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Abstract 

The paper analyses wear processes in various technological forms of 
ploughshares. Tests involved ploughshares made of Hardox 500, B 27 and 
38GSA steel, as well as Hardox 500 steel with the cutting edges hardfaced by 
means of an El – Hard 63 electrode on the front and back sides, as well as 
38GSA steel hardfaced by means of an EStelMn60 electrode. The tests were 
conducted during natural operation when processing sandy soil. During the 
tests, the changes in the mass and geometry of ploughshares were measured as  
a function of the processed area. Ploughshares made of steel were characterised 
by a diverse martensitic microstructure. The hardfaced layers, on the other hand, 
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were dominated by chromium carbides with alloy ferrite. It has been concluded 
that the use of hardfaced layers considerably impact the decrease in the intensity 
of wear of the tested working elements. On the other hand, no significant 
differences were observed in the wear processes of hardfaced ploughshares 
depending on the native and additional material and the place of the application 
of the hardfacing agent. In the analysed soil conditions, ploughshares made of 
steel did not exhibit any significant differences in the wear process.    

INTRODUCTION 

One phenomenon accompanying the operation of working elements in the soil 
is their intense wear, which is a process of physicochemical qualitative and 
quantitative changes occurring on the friction surface [L. 1, 2, 3]. Of all the 
working elements processing the soil, ploughshares are the ones most subject to 
wear processes and mechanical loads. Depending on the conditions of use, their 
intensity of wear may reach up to 500 g/ha [L. 4, 5]. For this reason, research is 
being conducted on the development of new constructional and technological 
forms of ploughshares adjusted to specific operational requirements. Among the 
primary expectations of the new constructions is ensuring the geometry of 
cutting edges in randomly changing soil conditions [L. 6]. So far, the types of 
steel with increased abrasive wear resistance and with specific mechanical 
properties have been used most frequently in ploughshares. Alloy and 
microalloyed steel types with an addition of boron are predominant. One 
method of increasing their durability, which tends to be used more often, is the 
hardfacing of edges and surfaces subject to the fastest wear [L. 7, 8, 9]. It has 
been proven that hardfacing technology generally does not affect the properties 
of the surface layer [L.  10]. However, it has been pointed out that the properties 
of the additional material and the type of the processed soil are decisive in terms 
of the durability of the working elements. Attempts to build a model of  
ploughshare wear have been shown in the work Kufel and others [L. 11]. In the 
literature, a commonly stated opinion claims that hardfacing contributes to 
increasing the hardness of ploughshares in soils with high silt and clay contents 
[L. 12]. This is related to the direction of wear, which leads to a self-sharpening 
process. So far, the effectiveness of ploughshare hardfacing during the 
processing of soil with high sand content has been assessed in very few papers.    

The purpose of this paper is an analysis of the wear of ploughshares of 
various technological forms in soils with high sand contents.   

THE  TESTED  MATERIAL 

The tests involved the ploughshares (Tab. 1) of a four-furrow front-mounted 
plough (Fig. 1). Each working element was made using a different technology 
(Fig. 2): Hardox 500, B 27 and 38GSA steel, Hardox 500 steel hardfaced by 
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means of an El – Hard 63 electrode with its cutting edges hardfaced on the front 
and back sides, and 38GSA steel hardfaced by means of an EStelMn60 
electrode. 

 

 
Fig. 1.  A ploughshare 
Rys. 1.  Lemiesz płużny 

  
 

 
Fig. 2.  A ploughshare made of Hardox 500 steel with its cutting edge hardfaced on the 

front and back 
Rys. 2.  Lemiesz ze stali Hardox 500 z napawaną krawędzią tnącą od przody i tyłu 

Table 1. The chemical composition of the tested materials 
Tabela 1. Skład chemiczny badanych materiałów 
 

Material type Elements in% 
C Si Mn Cr Ni Mo B 

Hardox 500 0.29 0.70 1.60 1.00 0.50 0.60 0.004 
B 27 0.27 0.25 1.20 0.30 0.03 - 0.002
38GSA 0.35 1.17 1.07 0.18 - - - 
El – Hard 63 5.00 1.00 - 34.00 - - - 
EStelMn60 3.40 1.68 4.32 31.60 0.30 0.04 0.03 

 
The place of the application of the hardfacing agent is presented in Figure 2. 

