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Electrofriction treatment of plow shares 

This paper presents the results of research aimed at developing the technology of plow share hardening by 

means of electrofriction hardening. It is shown that in electrofriction hardening of plow shares a structure 

with microhardness gradient is formed along the depth of the hardened zone. After electrofriction hardening 

the microhardness of plow share increases in 3–3.5 times in comparison with the initial state. The reason for 

the gradient character of microhardness distribution along the thickness of the modified layer is the ultra-high 

cooling rate, which causes a high temperature gradient near the surface. On the basis of the results of scan-

ning electron microscopy it is established that at electrofriction hardening of steel 40Kh the hardened surface 

layer is formed, consisting of two zones: the surface hardened zone with the structure of fine–needle marten-

site and austenite; the zone of thermal influence (transition layer) with martensite-perlite structure, smoothly 

passing into the initial ferrite-perlite structure. It is established that the phase composition of steel 40Kh in the 

initial state consists of α-Fe phase with BCC lattice, and after electrofriction hardening the hardening phases 

of residual austenite (γ-Fe) and martensite (α'-Fe) are formed. The obtained data allow us to conclude that 

electrofriction treatment is an effective method of plow share hardening from structural steel 40Kh. 
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Introduction 

Increasing the service life of soil tillage machinery working elements is one of the urgent problems of 

modern agricultural engineering. Analysis of the reliability level of tillage machinery shows that about 40% 

of the total number of failures is attributed to soil-cutting elements (plow shares, plow bits, bucket teeth of 

excavators, etc.) [1]. Operational and technological indicators of plows do not always meet the consumer 

properties declared by the manufacturer. According to [2] the average service life of P-702 chisel-shaped 

plow shares varies from 5 to 20 ha and the highest intensity of wear of plow shares by weight on sandy soils 

with stony inclusions is 260–450 g/ha, and on sandy and sandy loam soils without stony inclusions decreases 

to 100–260 g/ha. Thus, there is a serious scientific and technical problem associated with a low level of con-

sumer properties of tillage tools operated under high impact-abrasive loads. The principal solution of the 

problem is the use of resource-saving hardening technologies, which will allow to increase the operational 

characteristics of critical parts of tillage machines. Therefore, the material science direction of new develop-

ments for parts of agricultural machines is the most important. 

At present in Kazakhstan the following methods of increasing wear resistance of working parts of till-

age machines are used: electric arc surfacing with hard-alloy electrodes or sormite and heating with high fre-

quency currents under hardening [3]. One of the methods of hardening and restoration of plow shares, which 

has a wide application, is electric arc cladding (cladding reinforcement) [4, 5]. At the enterprises of the Ka-

raganda region, the greatest use in repair production was made of cladding, which provides more than 70% 

of the restoration volume [6]. However, the disadvantages of cladding methods are: lack of hardness gradi-

ents, thermal influence, warping of products, reduction of resistance to cracking and destruction. 

Mikhalchenko A.M. and his co-authors analyzed the works reflecting the issues of heat treatment during 

hardening and hardening restoration with the use of cladding reinforcement. The analysis allowed to estab-

lish that the fact of hardness gain is insignificant, which does not provide a significant increase in the wear 

resistance of the plow share, so the authors recommend scientific searches to improve the technology [7].  

In Kazakhstan, research is being conducted on the development of technology for hardening of soil till-

age machine parts. A combined method of hardening of the blade of the working organ has been developed. 

This method includes electrospark alloying of the hardened surface with a carbide electrode and high-speed 

boriding of the hardened layer with subsequent re-treatment with electrospark alloying [8]. The method of 

restoration and hardening of worn parts using welding is known, mainly for hardening of lancet tines of cul-
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tivators. To restore the lancet tines, compensating plates (made of steel) of a certain repair size are used, 

which are welded to the restored part with a continuous seam using electric arc welding [9]. However, in our 

country there are no studies on strengthening of soil tillage machine working elements with the help of 

electrofriction technology. 

Electrofriction technology is based on the joint fusion of the surfaces of the cast iron electrode and the 

blade of the tillage tool by introducing the energy of low-voltage electric arcs and cooling with water [10, 

11]. The arcs are generated using safe welding voltage and friction of the electrode surfaces against the tool. 

