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Abstract: This paper deals with the evaluation of the resistance of weld deposit materials to abrasive 
wear. Abrasive wear is one of the degradation processes of metallic materials. Intensive manifestation of 
abrasive wear is on the tools of agricultural machinery working in soil conditions (e.g. plow tine, etc.). We 
determined the relative resistance to wear on the basis of a tribological test defined by the standard ČSN 01 
5084. For selected additional materials, we state the suitability of their use in conditions where abrasive wear 
prevails. By creating weld deposit on the working parts of the machines, it is possible to reduce wear and thus 
extend the technical life of the machines. 
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INTRODUCTION 
Agricultural machinery in operation is exposed to the various types of wear. Specific 

wear conditions cause imbalances in the service life of individual machine parts. This mainly 
applies to tools, which are exposed not only to the influence of the soil itself (type, grain size), 
but also to the chemical aggressiveness (pH, humidity). 

The wear mechanism is a complex phenomenon due to the connection with factors 
whose intensity of interaction depends on the working conditions in the environment in which 
the mechanical parts are used on the working parameters of the device and on the material 
properties of the contacting surfaces. (Zdravecká, 2011). 

The basic precondition for the prevention of degradation processes caused by abrasion 
is the appropriate choice of technical material intended for conditions with increased wear. 
The internal microstructure of the material is also important, which should withstand the 
dynamic influences and the action of external forces on the tillage tools. With increased 
dynamic stress, damage to the entire tool can occur due to the low toughness of the material. 
For this reason, it is possible to apply the abrasion-resistant layer only in the area of the 
greatest abrasive wear. (Novák et al., 2015; Votava et al., 2019). 

By creating the abrasion-resistant layer on the functional part of the tool, it is possible to 
reduce wear and thus extend the technical life of the agricultural machine. Use of weld 
deposit is the most affordable and economically advantageous way to reduce wear on the 
functional surfaces of the work tool. There are currently a large number of hardfacing 
materials with different mechanical properties on the market. 

It is possible to determine which additive material resists abrasive wear during the 
laboratory or the operational tests. The operational tests correspond to the actual operation of 
the agricultural machine in specific soil conditions. The laboratory tests can simulate 
operating conditions or define prescribed parameters that characterize certain material 
properties. 

The aim of the paper is to define the resistance of the selected additional materials used 
in welding to conditions of intensive abrasive wear. We evaluate the resistance of additional 
materials on the basis of measuring the hardness of welds and determining the relative 
resistance to the abrasive wear according to the relevant standards. 

MATERIAL AND METHODS 
We have selected five additional materials for laboratory testing, which are commonly 

available on our market. Selection of the additional materials was based on the achievable 
hardness of the created weld deposits stated by the manufacturer. We also took into account 
the chemical composition of the additional materials, especially the effect of carbon and 
chromium on the resulting structure of the weld deposit. Many authors (Bujna et al., 2013; 
Kalincová et al., 2016; Kováč – Mikuš et al., 2014) have concluded in their work that the 
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increased hardness of weld deposit has an effect on the increased resistance of materials to the 
abrasive wear. 

The hardness of HRC and the chemical composition of the materials according to the 
manufacturer are given in Table 1. Electrode E-B 518 is suitable for weld deposit functional 
surfaces resistant to wear while simultaneous impact stress. The Fluxofil 59 electrode is a 
tubular wire with a basic filling characterized by higher toughness and resistance to severe 
shocks and impacts. The rutile-basic electrode E-660 is suitable for weld deposit with medium 
resistance to compressive stress and metal-to-metal friction wear. The basic hardfacing weld 
deposit electrode Hard Fro 600 is suitable for functional surfaces resistant to the mineral 
abrasion and wear. The rutile-basic electrode HB 60 is resistant to medium wear due to the 
abrasion, impact and pressure. 

Table 1 Indicative chemical composition of electrodes and hardness HRC 

Material / Chemical 
element, % C Cr Si Mn Ni Mo V W Hardness 

HRC 
E-B 518 3.5 29.0 < 1.5 < 1.5 – – – – 54÷58 
Fluxofil 59 0.7 7.0 < 0.7 < 1.1 < 1 < 2.5 – < 2 53÷59 
E-660 1.0 4.5 0.5 1.5 – – – – 55÷60 
Hard Fro 600 0.5 7.5 0.75 0.45 – 0.45 0.7 – 55÷57 
HB 60 1.0 4.5 0.5 1.3 – – – – 55÷60 

HRC hardness measurement was performed in accordance with STN EN ISO 6508 - 
Rockwell hardness test with hardness scale C (diamond cone, loading force 1471 N). 

The suitability of the use of the mentioned electrodes in the conditions of the abrasive 
wear is determined on the basis of the standard ČSN 01 5084 - Determination of the 
resistance of metallic materials against abrasive wear on a device with an abrasive cloth. The 
given standard for the calculation of relative resistance defines as a standard material - steel 
class 12 014.20. 

