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Abstract

The article discusses the possibility of using surface treatment of parts with a concentrated heat flow to
increase the wear resistance of parts. This method provides conditions for the rapid crystallization of the metal
structure after zonal surface melting of the sample surface with electric arc plasma. It has been found that the wear
resistance of steel increases significantly with increasing scanning speed and decreasing current strength. The near-
surface layers on the cross-sectional grinds of the melting areas were studied in comparison with the initial (without
melting) state on the basis of diagrams of the method of continuous indenter immersion. The values of a number
of micromechanical parameters characterizing the resistance to microplastic deformation and elastic-viscous
properties of steel after strengthening heat treatment were obtained. It should be noted that with a fourfold increase
in hardness, the wear resistance of the steel increased almost 10 times. This indicates that the wear resistance of
metals under friction is determined not only by macroscopic strength and hardness, but also by the ability to relax
local peak stresses under dynamic contact interaction.

Key words: GTAW method, surface hardening, wear resistance of steel, electric arc treatment,
concentrated heat flux.

Statement of the problem

Heat treatment of working surfaces of machine parts with the use of concentrated heat flow of high power
allows to solve technical problems associated with increasing the wear resistance of metal products. In this regard,
from the economic point of view and technological capabilities, the electric arc plasma treatment method is of
interest, allowing after surface melting to cause rapid crystallization of metal due to intensive heat transfer (GTAW
method) [1]. However, the influence of technological parameters of the melting process with subsequent
recrystallization of the metal on the forming microstructure and its rheological strength properties, determining
the wear resistance, remains insufficiently studied.

Analysis of the available investigations

GTAW (Gas-Tungsten-Arc-Welding) has become one of the most common arc welding methods. This is
due to the fact that the resulting welds are characterized by high quality. One of the main advantages of this
technology is the possibility to weld a wide variety of materials: along with low-carbon, high-alloy and martensitic
steels, more valuable is the possibility of high-quality welding of aluminum and magnesium alloys, and in addition,
such metals and alloys as titanium, zirconium, molybdenum, nickel, copper, bronze, brass [2, 3].

Nevertheless, the works devoted to the application of this method do not consider its use as one of the
possible methods of surface hardening of machine parts, which in the future will be subjected to friction conditions
without lubrication. In this regard, the question of the possibility of applying the GTAW method as a method of
pre-treatment of materials is relevant.

The Objective of the work
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Evaluate the effectiveness of surface heat treatment of steel with electric arc plasma to improve tribological
parameters.

Statement of the task

GTAW (Gas-Tungsten-Arc-Welding) method was used for surface hardening, which provides conditions
of fast crystallization of metal structure after zonal surface melting by electric arc plasma of sample surface in the
form of tiles (200 x 50 x 10 mm). The basis of the experimental setup was equipment FALTIG 315AC/DC with
protective gas (argon) and the use of non-consumable tungsten electrode (diameter 2.4 mm), hardened by thorium
oxide. Installation scheme and general view are shown in Fig. 1 and 2.
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Fig. 1. Schematic of the installation for melting and calorimetric studies (method GTAW: Gas-Tungsten-Arc-
Welding): 1 - current source, 2 - liquid metal welding bath, 3 - melted layer, 4 - sample, 5 - protective gas,
6 - direction of arc movement, 7 - temperature gauge, 8 - protective atmosphere, 9 - electrode, 10 - electric arc, 11 - flow
meter, 12 — calorimeter, 13 — thermocouple

Fig. 2. General view of the installation

To intensify heat removal and accelerate crystallization, the sample tile was fixed as a flow calorimeter
cover so that its lower plane was cooled by a water flow, while its upper surface was zonally melted. During arc
scanning, the temperature of water at the inlet and outlet of the calorimeter was measured at the set water flow [4].
The heat absorbed by the tile material is spent for heating (Qn) and melting (Qn) of the scanning zone. The amount
of heat absorbed in this way (taken by the calorimeter) was calculated by the formula:

Qk =Qu+Qp=p-V-c- At 1)

where p is the density of water; V is the volume of water consumed in the fusion process; ¢ is the specific
heat capacity of water; At is the temperature increase of water.
The efficiency of useful use of the heat released in the electric arc was evaluated by the thermal efficiency:

n=QQ, @

where Q =1- U - 1 is the total amount of heat released during time .

