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Abstract. The article assessed the effectiveness of laser surfacing technology designed to
restore metal parts subject to high wear, dynamic loads and mechanical influences during
operation. Laser surfacing, as a new technology based on the use of lasers and nanomaterials to
harden alloys, is an effective method of restoring worn parts or improving the strength
characteristics of new mechanisms and machines. This technology allows the material to be
precisely applied to the surface of the parts, which ensures high accuracy and quality of restoration.
As a result of the use of laser surfacing, it is possible to significantly increase the service life of
parts and ensure their reliable operation under conditions of increased operational load. This makes
this technology in demand in various industries where high wear resistance and strength of parts
and mechanisms are required.

Additionally, laser surfacing is characterized by high efficiency and cost-effectiveness of the
parts restoration process. Due to the possibility of using a variety of materials and precise control
of the application of a layer of material to the surface, this technology minimizes waste and reduces
production costs. Moreover, laser surfacing is capable of restoring not only surface defects, but
also improving the mechanical properties of the material, which increases its strength and
durability. Thus, the use of laser surfacing in production promises significant benefits, including
increased resource efficiency, reduced maintenance costs and improved quality of the final
product.

Keywords: strength characteristics of parts, laser surfacing, thermal effects, laser
installations, lasers, nanomaterials, life of parts.

Introduction. In modern machine-building production, laser surfacing of metal surfaces
using highly concentrated energy sources is a unique and most effective method of surfacing wear-
resistant coatings of parts, which allows improving strength characteristics and increasing the life
of new parts of mechanisms and machines in the manufacture of parts.

The transience of processes in the affected area, which contributes to the formation of
coatings with high physical and mechanical characteristics, the possibility of local processing and
other parameters characterizing the methods of laser surfacing of parts, also make it possible to
use them in the restoration of critical highly loaded parts laser surfacing technology is a new
technology that uses lasers and nanomaterials to harden alloys in various parts.

The process involves modern laser systems equipped with powerful diodes and specialized
nozzles. Processing can significantly increase the hardness and wear resistance of the surface and
extend the service life of the parts [1].

Materials and methods. With traditional surfacing methods, the base metal is subjected to
significant melting and thermal effects, which is a significant disadvantage, because the
technology must ensure minimal thermal effect on the part and mixing of the filler material with
the alloy of the product. These flaws are almost completely absent from laser treatment — the
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heating is localized and corresponds to the shape and size of the supplied radiation, and the depth
of thermal exposure is limited by an insignificant surface layer, so that the probability of warping
(distortion of the shape) of the part is minimized.

Laser surfacing has a number of advantages. The high concentration of energy in the heating
spot makes it possible to carry out the process at increased processing speeds.

This, in turn, causes:

- formation of a deposited layer with a low mixing coefficient (0.05 ... 0.15) as a result of
slight melting of the substrate;

- minimal thermal effect on the base metal, which is especially important for materials
undergoing structural and phase transformations;

- small residual deformations of the deposited parts.

Small deformations, on the one hand, and high performance properties, on the other, create
prerequisites for the use of this method not only to obtain special surface properties of products,
but also in the manufacture of machine parts. Laser light sources have a number of significant
advantages over other light sources:

- lasers are capable of producing beams of light with a very small angle of divergence (about
10-5 rad);

- laser light has exceptional monochromaticity, unlike conventional light sources, the atoms
of which emit light independently of each other, in lasers the atoms emit light in concert and the
phase of the wave does not experience irregular changes;

- lasers are the most powerful light sources.

In a narrow range of the spectrum, for a short time (during a time interval of about 10-13
seconds), some types of lasers achieve a radiation power of 1017 W/cm?.

The technology of laser surfacing of parts of mechanisms and machines is produced using a
new generation of laser systems, the operation of which is based on the use of powerful fiber-optic
lasers and special nozzles. Their main difference is the presence of auxiliary devices that ensure
the supply and distribution of additive materials over the surface of the processed product. Welding
devices are often used as universal surfacing equipment, which, if necessary, are supplemented
with special equipment and devices.

Specialized surfacing equipment is usually classified according to the shape of the surfaced
surfaces: for flat parts, for bodies of rotation and for complex profiles.

Additive materials in such installations are applied not only by traditional methods (wire,
rods, nozzle spraying), but also using special technologies: spiral laying of the tape, centrifugal
distribution of the additive material, etc. In addition, any surfacing unit for massive parts is
equipped with a device for preheating the product to a temperature of +500...+700°C [2].

Laser surfacing works on the same principle as powder plasma and flame gas. It also creates
a flow of filler material from a powder with metal and flux compounds, only its melting is
performed using a focused laser beam.

The main element of laser installations is a special head with a nozzle in which a gas stream
heated by a laser is formed, and a powder injector injecting additive powder into this stream
(Figure 1). Compared with other types of surfacing technologies, laser surfacing is characterized
by high accuracy and stability of technological modes.

