medium and thereby promote the dispersion of the share material (Foupa and EL-TARHUNY 2010). Fur-
thermore, it is reported that increasing soil moisture reduces soil hardness. The lower soil hardness
leads to a reduction in soil pressure on the share and thus to a lower wear rate (NATsis et al. 2008).
However, the interaction between soil type and water content is decisive for the actual wear rate. On
sandy soils, the wear rate often increases with rising soil moisture. On loamy soils, however, a different
behavior is observed. There, the wear rate initially increases with rising soil moisture up to a certain
optimum. If this moisture level is exceeded, a further increase in water content leads to a reduction in
the wear rate of tillage tools (SINGH et al. 2017). These findings show that the interactions between soil
type, soil moisture and the material properties of the tool can be highly complex. Wear behavior cannot
therefore be explained solely by soil type or grain size distribution. In this context, soil moisture could
provide a possible explanation for the lower wear rate of assembly C compared to assemblies A and B,
even though the soil conditions there were comparatively sandier. In addition, the heterogeneous soil
conditions suggest that additional factors, such as particle size distribution, stone content, local loading
conditions, or differences in impact stresses, may have influenced the wear mechanisms and partially
outweighed the expected effect of increased sand content.

The resistance of a tool to abrasive wear is strongly influenced by its hardness. HOMBERG and Ros-
TEK (2014) stated that the material hardness should be approximately 1.3 times higher than that of
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the attacking abrasive particles to minimize wear. However, increased hardness does not necessarily
result in improved wear resistance. Excessive hardness may reduce toughness and increase suscepti-
bility to brittle damage. Consequently, the balance between hardness and toughness determines which
wear mechanisms dominate under field conditions (Yazic1 2024). Considering these aspects, the limited
performance of the LBS coating may be related to a combination of insufficient coating adhesion and
inadequate mechanical properties of the coating system. In particular, an unfavorable balance between
hardness and toughness could have accelerated coating degradation under abrasive soil conditions. In
addition to abrasive soil properties, coating adhesion and material hardness, the choice of alloy may also
have influenced the overall wear behavior. While composite materials such as wolfram carbide (WC-Co-
Cr) or chromium carbide nickel (Cr3C2-NiCr) exhibited high wear resistance, this was not the case for
aluminum oxide (A1203) coatings (KANG et al. 2012, KAROONBOONYANAN et al. 2007). This suggests that
the wrong alloy was used for abrasive wear in this study.

Furthermore, the laboratory results can only be applied to real field tests to a limited extent. The
abrasive medium used in the laboratory tests does not reflect the complex soil properties (CURLEY and
JosepH 2017). This means that certain alloys achieve positive effects under laboratory conditions with
consistent abrasion stress. However, under practical conditions in the field, they cannot withstand the
stresses of the soil. More comprehensive data collection under practical conditions could be ensured in
the future by adding sensors. This could include optical sensors (e.g., 3D scanners, photogrammetry),
acoustic sensors (e.g., recording vibrations), or sensors that directly record measurements from the
tractor (e.g., traction force requirements, fuel consumption). Furthermore, sensors for the continuous
analysis of layer thickness could be installed. All this collected data could thus provide insights into the
wear behavior and geometric changes of the cultivator tines. In addition, it would be conceivable to in-
corporate cyclic impact loads into the standard abrasion test. This would likely bring the test somewhat
closer to realistic conditions. This includes high dynamic loads and shock movements (HOMBERG and
Rostek 2014). YU and BHOLE (1990) already pointed out that ASTM G65 is not a good test standard for
preliminary tests due to the use of a standardized dry sand mixture as an abrasive medium.

Furthermore, the small number of samples could limit the statistical significance of the results. Nev-
ertheless, the observed trends show a clear tendency that is comparable to previous studies.

Conclusions

The results of this work show that thermal coating using Fe-based arc spraying did not increase the
tool life. Both ML and LC of the untreated and thermally coated tools were at a similar level. Therefore,
the established hypothesis cannot be confirmed. In some cases, the coated tools even exhibited higher
wear rates, which indicates premature material collapse. In addition, the surfaces of the tool material
were subject to high abrasive stress due to the soil types (sL, Ls). Although the LBS coating exhibited
high wear resistance under laboratory conditions, it could not be confirmed under practical field con-
ditions. This indicates, above all, a lack of transferability of the results from the laboratory to the field.
Overall, the results show that it is possible to extend the tool life if influencing factors such as material
composition, soil properties, hardness values and alloy type were taken into account to a greater extent.
However, under practical conditions, there are numerous influencing factors that affect the wear of tool
surfaces. It is not possible to take all influences into account. In order to be able to make statements
about the performance of thermal coatings, further field tests under realistic soil and load conditions
are necessary.
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