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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 a-Fe phase with BCC lattice, and after electrofriction hardening the hardening phases
of residual austenite (y-Fe) and martensite (o'-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-
guency 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 um [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 100x30x10 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°~10° °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) electrode b)
arc

hardened layer
on the product

i i

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 HNO; 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 Cua-radiation, wavelength 1.54056 A) 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
10s.

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 um (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.

martensite
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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 a-Fe phase with BCC lattice (Fig. 3b). After EPH of steel 40Kh, residual
austenite (y-Fe) and martensite (o'-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.
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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 um. 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 HV,, with a smooth transition to the heat affected zone, which has an average microhardness of
813 HV; ;. The microhardness of steel 40Kh in the initial state is 252+16 HVq 1.
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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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Coka TypeHiH 3/1eKTPPPUKUHSIIBIK OHAEY

Makanaza 37eKTpQPUKIMATBIK KaTalUTy TOCUIIMEH COKa TYPEHIH KaTaWTy TEXHOJIOTHSACHIH d3ipieyre
OaFpITTaNFaH 3epTTey HOTIKenepi Oagnmanrad. Coka TYPEHIH 31eKTpQPHUKUMSIBIK OHACYIe KaTaThUIFaH
allMaKTBIH TEpeHIIri OOMBIHIIA MUKPOKATTBUIBIK TI'PAJMCHTTI KYPBUIBIMIA KaJBIITACAThIHBI KOPCETUIreH.
OneKTpGPUKLHAIBIK KaTaiiTyiaH KeiliH COKaHbIH MUKPOKATTBUIBIFBI OacTarkpl KyHMeH canslcThipranaa 3-3,5
ece apranpl. MoandukanusutanraH KaOaTTBHIH KaJbIHABIFGI OOWBIHIIA MHKPOKATTBUIBIKTHIH TapalybIHBIH
TPaJMCHTTIK CHIATBHIHBIH ce0eOi aca KOFaphl CAJKBIHIATY JKbULIAMIBIFBI OOJNBIN TaOBUIAABI, Oy OeTke
JKaKbIH TEMIIepaTypaHbIH JKOFapbl TPAAHeHTIH Tyablpansl. CKaHepleymli 3JIeKTPOHABIK MHKPOCKOIMSHBIH
HoTiKenepi HeriziHne 40X OonaTbiH ANMeKTPQPUKIMAIBIK KaTaWTy Ke3iHZe eKi alMaKTaH TYpaThIH
KaTalThIIFaH O€TKi KabaT Ty31MeTiHi aHBIKTAJIbI: YCAaK HHE TOPIi3/i MApTEHCUT MEH ayCTEHUT KYPBUIBIMBI 6ap
OeTki KaTalThUIFaH aifMak; OacTamkel (eppUTO-TIEPIUT KYPBUIBIMBIHA TETIC ayBICATHIH MApPTEHCHT-TIEPIUT
KYPBUIBIMBI 0ap TEPMUSUIBIK dcep eTy aifmakrapsl (eTmeni kadar). bactanke! kyitneri 40X 6omaTThIH (a3aibik
kypamel BCC topeiMeH o-F€ ¢a3ackiHaH TYpaThIHBI aHBIKTAIABL, ajl AIEKTPOPHUKIUSIIBIK KaTalTyJaH KeiliH
KaTalTaThiH KaablK aycTeHut (y-Fe) sxone maprencur (o'-Fe€) meren ¢aszanap maiiga Gosausl. AJIBIHFaH
MoniMeTTep OoMBIHIA ANEKTPpOPUKIMUBIK oHIey 40X KyphUIBIMIBIK OOJIATTaH JKacajFaH COKaHBI
KaTaWTyIbIH THIMII 9J1ici OOJBIN TaOBLTA B IETEH KOPBITHIH/IBI XKacayFa MYMKIHIIK Oepeti.