Prior to the hardfacing process, the electrodes were heated and dried in an oven. 
The hardfacing agents were applied in accordance with the producer’s 
requirements by means of arc welding, using a covered electrode. This 
technology is characterised by melting the end of the electrode by the heat of 
the electric arc, due to which the metal of the substrate becomes molten. 

THE  METHODOLOGY  OF  THE  RESEARCH 

The processing involved soil directly after the harvest of cereal. The tests were 
performed in natural operating conditions during autumn tillage. The 
experiment was conducted in light soil – slightly loamy sand with a bulk 
moisture ranging between 8 and 10%. The grain sizes of the soil (Tab. 2) were 
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determined in accordance with the classification of the Polish Society of Soil 
Science dated 2008, and with the quality standard PN-EN ISO 14668-2(2004).  

Before and during the tests, measurements were conducted involving the 
values of features characterizing the changes in the geometry and mass of 
ploughshares. 

The depth of the tillage ranged between 0.20 and 0.25 m. The average 
speed of the tillage amounted to 1.9 ms-1. The surface area processed by the 
plough was recorded by means of GPS.  

The changes in the mass of the ploughshare were measured on a technical 
weighing scale with an accuracy of ± 1 g. The maximum length and width were 
determined by means of a calliper with an accuracy of ± 0.1 mm (Fig. 3). 

 

 
 
Fig. 3.  The measured values of ploughshare wear 
Rys. 3.  Pomiarowe wielkości zużycia lemiesza 

 
The average initial mass amounted to 5.3 kg for ploughshares without 

hardfacing and 5.5 kg for hardfaced ploughshares. The ploughshares were 
attached to a four-furrow plough. During the tests, changes in the sequence of 
their assembly on the plough were provided on a daily basis. The tests were 
conducted until the ploughshare made of 38GSA steel reached its limit state. 
The whole processed surface area of the ploughshare amounted to approx.  
10 ha. 

 
Table 2.  The grain sizes of the soil 
Tabela 2.  Uziarnienie gleby 
 

Grain size [%] 

<0.002 mm 0.002 – 0.020 mm 0.020 – 0.050 mm 0.050 – 2.00 mm 
0.73 5.04 7.61 86.62 

 
The hardness measurements and a metallographic assessment of the 

structure of the surface layers were performed using the following:  
− A type KP – 15001 Rockwell hardness tester, in accordance with the quality 

standard PN-EN ISO 6508-1, with an initial load of 98 N and a total load 
force of 1471 N;   
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− Methods of light microscopy by means of a Neophot 52 microscope coupled 
with a Visitron Systems digital camera; 

− Methods of scanning electron microscopy and the micro-analysis of 
chemical composition conducted by means of a JEOL JSM scanning 
microscope; and, 

− A 5800 LV coupled with an Oxford LINK ISIS – 300 X-ray micro-analyser.  
Prior to the metallographic examinations, the samples were pickled in 

HNO3 and electrolytically in chromic acid. 
The analysis of variance was used in order to determine the significance of 

the differences in wear between the tested ploughshares. A null hypothesis was 
assumed involving the lack of differences between the values of wear for the 
individual technological solutions of ploughshares, along with an alternative 
hypothesis about the presence of significant differences in wear. Duncan's test 
was used to identify homogeneous groups. 

THE RESULTS OF THE TESTS AND THEIR ANALYSIS 

The structures of the studied layers are presented in Figures 4–8. 
 