The influence of the main process parameters of the GTAW process (current strength and arc scanning
speed) on the amount of heat taken by the tile sample during heating and melting (Q«x = Qn + Qn), as well as the
effect on the thermal efficiency of the process m (Fig. 3) were studied. The arc voltage was of secondary
importance.
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Fig. 3. Dependence of the absorbed amount of heat Q«k (a) and thermal efficiency. i (b) as a function of arc
scanning speed and current strength: 1 - 1=100A; 2-1=200 A (U=14V)
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The dependences obtained show that the efficiency of heat reception by the sample increases with
increasing current strength and decreasing scanning speed. In the investigated range, the highest values of thermal
efficiency. (n = 60 + 70 %) were observed at the speed Vs = 200 mm/min.

Fig. 4 illustrates the influence of the studied technological parameters on the geometric parameters of
steel sample melting. It can be seen that the width, depth and cross-sectional area of the melts increase with
increasing current and with decreasing scanning speed. These geometrical characteristics are more sensitive to
current variations at low scanning speeds. The values of Qk and n, affecting the values of | and h, simultaneously
form the temperature-rate parameters of the thermal cycle: heating - melting - crystallization - hardening - self-
tempering of steel. The decisive factor influencing the formation of steel structure is the rate of heat removal from
the melting zone.
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Fig. 4. Influence of current strength and scanning speed of electric arc on the width | (a) and depth h (b) of melting:
1-1=100A;2-1=200A

Effect of electric arc treatment on the wear resistance of steel. Pre-eutectoid low-carbon steel 20 was
investigated. The anti-wear properties of steel were determined by testing cube-shaped specimens (10 x 10 x 10
mm), which were cut from the fusion zones. In a friction machine, such a specimen was pressed with a controlled
force against the surface of a 210 mm diameter rotating disc made of white cast iron (60 HRC). The specific load
was Pn = 1 MPa, the sliding speed (without lubrication) V= 1.6 m/s, and the test time 2 hours. The wear intensity
was calculated according to the formula:

7= % @)

where Am is sample mass loss; p is steel density; A is contact area; L is friction path.

The comparison of steel wear resistance depending on the parameters of melting - current and scanning
speed was carried out (Fig. 5). It was found that the wear resistance of steel increases significantly with increasing
scanning speed and with decreasing current. Thus, after melting at a scanning speed of 800 mm/min and a current
strength of 100 A, the intensity of wear decreases almost by one order of magnitude. This testifies to the fact that
the increased scanning speed and reduced current contribute to such optimization of cooling and crystallization
conditions, under which the microstructure with favorable strength and viscoelastic properties is formed.
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Fig. 5. Dependence of steel wear rate on electric arc scanning speed (Fn =1 MPa, Vi =1.6 m/s): 1 - 1 =100 A; 2 - 1 =200
A

The micromechanical and rheological properties of the surface layers were evaluated using the parameters
of kinetic diagrams of continuous indentation of a Berkovich indenter on the NHT/NST unit of CSM Instruments
(Switzerland) [5-7]. Double loading-unloading cycles with registration of the dependence of the indenter
penetration depth (Pq) on the acting force (Fn) were investigated. At the same time the following were determined:
microhardness HVos, Young's modulus E, relaxation capacity R (relation of work of elastic aftereffects to the full
work of indenter penetration), contact hardness S and hysteresis loop area Wy characterizing mechanical losses
(cyclic viscosity) under repeated loading. The contact stiffness S is determined by the value of force reduction
during indentor unloading per unit of deformation. The smaller the value of S, the more microplastic the material
is.

Fig. 6 shows diagrams of tests of the materials under study by continuous indentation (two cycles of loading).
The near-surface layers (at a depth of h = 50 um) on the cross-sectional thin sections of the melting areas were
investigated in comparison with the initial (without melting) state.
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Fig. 6. Kinetic diagrams of continuous indenter microindentation after melting at arc current I = 100 A (a) and I =200
A (b): 1 - initial state; 2 - 5 - Vs = 200, 400, 600, 800 mm/min
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On the basis of recording of such diagrams the values of a number of micromechanical indices
characterizing the resistance to microplastic deformation and elastic properties of steel after hardening treatment
have been obtained (Fig. 7). A specific regularity is revealed: with increasing scanning speed during melting and
subsequent rapid crystallization microhardness (HVos), elasticity (E), relaxation indices (R1, R2) and dissipative
capacity (hysteresis loop area WH) increase significantly. At the same time, the stiffness of the contact interaction
between the indenter and the material (S) decreases. For clarity of comparison, these characteristics are
summarized in Table 1 for scanning speed Vs = 800 mm/min.
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Fig. 7. Effect of arc scanning speed on the micromechanical properties of hardened surfaces at 1 = 100 A (a) and | =
200 A (b): HVo,0s — microhardness; E — Young's modulus of elasticity; S — contact rigidity; Ri and Rz — relaxation
capacity in the first and second cycles; Wh — hysteresis loop area