The conditions for the test itself were as follows: 
̶ friction speed     - max. 0.5 m.s-1 
̶ transverse feed per revolution  - 3 mm 
̶ diameter of the friction path   - 480 mm 
̶ friction path length   - 50 m 
̶ pressing pressure level  - 0.32 MPa 
̶ abrasive cloth    - Globus 100 
̶ sample length    - 50 mm of diameter 10 mm 
The evaluation criterion for determining the resistance under laboratory conditions is 

the "relative resistance to the abrasive wear (ψabr.)", which is calculated according to the 
formula: 

 h

hE
abr W

W
=.ψ

 (1) 
Where: WhE – average weight loss of standard test specimens, g 

Wh – average weight loss of test specimens of test material, g 
The creation of weld deposits and the tests themselves were performed in the laboratory 

conditions of the Department of Quality and Engineering Technologies at Faculty of 
Engineering at Slovak University of Agriculture in Nitra, Slovakia.  

RESULTS AND DISCUSSION 
The determined average values of weight loss, relative wear resistance and hardness of 

HRC are given in Table 2. A graphical representation of the detected values is shown in 
Figures 1 to 3. 
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Table 2 Measured and calculated average values when testing samples 

Electrode / weld 
deposit 

Weight loss, g Wear resistance ψabr. Hardness HRC 
1st layer 2nd layer 1st layer 2nd layer 1st layer 2nd layer 

E-B 518 0.1466 0.1226 2.49 2.91 53.4 56.1 
Fluxofil 59 0.1129 0.1035 3.24 3.45 55.4 57.3 
E-660 0.1389 0.1269 2.63 2.81 55.3 56.4 
Hard Fro 600 0.1829 0.1402 2.00 2.54 54.0 56.5 
HB 60 0.1805 0.1714 2.02 2.08 56.9 59.1 
Etalon 12014.20 0.3655 0.3566 1 1 20.4 20.7 
 

Based on the obtained data, we state that the highest relative resistance and thus the 
smallest weight loss were achieved by the Fluxofil 59 deposit in both methods of weld deposit 
formation. The lowest value of relative resistance was achieved by the Hard Fro 600 material 
with a single-layer weld deposit. HB 60 achieved the lowest relative resistance in the two-
layer weld deposit. It should be noted that Fluxofil 59 and Hard Fro 600 had comparable 
carbon and chromium contents, but different molybdenum contents, with a certain nickel and 
vanadium content. 

For all tested additive materials, we recorded lower values of weight loss in the two-
layer weld deposit. This is probably due to the different mixing of the filler material with the 
base material during welding deposit. It can be assumed that in the case of a two-layer weld 
deposit, the proportion of the additive material is higher than in the base material. 

By comparing the dependence between the weight loss and the hardness of the weld 
deposits, a different order of the additional materials can be seen with respect to the abrasion 
wear resistance. This is due to the percentage of individual chemical elements in the weld 
deposit metal structure. The influence of individual elements on the resulting microstructure 
of the created weld deposits is the subject of further research.  

 
 

 
Fig. 1 Weight loss of samples in 1- and 2-layer welding deposit 
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The value of relative resistance to abrasive wear has a comparative significance not only 
between the additional materials tested by us, but also with the results of other authors. 
Votava et al. (2020) achieved a relative resistance ψabr.=1.5÷2.2 for electrodes with a basic 
coating. For electrodes with rutile coating, they achieved a relative resistance ψabr.=3.6. Kováč 
et al. (2014) achieved values of relative resistance in the range of ψabr.=1.5÷1.7 when 
saturating the surface with boron. Muller et al. (2011) achieved relative resistance 
ψabr.=1.9÷3.1 when monitoring martensitic deposits. And when monitoring ledeburitic weld 
deposits, it reached a relative resistance ψabr.=2.7÷3.1. He evaluated the relative resistance of 
stellites as well, while reaching the relative resistance ψabr.=1.9÷2.7. 

 
Fig. 2 Hardness HRC welding deposit 

 
Fig. 3 Relative wear resistance ψabr. 
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The laboratory tests against the abrasive wear have a significant comparative character 

between individual additional materials. The main advantage is the constant conditions during 
the entire test. The test can be one of the primary indicators of the suitability of a given 
material for use in the specific operating conditions, e.g. in the case of the abrasive wear. 
(Votava et al., 2020) 

Based on the testing of the samples, it is generally possible to state that with increasing 
hardness of the weld (from 1-layer to 2-layer weld) we achieved a reduction of wear in all 
weld deposits. Reducing weight loss in operation will result in greater resistance to the 
abrasive wear and thus longer service life of the tillage implements.   

CONCLUSION 
Agricultural machinery and their parts are exposed to the various degradation processes 

during operation. Each production organization is looking for different ways to reduce 
unwanted repair costs and extend the technical life of work tools. One possibility is to create 
functional layers on the wear-resistant surface tools. There are several ways to form the 
abrasion resistant layers on various tools of agricultural machinery, e.g. Kováč et al. (2014), 
Čičo et al. (2019), Kalincová et al. (2016). 

In this paper, we dealt with the assessment of the resistance of the additional materials 
to abrasive wear. We assessed the suitability of the use of additional materials on the basis of 
hardness and determination of the relative resistance to the use of individual weld deposits. 
The results obtained by the weld deposits tested by us are similar to those achieved by other 
authors in their scientific works. Therefore, we consider the given additional materials to be 
suitable for use in the formation of wear-resistant layers. 

By creating the abrasion-resistant layers, you can significantly extend the technical 
service life of the tillage parts of agricultural machinery. In the future, it is necessary to 
continue in this area of the research and constantly look for new ways to reduce wear and thus 
reduce operating costs. 
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