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During laser hardening of various automobile parts, an important factor influencing their service life
is the depth of hardening and microhardness, which depend on the parameters of surface laser treatment.
Successful selection of the parameters of the laser hardening process, the use of laser alloying can provide a
significant increase in the operational characteristics of the processed automotive parts in the agricultural
and industrial complex. The aim of the work was to determine the dependence of the depth and microhardness
of the surface zones of the studied samples of iron-carbon alloys on such laser treatment parameters as laser
radiation power, processing speed and the use of their laser alloying using strengthening impurities of boron
carbide and tungsten carbide in an absorbing coating.

As a result of the research, it was found that with an increase in laser treatment power, the
microhardness in the hardening zone increases slightly. Only at P = 1.5 kW and v = 25 mm/s does surface
melting occur, and hardening without melting is observed to a depth of up to 0.5 mm. The microhardness of
martensite in the lower layers of the HAZ of steel 35 increases continuously with increasing processing speed.
In the upper layers of the HAZ, up to a processing speed of more than 40 mm/s, the microhardness also
increases to 6900 MPa, and with a further increase in speed, it decreases.

The results of the study of the influence of strengthening impurities of boron carbide and tungsten carbide
in the absorbing coating (yellow gouache) showed that the highest microhardness of the surface zones of the
processed samples can be achieved by using a tungsten carbide impurity at a processing speed of V=1 mm/s.

It was established that the iron-carbon alloys used by domestic manufacturers of motor vehicles can
be effectively subjected to laser processing, which will allow to provide a significant increase in the
operational characteristics of the corresponding parts.

Key words: laser hardening, tempering, microhardness, laser alloying, road transport details in the
agro-industrial complex.

Fig. 5. Ref. 12.

1. Problem formulation

To increase the wear resistance of various parts of motor vehicles in the agricultural sector, it is relevant
to use the capabilities of the laser processing method.

For the effective application of this method, it is necessary to study the features of the laser effect on
the surface of the processed samples, to determine the dependence of the characteristics obtained by them on
the parameters of the laser hardening process.

It is known that as a result of laser hardening of various car parts, an important factor influencing their
service life is the depth of hardening and microhardness, which depend on the parameters of surface laser
processing.

Successful selection of the parameters of the laser hardening process, the use of laser alloying can
provide a significant increase in the operational characteristics of the processed parts of motor vehicles in the
agricultural and industrial complex.
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Therefore, it is relevant to study the influence of laser processing on such parameters of the processed
samples as the depth of hardening and microhardness of their surface zones.

2. Analysis of recent research and publications

From the analysis of publications of recent years, it can be concluded that many scientists and scholars
pay their attention to the tasks related to determining the properties of iron-carbon alloys that are amenable to
laser processing. For example, this issue was studied by scientists Tokarev A., Afanaseva O.V., Lalazarova
N.O., Fedorenko E.P. and others, who analyzed the effect of laser flux on the surface of iron-carbon samples
for different materials and in different cases [1-3].

Also, the effect of laser processing on the operational characteristics of various machine parts in recent
years was studied by Dobras D., Lesyk D.A., Grushka M., Sidun K.Yu., Aulin V.V., Zavoiko O.S. and others
[4-12].

The issue of a more detailed and in-depth study of the effect of laser radiation on the microstructure
of surface layers, on the depth of the laser hardening zone and the corresponding microhardness in order to
increase the wear resistance of various parts of motor vehicles in the agricultural and industrial complex
remains unresolved.

3. The purpose of the article
The aim of the work is to determine the dependence of the depth and microhardness of the surface
zones of the studied samples of iron-carbon alloys on such laser processing parameters as laser radiation power,
processing speed and the application of their laser alloying using strengthening impurities of boron carbide
and tungsten carbide in the absorbing coating.

4. Results of the researches

The effectiveness of laser hardening of automotive parts is influenced by various parameters of this
process, including laser radiation power, processing speed and laser doping of the studied samples. Let us
consider in more detail the influence of these laser processing parameters on the depth and microhardness of
the hardened layers, which are directly related to the wear resistance of the corresponding parts.