  
    
Fig. 4.  Hardox 500. The microstructure of 

tempering martensite. Magnifica-
tion  500x 

Rys. 4. Hardox 500. Mikrostruktura marten-
zytu odpuszczonego. Powiększenie 
500x 

 

 
Fig. 5.  B 27 steel. Finely dispersed    

microstructure of tempering sorbi-
te.  Magnification 500x 

Rys. 5. Stal B 27. Drobnodyspersyjna mikro-
struktura sorbitu odpuszczania. Po-
większenie 500x 

Hardox 500 steel has the microstructure of tempered martensite created 
during a diffusionless transformation with high cooling of austenite to the initial 
transformation temperature. The result of the occurring transformation is 
martensite, being a supersaturated solution of carbon in α iron.   

B 27 steel is characterised by the finely dispersed structure of tempering 
sorbite (highly tempered martensite). Ε carbides (Fe2.4C) coherent with the 
matrix are a result of low temperature tempering, and their deposition causes a 
reduction in the concentration of carbon in martensite. Decreasing the degree of 
the supersaturation of martensite in the presence of carbon contributes to 
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changes in the tetragonality of martensite, creating martensite with a regular 
grid – tempered martensite. Tempering occurring during the second stage at  
a temperature of 200–300°C causes the transformation of residual austenite 
into tempered martensite in a process similar to the bainite transformation. The 
coagulation of the particles of this phase, which is associated with the growth of 
cementite particles and the dissolution of small particles, takes place during the 
following stage of tempering. As a result of spheroidisation, which involves the 
cementite particles taking a round shape, the structure of highly tempered 
martensite (known as sorbite) is obtained, consisting of fine spherical particles 
of cementite in a ferritic matrix. 

 

  
   
Fig. 6.  38GSA steel. Martensite with baini-

te and troostite. Magnification 500x 
Rys. 6. Stal 38GSA. Martenzyt z bainitem        

i troostytem. Pow. 500x 
 
  

Fig. 7. El-Hard 63 hardfacing agent. Large 
insets of chromium carbides in the 
matrix of the mixture of alloy ferri-
te + carbides. Magnification 550x 

Rys. 7.  Napoina El-Hard 63. Duże wydziele-
nia węglików chromu w osnowie 
mieszaniny ferryt stopowy + węgliki.  
Pow. 550x 

 
 
Fig. 8.  EStelMn60 hardfacing agent: Insets of original carbides in the matrix of a eutectic 

system with platy structure + residual austenite. Magnification 200x 
Rys. 8.  Napoina EStelMn60: Wydzielenia węglików pierwotnych w osnowie eutektyki o  bu-

dowie płytkowej + austenit szczątkowy. Powiększenie 200x 
 
38GSA steel is a material with the structure of martensite with bainite and 

troostite. Bainite, being a mixture of ferrite supersaturated with carbon and 
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dispersed carbides, is created as a result of a transformation combining the 
features of a diffusionless and diffusional displacement of carbon.  

El – Hard 63 and EStelMn60 hardfacing agents are characterised by similar 
chromium contents. El – Hard 63 has the structure of alloy ferrite, which is  
a solid solution of carbon and alloying additives in α iron. EStelMn60 
hardfacing agent contains 4.32% of Mn, which contributes to the creation of 
original carbides along with the structure of residual austenite, which is created 
as a result of the increased volume of martensite in relation to the specific 
volume of austenite. This results in high compressive stresses stopping or 
inhibiting the transformation, as a result of which a certain amount of austenite 
remains in the steel. The presence of residual austenite increases along with the 
increasing concentration of carbon in the steel. The manganese content of the 
material contributes to increasing the amount of austenite in the weld material, 
causing an increase in the resistance to abrasive wear. 

 

 
 
Fig. 9.  The course of the mass wear of ploughshares 
Rys. 9.  Przebieg zużycia masowego lemieszy płużnych 
 
 

The highest value of hardness was recorded for EStelMn60 hardfacing 
agent (60.6 HRC), followed by El – Hard 63 (57.5 HRC), Hardox 500 steel 
(52.8 HRC), and B27 steel (52.3 HRC). 38GSA steel was characterised by the 
lowest value of hardness (43.0 HRC). 