EFT should provide the creation of a hardness gradient of the blade material, increasing resistance to abra-

sive wear and self-sharpening ability. 

Bogdanovich P.N. and co-authors used the technology of electrofriction hardening as an experimental 

method for processing of cutting drum blades of forage harvesters. The effectiveness of using high-strength 

cast iron in the construction of cutting drum blades of forage harvesters is considered. The results of testing 

the wear resistance of hardened samples showed that the electrofriction method of hardening, depending on 

the regime of testing, increased the wear resistance of samples in 1.1–1.5 times, the thickness of the harden-

ing zone was 400 μm [12]. It should be noted that for modern conditions of soil cultivation it is necessary to 

ensure the strength of the material of the product 1500–1800 MPa, and impact toughness should correspond 

to values not less than 0.8–1.0 MJ/m2 [13]. To reduce the intensity of abrasive wear it is necessary to pro-

vide the maximum possible surface hardness of 60–65 HRC. Such values of strength, impact toughness and 

hardness in the manufacture of parts from steels L53 and 65G (replaceable parts of plow bodies) are not pro-

vided by traditional technologies (hardening + tempering) [14].  

The purpose of this work is to study the structural-phase state and microhardness of the surface layer of 

the plow share made of structural steel 40 Kh after electrofriction hardening. 

Materials and experimental methodology  

In the present work, plow shares made of structural alloy steel 40Kh are chosen as the material for 

electrofriction technology (EFT). The samples for the study were cut out from the plow shares with the size 

of 100×30×10 mm and were pre-treated with grinding paper with P100 grit. 

Figure 1 shows a schematic diagram of the electrofriction technology setup. The friction of the elec-

trode against the workpiece is accompanied by the formation and breaking of electrical contact between 

them. Contact between the product and the electrode is carried out by a sublayer of cooling liquid (water), 

which causes heating up to melting of the contacting surfaces. The treated surface of the product is melted, 

the melt is alloyed with elements included in the electrode or in the cooling liquid. Periodic breaking of the 

electrical contact, when the interelectrode gap increases, creates conditions for rapid cooling of the surface of 

the product doped in the melt. The cooling rate reaches 10
4
–10

5
 °C/s. A cast iron disk was used as an elec-

trode for EFT. The electrode rotation speed is 165 rpm. The electrode is included in the electric circuit by the 

anode and isolated from the plant structure. Friction of the modified surface of the product was carried out 

against the periphery of the electrode with a force of 5 N. EFT treatment of steel 40 Kh was carried out at a 

current strength of 200 A and voltage of 70 V. 

 

 

a) schematic representation of EFT; b) plow share after electrofriction treatment 

Figure 1. EFT hardening of steel products 

The microstructure of the investigated samples was studied using Altami MET 5C optical microscope 

and TESCAN MIRA3 LMH scanning electron microscope. After electrofriction treatment, mechanical 

treatment (grinding and polishing) was carried out for further studies. Chemical treatment (etching) of the 

sample surface in 5 % ethyl alcohol based HNO3 solution was carried out to study the microstructure of the 
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sample on the cross section. X-ray phase analysis of the studied samples was performed on a SHIMADZU 

XRD–6000 diffractometer (monochromatic Cuα-radiation, wavelength 1.54056 Å) with the following imag-

ing parameters: accelerating voltage 45 kV, beam current 30 mA, scanning step 0.02° in the range of angles 

30–85°, signal acquisition time 0.5 s. The analysis of phase composition was carried out using PDF4+ data-

bases and POWDER CELL 2.4 full-profile analysis program. The microhardness of the machined surface 

was determined on a METOLAB 502 microhardness tester at indenter load P=1N and dwell time at this load 

10 s. 