Fig. 1 shows graphs of changes in the depth of the HAZ for iron-carbon alloys depending on the
radiation power (absorbing coating - yellow gouache). In this case, only at P = 1.5 kW and v = 25 mm/s does
surface melting occur, and hardening without melting is observed to a depth of up to 0.5 mm.
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Fig. 1. Dependence of the HAZ depth on the laser radiation power at processing speeds
v =25mm/s (1) and v =83 mm/s (2)

With increasing processing power, the microhardness in the HAZ increases slightly (Fig. 2). This may

be due to a more complete equalization of the carbon concentration and an increase in the size of the region
with homogeneous martensite.
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Fig. 2. Dependence of the microhardness of steel 45 on the depth of the HAZ during processing with laser
melting with power P = 1 kW (1) and P = 3 kW (2)

The influence of laser processing speed on the microhardness of different layers of the HAZ of steel 35 is
shown in Fig. 3. In the upper layers of the HAZ, in the processing speed range from 10 to 40 mm/s, melting of
the steel surface occurred, and the microhardness in the melting zone continuously increased. With an increase
in the processing speed (over 40 mm/s), melting disappears and the hardness of the steel increases to 6900 MPa.
With a further increase in speed, the microhardness of the upper part of the HAZ decreases. In this case,
martensite with a troostite network is formed in the surface layer. The microhardness of martensite in the lower
layers of the HAZ continuously increases with increasing processing speed.

A particularly noticeable increase in the microhardness of martensitic areas is observed with an
increase in speed to 46 mm/s, since with an increase in the processing speed, the diffusion redistribution of
carbon between excess ferrite and pearlite slows down. As a result, at a high processing speed, martensite
formed in place of pearlite can have a carbon concentration close to the eutectoid, which determines its high
hardness.

In the heat-affected zone of pre-hardened and low-tempered steel 45, a homogeneous martensitic
structure is formed. In the lower layers of the HAZ, a tempering zone with a size of 50...150 um is formed on
the border with the original structure, which has a reduced microhardness. The grinding of the original
structure, which leads to the acceleration of austenitization during heating, is the reason for a significant
increase in the homogeneity of the microstructure of the HAZ of hypoeutectoid steel.

It is also advisable to use surface alloying to achieve high wear resistance of the surface layers of
automotive parts during their processing with a laser beam.

In the process of microalloying, an alloying substance is fed into the melt zone. In this case, the lower
layers of the HAZ are heated without melting. It has been established that the HAZ will have the greatest
hardness only after the transformation of martensite in the process of laser alloying. However, when alloying
a certain area of the surface of the samples, the HAZ is tempered to the hardness of the original material, that
is, under the alloyed layer there is a practically unstrengthened base.

The greatest influence on the process and the quality of the treated surface is exerted by the speed of movement
of the laser beam or sample, the power of laser radiation, and the thickness of the coating during laser alloying.

The number of microalloying elements per unit volume of molten metal has a strong influence on the
structures of the alloying zone. The content of alloying elements in the laser-affected zone tends to increase
with increasing speed of movement of the laser beam or sample and decreasing radiation power. The increase
in the content of alloying elements in the laser-affected zone occurs when the absorbing coating layer increases
to a certain limit.

With an increase in the graphite concentration in the reflow zone during steel carburizing, the laser
alloying zone changes. The surface layers show the structure of white cast iron obtained from the liquid phase.
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Fig. 3. Dependence of the microhardness of the upper (1) and lower (2) layers of the HAZ of normalized
steel 35 on the laser processing speed

The structural components of the hardened layer include martensite and residual austenite. After laser
boriding, the hardened zone consists of ferrite and borides Fe,B and FeB. With an increase in the amount of boron
in the alloyed zone, the ferrite content decreases, and the borides increase. A feature of this zone is that these phases
are metallographically indistinct, and the needle-like structure characteristic of diffusion boride layers is absent. The
alloyed zone has a granular structure. In this case, it is possible to increase the concentration of the alloying substance
in the alloying zone in order to obtain new phases. From graphite-based pastes after laser cementation, zones
consisting of cementite and inclusions of structurally free graphite were obtained. After laser boridation, the phases
consisted of iron boride (FeB) and a phase based on boron.