Table 1
Comparison of micromechanical parameters (Vs = 800 mm/min)
Relaxation capacity >
2 _ ==
s g Microhardnes Nekl):sLtjil(l;Jist;f Hysteresis loop area | = S
% E S, HVo 05 E, GPa Ri1, % R2, % WhH '10"3, pJ g %
75} s»
O
Initial 140 155 4,5 55 4 3,1
Hardened at
| =100 A 580 205 23 87 11 1,4
Hardened at
| =200 A 570 230 17 78 9 2,0

From the above data it follows that the technology under study gives a 4-fold increase in hardness, 1.3 - 1.5
times increase in modulus of elasticity, 4 - 5 times increase in relaxation capacity, 2 - 3 times increase in dissipative
capacity (cyclic viscosity) with a simultaneous reduction of contact stiffness in 1.5 - 2 times.

Conclusions
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1. Optimized surface hardening process by electric arc plasma treatment (GTAW method) in terms of
current strength and arc scanning speed, providing favorable conditions for rapid crystallization of zonally melted
metal.

2. Surface melting of low-carbon steel by electric arc followed by rapid crystallization forms a
vidmanstetted ferrite structure with a bainite strengthening phase. Such material at high hardness exhibits
improved viscoelastic and relaxation properties, which provides a significant increase in wear resistance. In high-
carbon bainite friction, unlike ferrite-perlite structures, the contribution of relaxation processes prevails over
sticking during surface deformation. Therefore, martensite is additionally hardened by passing into a more ductile
state and preserving high relaxation properties that ensure the development of non-damaging dissipative processes.
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Coxoaan 10., Pomanimuuaa O., Cokosan K., Maiinan II., Kapa3eii B.OcoOnuBocTi miaBHUIICHHS
3HOCOCTIMKOCTI JIeTajei MaIlluH IUITXOM 00pOOKH KOHIICHTPOBAHUM TEIUIOBUM ITOTOKOM

B crarTi po3misgaeTbes MOXKIMBICTh BUKOPHCTAHHS IMOBEPXHEBOI OOPOOKHM JeTayieil KOHLEHTPOBAHUM
TEIUTOBMM TMOTOKOM 3 METOIO IMiIABHINEHHS 3HOCOCTIMKOCTi neraned. Lleft meron 3abesmedye yMOBH IIBHAKOI
KpHCTali3anii CTPyKTypH METally MicIs 30HAJIBHOTO MOBEPXHEBOTO OIUIABICHHS EIEKTPOAYTOBOIO IIIA3MOIO
MOBEpXHI 3pa3KiB. BcTaHOBIEHO, MO 3HOCOCTIWKICTH CTaji 3HAYHO 3pocTae 31 30UMBIICHHSAM IIBHAKOCTI
CKaHyBaHHS Ta 31 3MECHIICHHAM CHIIM CTpyMy. JoCmiIKyBalnch MpUMOBEPXHEB] MIapy Ha NUTi(ax MOmepedHoro
nepepisy obxacTeil oruIaBiIeHHS MOPIBHAHO 3 BUXIAHMM (0e3 OIIaBIEHHS) CTAaHOM Ha OCHOBI Jiarpam Meroja
OesmepepBHOrO 3aHYpeHHS iHAeHTOpa. OTpWMaHi 3HAYEHHS pIAYy MIKPOMEXaHIYHAX IIOKAa3HHKIB, IO
XapaKTepu3y0Th OIip MIKPOIUIACTUYHIH nedopmanii Ta Npy»KHOB SI3Ki BIACTHUBOCTI CTaJIi Micisl 3MILHIOBAJIbHOT
TerIoBoi 00poOku. Cii 3ayBaXUTH, 110 NPH YOTHPUKPATHOMY IiJIBHIIEHHI TBEPAOCTI, 3HOCOCTIHKICTD cTaji
30inbpInnack Maibke y 10 pasis. Lle cBit4uTh 1po Te, 1110 OIip 3HOIIYBaHHIO METaJIB IPH TEPTI BU3HAYAETHCS HE
TUIBKH MaKpOCKOIIYHOIO MIiIIHICTIO Ta TBEPAICTIO, ajle 1 3aTHICTIO 10 peNaKcalii JOKaIbHUX MIKOBUX HAIpy>KeHb
B YMOBAaX JIMHAMIYHOI KOHTAKTHOI B3a€MO/Ii1.

KoarouoBi ciioBa: metonq GTAW, noBepxHeBe 3Mil[HEHHS, 3HOCOCTIHKICTB CTalli, €JIEKTPO yroBa 00pooKa,
KOHIICHTPOBAHHH TEIUIOBUH IOTIK.