Experimental results 

In the EFH process, steel and cast iron are subjected to high temperature and pressure generated by fric-

tional forces and electric current. High temperatures can cause the transformation of austenite (the resistant 

crystalline structure of iron) into more stable phases such as martensite and cementite, but can also promote 

the formation of residual austenite. With the reverse polarity created by the arc in the EFH process, the elec-

trode is heated more and the surface of the sample is alloyed with the elements that make up the cast iron 

(electrode). The process of heating and frictional forces leads to phase transformations in the surface layer of 

the material. These transformations may include recrystallization and martensitic transformation. A charac-

teristic feature of the used EFH technology is the zonality of the formed structures along the thickness of the 

modified layer, which can be divided into the following zones: the zone of hardening, thermal influence and 

the base of the treated material.  

The results of metallographic study of plow share microstructure after EFH showed that the thickness of 

the modified layer is ~500 µm (Fig. 2d). The structure of the surface layer consists of a hardened layer with 

austenite-martensite structure (Fig. 2a) and after the hardened layer there is a transition layer, which under-

goes incomplete hardening, with the structure of martensite and ferrite (Fig. 2b). The base of the product 

(initial structure) is a ferrite-perlite structure (Fig. 2c). The hardened layer has the microstructure of needle 

martensite and has a smooth transition to the heat affected zone. The plates of greater thickness between the 

martensite needles are residual austenite (Fig. 2a). No microcracks are found at the transition boundary to the 

original structure. It was noted in [5] that the presence of a small amount of residual austenite in the structure 

of the surface and near-surface layers is a positive factor, since austenitic interlayers with increased ductility 

along the boundaries of martensitic plates are barriers to the propagation of cracks from the quenched layer 

into the base metal. 

 

 

a — hardened layer; b — transition layer; c — base of the product (untreated layer);  

d — general view of the hardened layer (metallographic microscope) 

Figure 2. Cross-sectional microstructure of steel 40Kh after EPH 
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Figure 3 shows diffractograms of steel 40Kh before and after EPH. The phase composition of steel 

40 Kh in the initial state consists of α-Fe phase with BCC lattice (Fig. 3b). After EPH of steel 40Kh, residual 

austenite (γ-Fe) and martensite (α'-Fe) phases appear. Martensite is formed on the steel surface as a result of 

rapid cooling during the EPH process. The results of X-ray phase analysis are consistent with the results of 

the study of the microstructure of steel 40Kh after EPH. 

 

 

Figure 3. Diffractogram of steel 40Kh before and after electrofriction treatment  

It is known that the characteristic properties of steel with martensitic structure are high hardness [15]. 

Of particular interest is the consideration of hardness distribution curves along the thickness of the modified 

steel layer after hardening. The study of microhardness distribution along the depth showed the presence in 

them of a harder surface layer and a less hard layer underlying it, the extent of which is ~550 μm. Figure 4a 

shows that the microhardness in the modification zone decreases smoothly from the surface to the depth of 

the sample. In the near-surface layers, the microhardness of steel 40 Kh reaches an average value of 

960 HV0.1 with a smooth transition to the heat affected zone, which has an average microhardness of 

813 HV0.1. The microhardness of steel 40Kh in the initial state is 252±16 HV0.1. 

 

 

a — distribution of microhardness by thickness of hardened layers; b — microstructure of the modified layer 

Figure 4. Microhardness of steel 40Kh after EFH 

Thus, the obtained data allow us to conclude that electrofriction treatment is an effective method of 

hardening of plow shares made of steel 40Kh. The hardness of the rapidly hardened layer smoothly decreases 

from the surface of the modified layer to the boundary with the base. It should be noted that the basis of 

known hardening methods is the creation of surface layers with a hardness gradient along the cross-section 

of the treated product.  
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Conclusion 

The influence of electrofriction treatment of structural steel 40Kh on the structure and microhardness of 

a plow share made of structural steel 40Kh was investigated. It was found that the structure of the cross–

section of steel 40 Kh after electrofriction hardening was conditionally divided into 3 zones: hardened layer, 

heat affected zone and the base of the treated material. The microstructure of the hardened layer of steel 

40Kh consisted of needle-like martensitic structure and residual austenite. The heat affected zone of steels 

contains martensite and highly dispersed pearlite (trostite). The microstructure of the initial state of steel 