The results of the measurements of the value of the weight-related and 
geometric wear of materials subjected to the experiment as a function of the 
area ploughed by the ploughshare are presented in Figs. 9 – 13.  
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Fig. 10.  The course of the changes in the length of ploughshares 
Rys. 10.  Przebieg zmian długości lemieszy płużnych 
 
 

 
 
Fig. 11.  The course of the changes in the width of ploughshares 
Rys. 11.  Przebieg zmian szerokości lemieszy płużnych 

 
Based on a statistical analysis (Tab. 3 – 5), it can be concluded that the 

differences in mass and geometric wear were significant between hardfaced 
ploughshares and those made of homogeneous steel. The lowest wear was 
observed in hardfaced ploughshares regardless of the manner of applying the 

W
ea

r 
[m

m
] 

Area ploughead [ha] 

W
ea

r 
[m

m
] 

Area ploughead  [ha] 



3-2016 T R I B O L O G I A 147 

hardfacing agent and its type. The average mass wear of hardfaced ploughshares 
was 1.5 times lower than the average wear of ploughshares made of 
homogeneous steel.  
 

 
 
Fig. 12. Comparison of unit mass wear
Rys. 12.  Zestawienie jednostkowego zużycia masowego 

  

 
 
Fig. 13.  Comparison of the unit wear of the width and length of ploughshares 
Rys. 13.  Zestawienie jednostkowego zużycia szerokości i długości lemieszy płużnych 

 
The highest value of mass wear was observed for the ploughshare made of 

38GSA steel, and the lowest one for the ploughshare made of Hardox 500 steel 
hardfaced by means of an El – Hard 63 electrode (hardfaced from the back). No 
significant differences in wear were noted between ploughshares made of 
Hardox 500 steel hardfaced by means of the El – Hard 63 electrode (from the 
front) and 38GSA steel hardfaced by means of an EStelMn60 electrode. When 
analysing the unit mass wear, the recorded values were similar to the course of 
the total mass wear. While investigating the course of the changes in the length 
of the ploughshare, the highest value was recorded for 38GSA steel, similar to 
mass wear, and the lowest one for the ploughshare made of Hardox500 steel 
hardfaced from the back by means of the El – Hard 63 electrode. 
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38GSA steel with EStelMn60 hardfacing agent exhibited the lowest 
geometric wear over the width of the ploughshare. As in the previous cases, the 
highest value of wear was recorded for 38GSA steel.  

Having conducted the analysis of variance, significant differences in mass 
wear were noticed between the ploughshare made of Hardox 500 steel and the 
ploughshares made of Hardox 500 steel hardfaced by means of the El – Hard 63 
electrode (from the front and from the back) and 38GSA steel hardfaced by 
means of the EStelMn60 electrode. 

 
 

Table 3.  Duncan's statistics for the differences between the values of mass wear for the 
individual materials 

Tabela 3.  Statystyki Duncana różnic między wartościami zużycia masowego poszczególnych 
materiałów 

 

No. of  
subclass Material Average  

wear 
 

1 
 

2 
 

3 
 

4 
 

Hardox 500 + El – Hard 63 (hardfaced from the back) 251.6075 ****   
3 

 

38GSA + EStelMn60 281.4825 **** ****  
2 

 

Hardox 500 + El – Hard 63 (hardfaced from the front) 288.0625 **** ****  
5 

 

B 27 325.1475  **** **** 
1 

 

Hardox 500 337.5685   **** 
6 

 

38GSA 354.7833   **** 
 
**** – reflects a statistically significant difference p<0.05 between materials. 
 
Table 4.  Duncan's statistics for the differences between the values of the changes in the 

length of the individual materials 
Tabela 4.  Statystyki Duncana różnic między wartościami zmian długości poszczególnych 

materiałów 
 

No. of  
subclass Material Average  

wear 
 

1 
 

2 
 

3 
 

2 
 

Hardox 500 + El – Hard 63 (hardfaced from the front) 8.89500   **** 
4 

 