The results of micro-X-ray spectral, metallographic, and X-ray structural analysis showed that the
basis of this phase is one of the modifications of boron. Obtaining alloyed zones containing structurally free
graphite, which acts as a solid lubricant, as well as high-hardness compounds based on boron and other metals,
should contribute to increasing the wear resistance of the working layers. Phases with a special structure are
formed, which determine some features of structural transformations in the laser alloying zones. The specified
properties of the obtained surfaces can be obtained due to the removal of heat from the melt in a certain
direction during the crystallization process. After laser cementation, the texture of cementite plates, which are
located perpendicular to the direction of heat removal, is clearly observed. The texture of laser boride zones
differs sharply from the texture of boride coatings obtained by solid-phase diffusion.

As a result of the action of the laser beam on the surface of the samples, their heating occurs with the
simultaneous formation of tracks having different thicknesses, and, as a result, the formation of layers with
different characteristics. When the surface of the melt is saturated with boron, the thickness of the laser tracks
was in the range of 90...140 um. The scale factor, which characterizes the ratio of the mass, shape of the
sample, mode and area of treatment, determines the degree of influence of the surface temperature on the laser
alloying process. This proves the need to optimize the laser alloying modes to obtain the required surface
properties of a particular steel grade.

There is a need to study not only the distribution of microhardness in metal layers after laser alloying,
but also wear resistance in different modes, metal brittleness. The wear resistance of laser boride layers is on
average an order of magnitude higher than that of cemented laser layers. The brittleness of laser boride layers
in all processing modes is lower than the brittleness of diffusion boride layers. Thus, laser boride should be
used for parts subject to wear, with high specific loads and impacts.

Pulsed and continuous lasers can be used to alloy the surface of the part, but continuous laser installations are the
most promising for industrial applications, which have higher productivity. These differences determine the peculiarities
of the formation of the structure and properties of alloyed zones obtained on continuous lasers.

Thanks to laser microalloying of surface layers with chemical elements and compounds, the effect of
strengthening various materials is achieved. Carbide, oxide, boride phases in the composition of absorbing
coatings have the highest wear resistance. However, when choosing a laser alloying mode, it is necessary to
take into account such factors as the condition of the treated surface, the microstructure of the metal, its
composition, as well as the temperature factor. The most promising for this purpose are continuous lasers.
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An increase in the microhardness of the laser-affected zone of steels, even with a small filling with
alloying elements, is observed in medium-carbon steels. When processing 40H steel, the laser melting zone
has a much higher microhardness than in 45 steel. This indicates the feasibility of introducing alloying elements
both into the steel base and through the surface layer of the treated sample.

The results of the study of the influence of strengthening impurities of boron carbide and tungsten
carbide in the absorbing coating (yellow gouache) are presented in Fig. 4 and Fig. 5.
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Fig. 4. Change in microhardness HV according to zone depth and laser processing speed when
using gouache yellow + VK12 coating
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Fig. 5. Change in microhardness HV with zone depth and laser processing speed when using
yellow gouache + B4C coating

The highest microhardness of the surface zones of the processed samples can be achieved by using an
admixture of tungsten carbide at a processing speed of V=1 mm/s.

Laser thermal hardening of steels can also be used to increase the wear resistance of the surface of
parts operating under friction conditions. Special structures in certain layers during laser processing of the
surfaces of parts can be obtained only by using highly concentrated energy sources, which are lasers.

Laser processing of samples made of 40H steel significantly increases wear resistance compared to
typical hardening and tempering. Laser processing of samples made of 40H steel with a continuous CO; laser
without surface melting increases the fatigue strength of the steels.
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5. Conclusions and prospects for further research

The results obtained showed that with increasing laser processing power, the microhardness in the
hardening zone increases slightly. Only at P = 1.5 kW and v = 25 mm/s does surface melting occur, and
guenching without melting is observed to a depth of up to 0.5 mm.

The microhardness of martensite in the lower layers of the HAZ of steel 35 increases continuously
with increasing processing speed. In the upper layers of the HAZ, up to a processing speed of more than
40 mm/s, the microhardness also increases to 6900 MPa, and with a further increase in speed, it decreases.

As a result of studying the influence of strengthening impurities of boron carbide and tungsten carbide
in the absorbing coating (yellow gouache), it was found that the highest microhardness of the surface zones of
the treated samples can be achieved by using a tungsten carbide impurity at a processing speed of V = 1 mm/s.

