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Abstract 

The article describes abrasive wear resistance determination of selected electrodes. Produced welds 

has been tested in laboratory conditions for hardness and relative resistance according to the stand-

ard (ČSN 01 5084). Achieved results confirmed the increase of welds abrasive wear resistance. Se-

lected electrodes are suitable for a creation of abrasion resistant layers, which can lead to extension 

of working life cycle of agricultural machinery.  
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INTRODUCTION 

The area of the functional parts of agricultural machinery life extension is always up to date.  

Latest researches results allow solve this problem by application of expensive materials and technolo-

gies. Working parts of the machines in agricultural production are subjected to the intensive wear, 

particularly due to presence of abrasive particles in soil. During the motion of the active parts in the 

soil, the metal is heavily worn and thereby rapidly changing tool dimension and reducing its life.  

Improving of the working life cycle of machinery is related to the abrasive wear principles research in 

laboratory and/or operating conditions.  

There are various possibilities of solving this problem in maintenance practice now. A modern solu-

tion is to produce active parts using new wear resistant materials (Votava, & Kumbár, 2014; Bednár et 

al., 2013). The main advantage is simple replacement of worn part by new one. Abrasive resistance 

can be also achieved by mechanical and heat treatment or chemical heat treatment (Kováč et al., 2014; 
Mikuš et al., 2012). The solution with a future is the creation of abrasive resistant layer on the surface 

of active parts by harfacing (Šoška et al., 2014; Müller et al., 2018). 

A success of the creation the wear resistant layer depends not only on the quality and properties of 

used materials, but on the type of the application technology as well. Higher hardness and wear re-

sistance, improved fatigue strength and corrosion resistance increase can be achieved by selection of 

proper material and technology.  

The aim of this article is to assess the resistance of selected hardfacing materials to abrasive wear. For 

comparison we will use two electrodes applicable in agricultural industry with a focus on extending 

the working life of machinery parts. The difference between electrodes will be in the directional chem-

ical composition. We assume that by increasing the carbon & chromium content it possible to reach a 

very hard surface already with the first layer. We determine the resistance of used weld deposits by 

testing in laboratory conditions with measuring hardness & determining the relative wear resistance. 

 

MATERIALS AND METHODS 

The abrasive resistance of filler materials is determined using electrodes of WELCO Ltd., Uherský 

Brod. They are used in renovation to get hardfaced surfaces for small & middle-sized businesses.  

The hardfacing process was carried out using a common welding supply according the manufacturer 

recommended technological process.  

Short characteristics of selected materials declared by the manufacturer: 

 Welco 1701s designed on chromium-carbide basis is used for abrasive wear at moderate im-

pact stress. In comparison to similar types of electrodes, it is characterized mainly by im-
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proved control of the weld pool. The deposit is flat with easily removable slag. It is suitable 

for worn machinery parts used in the coal, earth, gravel, sand mining, for hardfacing welds of 

dredges, conveyor screws and machine parts with operation temperature up to 200° C. 

 Welco 1707s is universal hardfacing electrode. It is applicable for the tools from steel, cast 

steels and hard Mn-steels worn due to simultaneous shock, pressure and abrasion wear. An 

application is easy with well removable slag, with very small spraying, no undercuts and with 

yield of 120%. It is suitable for worn parts of excavators, cylinders, chains, constructions and 

road machinery and cold cutting tools.  

 

Table 1 describes the chemical composition of additive materials and hardness defined by manufactur-

er HV30. The hardness of HV30 has been achieved with the welding of first layer.  

 

Tab. 1 Indicative chemical composition of electrodes and hardness HV30 

Material C Mn Si Cr Mo V Nb W Fe 
Hardness 

HV30 

Welco 1701s 4.3 1.3 - 38 0.8 0.5 0.03 1.3 rest 650-700 

Welco 1707s 0.4 0.3 0.8 8 1 0.6 - - rest 515-690 

 

Wear resistance and HV30 hardness has been determined in the laboratory of the Department of 

Quality and Engineering Technologies FE SUA in Nitra. The test instrument has been calibrated and 

meets relevant standards requirements as well. The hardness test has been carried out according to the 

standard STN EN ISO 6507 – Vickers hardness test. The penetrating pin is a diamond pyramid with 

a load of 294 N. To determine the wear resistance standard ČSN 01 5084 – Determination of abrasion 

resistance of metal materials on abrasive cloth has been used. The standard describes the procedure 

which has been followed. During the test, weight loss of both welded and standard samples have been 

measured. Standard test material for comparison has been steel 12014.20 with hardness range 

HV=95÷105.  