40Kh consists of ferrite-perlite structure. It is shown that a gradient structure with a regular changing micro-

hardness of structural components is formed at the depth of the zone. High hardness of steels after 

electrofriction treatment is explained by the formation of martensitic structure as a result of ultra-high heat-

ing and cooling rates, which are unattainable by traditional heat treatment methods. 
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Н.Е. Бердимуратов, Е.Е. Камбаров, М. Маулет,  

С.Д. Болатов, Ж.Б. Сагдолдина, Д.Р. Байжан 

Соқа түренін электрфрикциялық өңдеу 

Мақалада электрфрикциялық қатайту тәсілімен соқа түренін қатайту технологиясын әзірлеуге 

бағытталған зерттеу нәтижелері баяндалған. Соқа түренін электрфрикциялық өңдеуде қатайтылған 

аймақтың тереңдігі бойынша микроқаттылық градиентті құрылымда қалыптасатыны көрсетілген. 

Электрфрикциялық қатайтудан кейін соқаның микроқаттылығы бастапқы күймен салыстырғанда 3-3,5 

есе артады. Модификацияланған қабаттың қалыңдығы бойынша микроқаттылықтың таралуының 

градиенттік сипатының себебі аса жоғары салқындату жылдамдығы болып табылады, бұл бетке 

жақын температураның жоғары градиентін тудырады. Сканерлеуші электрондық микроскопияның 

нәтижелері негізінде 40Х болатын электрфрикциялық қатайту кезінде екі аймақтан тұратын 

қатайтылған беткі қабат түзілетіні анықталды: ұсақ ине тәрізді мартенсит пен аустенит құрылымы бар 

беткі қатайтылған аймақ; бастапқы феррито-перлит құрылымына тегіс ауысатын мартенсит-перлит 

құрылымы бар термиялық әсер ету аймақтары (өтпелі қабат). Бастапқы күйдегі 40X болаттың фазалық 

құрамы BCC торымен α-Fe фазасынан тұратыны анықталды, ал электрфрикциялық қатайтудан кейін 

қатайтатын қалдық аустенит (γ-Fe) және мартенсит (α'-Fe) деген фазалар пайда болады. Алынған 

мәліметтер бойынша электрфрикциялық өңдеу 40X құрылымдық болаттан жасалған соқаны 

қатайтудың тиімді әдісі болып табылады деген қорытынды жасауға мүмкіндік береді. 

Кілт сөздер: электрфрикциялық технология, беріктендіру, соқа түрені, микроқұрылым, 

микроқаттылық. 
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Электрофрикционная обработка лемеха плуга 

В статье изложены результаты исследований, направленные на разработку технологии упрочнения 

лемеха плуга способом электрофрикционного упрочнения. Показано, что в электрофрикционной об-

работке лемеха плуга по глубине упрочненной зоны формируется структура с градиентом микротвер-

дости. После электрофрикционного упрочнения микротвердость лемеха плуга увеличивается в 3–3,5 

раза по сравнению с исходным состоянием. Причиной градиентного характера распределения микро-

твердости по толщине модифицированного слоя является сверхвысокая скорость охлаждения, вызы-

вающая высокий градиент температуры вблизи поверхности. На основе результатов сканирующей 

электронной микроскопии установлено, что при электрофрикционном упрочнении стали 40Х форми-

руется упрочненный поверхностный слой, состоящий из двух зон: поверхностной закаленной зоны со 

структурой мелкоигольчатого мартенсита и аустенита; зоны термического влияния (переходный слой) 

с мартенситно-перлитной структурой, плавно переходящей в исходную феррито-перлитную структу-

ру. Установлено, что фазовый состав стали 40Х в исходном состоянии состоит из фазы α–Fe с ОЦК 

решеткой, а после электрофрикционного упрочнения образуются упрочняющие фазы: остаточный ау-

стенит (γ–Fe) и мартенсит (α’–Fe). Полученные данные позволяют сделать вывод, что электрофрикци-

онная обработка является эффективным способом упрочнения лемеха плуга из конструкционной ста-

ли 40Х. 

Ключевые слова: электрофрикционная технология, упрочнение, лемех плуга, микроструктура, микро-

твердость. 
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