Kinm  coe30ep: aneKTpQpUKIMSIBIK — TEXHONOTHS, OCpIKTeHIipy, COKa TYPEeHi, MHKPOKYPBUIBIM,
MHKPOKATTBLIBIK.

H.E. Bepaumyparos, E.E. Kam6apos, M. Mayrer,
C.J. bonaros, K.b. Carnmonguna, JI.P. baitxan

JduekTpopuKIIHOHHAS 00padoTKa JeMexa IIyra

B cratbe M3nm0KeHBI pe3ysbTaThl MCCIEIOBaHUM, HANPaBICHHbIE Ha Pa3pabOTKy TEXHOJIOTHU YIPOYHEHHS
JeMexa IIyra Croco0oM 3eKTpo(pUKIHOHHOrO yrnpoyHeHus. [TokazaHo, 4yTo B NEKTPOGPUKIMOHHON 00-
paboTKe Jemexa IuIyra 1o riayorHe ynpOYHeHHOW 30HbI (POPMHUPYETCs CTPYKTYpa ¢ TPaJHeHTOM MHKPOTBEp-
nocth. Tlocne 31eKTpopUKIIHOHHOTO YIIPOYHEHHsI MUKPOTBEPOCTD JIeMexa IUTyra yBeluduBaercs B 3—3,5
pasa 1o CpaBHEHHIO C UCXOAHBIM COCTOSTHUEM. [IpHYMHON IpaJMeHTHOTO XapaKkTepa paciupeeneHuss MHKPO-
TBEPJOCTH IO TOJIIMHE MOAU(DUIMPOBAHHOTO CJIOS SBIISIETCS CBEPXBBICOKAs CKOPOCTH OXJIAXK/ICHHSI, BBI3bI-
BAroIlasl BBICOKMI TI'paJMEeHT TeMIepaTyphl BOJN3M MOBepXHOCTH. Ha OCHOBE pe3yibTaToB CKaHUPYIONIEH
ANEKTPOHHON MHKPOCKOIIMU YCTaHOBJICHO, YTO MPH 3JIEKTPOPPUKIMOHHOM yrpouHeHun ctaiu 40X ¢popmu-
pyeTcst yIpOYHEHHBIH HOBEPXHOCTHBIH CJION, COCTOSIIMH U3 IBYX 30H: MOBEPXHOCTHOI! 3aKalleHHON 30HBI CO
CTPYKTYPOH MEJIKOUTOJBYaTOr0 MapTEHCUTA U AyCTEHNUTA; 30HBI TEPMHYECKOT0 BIMSHHUS (IEPEXOIHBIH CII0¥)
C MapTEeHCHUTHO-NEPJIUTHOM CTPYKTYPOH, IIIABHO MEPeXOAsIleil B HCXOHYIO (heppUTO-TIEPIUTHYIO CTPYKTY-
py. YcranoBneHo, uto (a3oBblii coctaB ctamd 40X B UCXOIHOM COCTOSIHUH COCTOHMT U3 (as3el o—Fe ¢ OLIK
PELIETKOM, a Mocie AIEKTPOPPUKIMOHHOTO YIIPOYHEHHUS 00pa3yoTcs ypoUHstomue (as3bl: OCTATOYHBIH ay-
crenut (y—Fe) u maprencur (o’—Fe). [ToxydeHHble JaHHBIE TTO3BOJISIIOT CAENATh BHIBOJ, YTO IJIEKTPODPUKIIH-
OHHasi 00padoTKa sBIsieTcs P PEKTHBHBIM CIOCOOOM YIIPOYHEHHs JeMeXa IUTyra U3 KOHCTPYKIIMOHHOM cTa-
mm 40X.

Kniouesvie cnosa: 3neKTpoGPUKIHOHHAS TEXHOJIOTHs, YIIPOUYHEHHE, JIEMEX IITyra, MUKPOCTPYKTYpa, MHKPO-
TBEPIOCTb.
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