Therefore, iron-carbon alloys used by domestic manufacturers of motor vehicles can be effectively
subjected to laser processing, which will allow for a significant increase in the operational characteristics of
the relevant parts.
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JOCJII)KEHHS JIASEPHOI'O 3MIITHEHHSI IETAJIEM ABTOMOBLIBHOI'O TPAHCHOPTY
B AIIK

11i0 uac 3miyHenHs nazepom pizHux demanel agmomo0iNie GaxtCIUSUM PaKMOPOM 6NIUEY HA iX pecypc
BUPOOIMKY € 2NUOUHA 3MIYHEHHS MA MIKPOMEepOiCMb, AKI 3a1edcams 8i0 napamempie N0O8epXHeEoi 1a3epHoOi
00podOKu. Boanuii niobip napamempie npoyecy 1a3epHO20 3MIYHEHHS, 3ACMOCY8AHHS 1A3€PHO20 T1e2YEaHH s
Modxce 3abe3neyumu 3HAYHE NIOBUWEHHS eKCHIYAMAayiuHuX Xapakmepucmuk obpobniosanux oOemaneu
aemomodinbnozo mpaucnopmy 6 AIIK. Memoio pobomu 6yn0 eusHauenHs 3anedcHOcmi 2aubunu ma
MIKpOmMEEpOOCmi NOBEPXHEGUX 30H OOCHIONCYSAHUX 3PA3KI6 [3 3ani308yeNeyesux Cniasie 6i0 Mmaxux
napamempie nazepHoi 006poOKU, AK NOMYHCHICMb A3EPHO20 BUNPOMIHIOBAHHSA, WBUOKICMb 00poOKU ma
3aCcmMoOCy8aHHs iX 1a3epHO20 1e2y8aHHs 3 6UKOPUCIAHHAM 3MIYHIOOYUX OOMIWoK Kapbidy Oopy i kap6ioy
B016PPAMY Y NONUHAIOYOMY HOKPUIMMI.

Y pesynemami oocnidscenv 6cmanosieHo, wjo npu 30iibUleHHi NOMYAHCHOCMI 1a3epHOi 0OpoOKU
Mikpomeepdicmb y 30HI 3miyHeHHs Oewjo 30inbuyemocs. Jluwe npu P = 1,5 kBm i v = 25 mm/c mae micye
ONnaenenHs NOGepXHi, a eapmyeanns Oe3 ONaAeleHHs cnocmepicacmocs Ha eaubuny 0o 0,5 mm.
Mixpomeepoicmob mapmencumy y Hudichix wapax 3TB cmani 35 31 30inbuwenusam weuoxocmi o6pooKu
besnepepsro 3pocmae. Y eepxuix wapax 3TB 0o weuoxocmi 06pobku nonad 40 mm/c makooisc
Mikpomeepdicme 3pocmae 0o 6900 Mlla, a npu nodanvuiomy 30inbueHHi WBUOKOCIE — SHUNCYEMBCAL.

Ompumani pezynbmamu OO0CHIONCEHHS GNAUBY 3MIYHIOIOUUX OOMIWOK Kapbidy 6opy i kap6ioy
gonbghpamy y noenunHarowomMy nokpummi (dcosma 2yaut) nokazau, wo HAueuwjoi Mikpomeepoocmi
noGepxHesux 30H 00OpOONIGAHUX 3PA3KIE MONCHA O00CASMU WINAXOM SUKOPUCMAHHA OOMIWKU Kapbidy
sonbhpamy npu weuoxocmi oopooxu N'=1 mm/c.

Bcmanosneno, wo seuxopucmosgygami 6imuusHAHUMY SUPOOHUKAMU ABMOMOOINLHO20 MPAHCHOPMY
3anizo8yaneyesi Cniasu MOXICyms eheKmueHo niod0asamucs ia3epHitl 00podyi, wo dacms 3mMo2y 3abe3neyumu
3HAuHe NiOBUWJeHHS eKCNIYAMAYIIHUX XAPAKMePUCMUK 8i0N08iOHUX OemaJell.

Kntouosi cnosa: nazepne 3miynenns, eapmysanis, Mikpomeepoicmo, nazepue ne2y8anus, 0emai
asmomobinbroeo mpancnopmy 6 AIIK.
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