Hardox 500 + El – Hard 63 (hardfaced from the back) 10.76250 ****  **** 
5 

 

B 27 12.40000 **** **** **** 
3 

 

38GSA + EStelMn60 12.90250 **** ****  
1 

 

Hardox 500 14.29500 **** ****  
6 

 

38GSA 15.46667  ****  
 
**** – reflects a statistically significant difference p<0.05 between materials. 
 

While analysing the values of significant differences after the analysis of 
variance performed for the geometric wear – the length of the ploughshare – 
considerable differences were recorded between Hardox 500 steel and the 



3-2016 T R I B O L O G I A 149 

ploughshare made of Hardox 500 steel hardfaced by means of the El – Hard 63 
electrode (hardfaced from the front), which also differs from 38GSA steel 
hardfaced by means of the EStelMn60 electrode, and 38GSA steel not subjected 
to chemical processing. 

Another difference was recorded for 38GSA and Hardox 500 steel 
hardfaced by means of the El – Hard 63 electrode (hardfaced from the back). 
No statistically significant differences were observed between the remaining 
materials.    

When comparing the values of the changes in the width of ploughshares, 
no statistically significant differences were observed between the examined 
technological solutions of ploughshares.  

 
 
Table 5.  Duncan's statistics for the differences between the values of the changes in the 

width of the individual materials 
Tabela 5. Statystyki Duncana różnic między wartościami zmian szerokości poszczególnych 

materiałów 
 

No. of  
subclass Material Average  

wear 
 

1 
 

4 
 

Hardox 500 + El – Hard 63 (hardfaced from the back) 5.910000 **** 
2 

 

Hardox 500 + El – Hard 63 (hardfaced from the front) 7.237500 **** 
3 

 

38GSA + EStelMn60 8.077500 **** 
1 

 

Hardox 500 8.090000 **** 
5 

 

B 27 8.592500 **** 
6 

 

38GSA 8.973333 **** 
 
**** – reflects a statistically significant difference p<0.05 between materials. 

 

CONCLUSIONS 

1. The types of steel containing martensite originating from the various forms of 
transformation are characterised by equal values of both mass wear and 
geometric wear in light soil.  

2. The use of hardfaced layers contributes to a significant decrease in the 
intensity of wear in relation to ploughshares made of homogeneous steel. It 
is telling that, in electrodes similar in terms of their chemical composition, 
no differences in the wear process were observed, regardless of the 
hardfaced material and the place of the application of the hardfacing agent.    
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Streszczenie 

W pracy przeanalizowano proces zużywania  zróżnicowanych postaci tech-
nologicznych lemieszy płużnych. Badaniom poddano lemiesze wytworzone 
ze stali Hardox 500, B 27, 38GSA oraz stali Hardox 500 z napawanymi 
elektrodą El – Hard 63  krawędziami skrawającymi od przedniej i tylnej 
strony, a także stali 38GSA napawaną elektrodą EStelMn60. Badania 
przeprowadzono w naturalnej eksploatacji podczas obrabiania gleby piasz-
czystej. Podczas badań dokonywano pomiarów zmian  masy oraz geometrii 
lemieszy w funkcji obrobionej powierzchni. Lemiesze wykonane ze stali 
charakteryzowały się zróżnicowaną  mikrostrukturą martenzytyczną. Na-
tomiast w warstwach napawanych dominowały węgliki chromu z ferrytem 

http://www.sciencedirect.com/science/journal/0301679X
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stopowym. Stwierdzono, że zastosowanie warstw napawanych istotnie 
wpływa na zmniejszenie intensywności zużycia badanych elementów robo-
czych. Nie stwierdzono natomiast istotnych różnic w przebiegu zużywania 
lemieszy napawanych w  zależności od   materiału rodzimego i dodatkowe-
go oraz miejsca nałożenia napoiny. Także lemiesze wykonane ze stali  
w analizowanych warunkach glebowych nie wykazały istotnych różnic 
w przebiegu  zużywania.   
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