The process of laser surfacing of parts consists in applying molten material to the processed
product, the surface of which is heated to the melting point, or reliably wetting with a coated liquid
metal.
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Figure 1-Technology of laser surfacing of a part

A high-power laser beam focuses on the surface of the part, creating a small bath of melt. A
metal powder is fed into this area, which melts and creates a new layer. The robot manipulator,
which performs surfacing according to a pre-written program, ensures the highest accuracy and

speed of the process.

Figure 2 - The nozzle of the laser installation
1 - housing 2 - insert 3 - central opening of the housing
4 - annular gap 5 - pipe, 6 - insert 7 - body section 8 additional pipe

The use of a nozzle (Figure 2) will allow for a uniform supply of powder to the processing
zone; improve the quality of coating formation by reducing the variation in the height and width
of the rollers along their length; eliminate the ingress of alloying elements onto the external optical
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system of the laser; shorten the technological cycle by simultaneously feeding the deposited
material and melting it [3].

Research results. Practically all the fundamental technical differences between the
technology of electric arc surfacing and pulsed laser surfacing are the result of the fact that the arc
is a concentrated welding energy source, and the laser beam is a highly concentrated energy source.

The concentration coefficient of an electric arc is approximately 1.0 x 101 cm?, the effective
radius of its heat source is 3.0 x 10-1 cm, and the laser beam is 3.0 x 106 cm? and 6.0 x 10 cm,
respectively.

The power densities created in the processing zone during arc surfacing are ~ 102 W/cm?,
and with pulsed laser surfacing, in thermal conductivity mode, 104-105 W/cm?, such a large
difference leads to a heating rate in the melting zone with a laser beam of 104-105 degrees/sec,
which minimizes the zones of thermal influence. Thus, pulsed laser surfacing, in comparison with
electric arc surfacing, is characterized by minimal melt volumes, zones of thermal influence and,
accordingly, significantly smaller transverse and longitudinal shrinkages [4].

A comparative analysis of the surfacing by an electric arc and a solid-state pulsed laser with
a wavelength of | = 1.06 microns is presented in Table 1.

Table 1 - Comparative analysis of welding by an electric arc and a solid-state pulsed laser
with a wavelength | = 1.06 microns

Ne Technical characteristics of the Electric arc The laser beam
gifts method (1 = 1,06 microns)

1. Effective radius of the heat source 2-3 mm 0,2; 0,3 mm

of heating
2. Zones of thermal influence Up to several mm Several tens of
microns

3. Transverse and longitudinal + -
deformations

4. Undercuts + -

5. Preheating and accompanying + -

heating
6. Subsequent heat treatment + -

Thermal deformation and mixing with the base material are reduced to an absolute minimum
as a result of a strictly limited heating area and controlled laser beam power. A high level of
automation of workflow control ensures the regulation of the size of melting zones and thermal
cycles. The accuracy of the laser radiation guarantees the formation of a completely dense
surfacing layer with a dilution (mixing with the base metal) of less than 5%, and also provides
excellent metallurgical adhesion. It is possible to apply several protective layers, which increases
resistance to destruction mechanisms.

As a result, a completely dense surfacing layer with excellent metallurgical adhesion is
formed, which cannot be achieved with other coating methods (chrome plating, thermal spraying,
etc.). The surface layer created in this way forms a single whole with the main alloy [5,6].

The control of the deposited surfaces on the valve plates showed the absence of defects, the
appearance of the coatings is similar to that of the simulator samples. The hardness value for the
cobalt alloy (Table 2) after laser surfacing exceeds the values given in for the B3K type alloy
formed by traditional methods, which must be taken into account in the case of restoration of worn
surfaces using laser surfacing. In the case of processing new parts, laser surfacing allows you to
significantly save on material, since there is no need to manufacture the product entirely from an
expensive alloy. Also, in all cases of using this technology, the service life of the processed
components and parts is significantly extended [7,8].
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Table 2 - Comparative analysis of the hardness HRC of the surface of the deposited metal

Name of the . Hardness after heat
.. Surfacing Hardness after Release
composition . treatment,
method surfacing, HRC temperature HRC
Powder material L aser
ft’:szgrfgs"‘igo surfacing 38-41 730 °C 51-52
microns
Cobalt-based
powder material, Laser
fraction 53-150 surfacing 43-45 730 °C 52-54
microns
Bars of the B3K Gas i i 41,5-515
brand

Discussion. Thus, highly efficient laser technologies have been developed to protect new
parts from wear and corrosion, as well as to restore worn and damaged parts. This technology
makes it possible to modify, repair and extend the service life of critical frequently worn
components of machines and mechanisms that operate in highly abrasive and corrosive
environments.