As an assessment criterion abrasive wear relative resistance (𝛹𝑎𝑏𝑟.) has been defined: 

𝛹𝑎𝑏𝑟. =
𝑊ℎ𝐸

𝑊ℎ
          (1) 

WhE stands for average weight loss of standard (g), Wh stands for average weight loss of test materials 

(g).  

 

RESULTS AND DISCUSSION  
Evaluation criteria (relative resistance and hardness) are evaluated for one-, two- and three-layer de-

posits. All results obtained are average values of the measured samples. Table 2 shows measured val-

ues for weight loss and HV30 hardness measurements. Figure 1 shows the wear resistance. 

 

Tab. 2 Values of measuring weight loss and hardness HV30 

Material 
Weight loss Hardness HV30 

1st layer 2nd layer 3rd layer  1st layer 2nd layer 3rd layer 

Welco 1701s 0.1682 0.1404 0.1069 640 711 785 

Welco 1707s 0.2133 0.1940 0.1801 500 577 679 

Standard  0.3614 104 

 

Based on the results obtained, we do conclude that increase of the hardness means higher relative wear 

resistance. Increase of relative resistance leads to the cut of material loss and it results in improved life 

cycle of the parts of the machines. This relation has been achieved with both filler materials and with 

multiple deposit layers as well. Higher resistance to abrasive wear was observed for Welco 1701s elec-

trode.  

Increasing wear resistance can also be achieved by using tool steels. The authors Votava, & Kumbár, 

2014; Bednár et al., 2013 achieved the relative resistance in the range of ψabr. = 1.91 ÷ 2.75.  
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They have proven their value in practice in laboratory and operational tests. The relation of increased 

hardness and improved increases wear resistance has also been confirmed by other authors (Ťavodová 

et al., 2018; Votava, 2014; Pauliček et al., 2014) in their research. 

 
Fig. 1 Graphical representation of wear resistance Ψabr.. 

 

Favourable results of deposit wear resistance can be achieved in testing of filler and powder materials 

in operation conditions (Kováč et al., 2014; Mikuš et al., 2012; Müller et al., 2018). These authors 

confirm the suitability for the application of such weld deposits on ploughs. Hardfacing deposits creat-

ed on chisels (Čičo & Bujna, 2009; Čičo & Bujna, 2011) achieved reduced wear compared to the non-

welded ones as well.  

The wear resistant layer can also be created by chemical-heat treatment, e.g. with boron saturation. 

The authors (Kováč et al., 2013) state that increase in hardness and relative wear resistance in the 

range of ψabr. = 1.2 ÷ 1.7 can be obtained by controlling the diffusion processes. For wear resistance 

and hardness, it is necessary to ensure that the base metal matrix contains chromium carbides (Vináš et 

al., 2013). Laser application of powder filler material (Kovaříková et al., 2011) allow to achieve rela-

tive resistance ψabr. = 3.2 ÷ 5.1. 

The Welco 1701s electrode contains significantly increased chromium content. Compared to the Wel-

co 1707s electrode the content of carbon is increased and the electrode has a small fraction of niobium 

with tungsten. Chromium with carbon produces carbides increasing wear resistance. The hardness 

values obtained confirmed the influence of alloying elements on wear resistance increase. The hard-

ness also increased with the number of layers, resulting from less mixing of the electrode material with 

the base materials. 

The results of the tests showed that with increasing volume (number of layers) of the weld deposits, 

the relative resistance to abrasive wear increases. Wear of functional parts should be avoided in order 

to achieve proper operation of the functional parts. Wear reduction can be achieved by forming abra-

sion-resistant layers. The electrodes used meet the criteria for choosing lower weight-loss in abrasive 

wear. 

 

CONCLUSIONS 

The low life of the functional parts of the soil tillage machines requires new deposit alloy materials. 

Assessing the results of relative abrasion resistance and hardness of the tested materials, it is possible 

to conclude on the suitability of using the materials in soil conditions. However, we must not forget 

the impact of chemical effects of the soil on the machine functional parts.  

For real application of electrodes it is also necessary to carry out operational tests, which also take into 

account the influence of real soil factors. We assume their decisive importance in the proper selection 
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of wear resistant materials for specific soil conditions. It is necessary to comprehensively assess the 

service life of parts of agricultural machinery in the view of mechanical and chemical model of the 

wear.  

The paper deals with the determination of abrasive wear resistance of selected electrodes. We have 

created deposits using filler materials that are commonly available at the market. Their advantage is 

the use of simple manual metal arc welding. Based on our results and in comparison with other authors 

we clearly state the suitability of the use of surfacing in abrasive wear conditions. The tested elec-

trodes are suitable for use in practice in order to form abrasion-resistant layers. With the given elec-

trodes we can increase the service life of some agricultural machines. 
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