The main advantages of laser surfacing technology:

- controlled small penetration;

- the ability to create thin surfacing layers (up to 0.3 mm);

- high-strength adhesion to the base;

- metered energy;

- possibility of local surface treatment;

- absence of thermal leashes, minimization of the zone of thermal influence;

- the ability to process large-sized parts with a high consumption of surfactant;

- fast heating and cooling of the deposited material;

- possibility of surface modification;

- high degree of adhesion of the deposited material with slight mixing with the substrate.

Conclusion. In conclusion, the conducted research allowed us to conclude about the high
efficiency and prospects of laser surfacing technology in the field of restoration and improvement
of metal parts subject to wear and mechanical influences. Laser surfacing using lasers and
nanomaterials demonstrates significant advantages over traditional recovery methods, providing
high accuracy, efficiency and cost-effectiveness of the process. This technology is a promising
solution for various industries where it is important to ensure the durability and reliability of
equipment. Further development and implementation of laser surfacing in industrial production
will reduce maintenance costs, increase the service life of equipment and improve the quality of
products, which will make this technology an important element of modern production.
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Anap Xabain
K.U. Combaes amvinoazvl Kazax yimmulk mexHUKAIbIK YHUBEPCUMEMI
Anmamet, Kazaxcman
3AMAHAYHY MAIINMHA ) KACAY BOJIIIEKTEPIH HBIFAUTY MEH
KAJIIIBIHA KEJTIPYAIH HEPCIIEKTUBAJIBIK 9 AICTEPI
Anoamna. Maxanaja >KyMbIC KE31H]IE )KOFaphl TO3YyFa, JUHAMUKAIBIK JKYKTEMEJIEPTe JKOHE

MEXaHUKAIBIK KEepHEyJepre YIblpaFaH MeTaul OeJIIeKTepiH KajlblHAa KeNTipyre apHaJFaH
Ja3epiik OaNKbITYy TEXHOJOTHICHIHBIH THIMALTITT Oarananabl. Jlasepiik Kamnray, KOphITIANAp bl
KaTalTy VIIIH Jla3epyiep MEH HaHOMaTepuaniaapAbl KOJJaHyFa HETi3ENTeH aHa TeXHOJIOTHs
peringe, Tosran OenmiekTep]i KajdnblHA KENTIPyIiH HEMece jaHa MEXaHM3MJAEp MEH
MalluHaIapAblH OEpIKTIK OHIMIUINH >KaKcapTyAblH THIMII oaici Oonbinm TaObutagsl. by
TEXHOJIOTUSI MaTepHajibl OeJIeKTepAiH OeTiHe TN KaryFa MYMKIHZIIK Oepeni, Oy >KOFaphbl
TONMIK TICH KaJIblHA KENTIPY camacklH KaMmTamachi3 erefi. Jlasepiik OankbITyIbl KOJIaHy
HOTWIKECIHIE OOJIIEeKTEP/IIH KBI3MET €Ty MEpP3IMiH edyip y3apTyFa XoHE >KOFaphl KYMBIC
JKYKTEMEC1 >KaFJaiibIHIa OJapJblH CEHIMII XYMBICHIH KamTamachl3 eTyre Oosanbl. bym Oy
TEXHOJIOTHSHBI OPTYPJIi cajlanap/ia CYpaHbICKa ue eTelli, MyHaa OeJIeKTep MEH MEXaHU3MIEPIiH
JKOFapbl TO3YFa TO3IMILIIr MEH OEpIKTIriH KAMTaMachl3 €Ty KaKeT.

ConbIMEH Katap, J1a3epiik Kantay OeJIeKTepai KajllblHa KeNnTipy MPOLECiHIH THIMALIIT
MEH YHEMIUTITIMEH epeKIIeNneHeni. Op Typil Marepuaiiaplbl KOJJaHy MYMKIHZIT >KoHe
MaTepuaIbliH O€TiHEe XKaFbUTYBIH JOJI 0aKbUIay apKbUTBI OYJI TEXHOJIOTHS KAABIKTApAbl a3alTyFa
JKOHE OHJIIPIC MIBIFBIHAAPBIH a3aiiTyFa MYMKiHIK Oepesi. COHBIMEH KaTap, Ja3epiliK Kanray TeK
OeTKi aKayJIap/pl KaablHa KEeJTIPIN KaHa KOWMai, COHBIMEH KaTap MaTepHaIbIH MEXaHUKAIIBIK
KACHETTEPIH JKaKcapTa amajabl, OyJI OHBIH OEpiKTIri MeH OEpiKTITiH apTThipanbl. Ockbutaiiiia,
OHJTIPICTE JTa3ePIIIK KanTay 1kl KOJJaHy alTapIbIKTal maiiaa oKese/i, COHbIH 1IIiHe pecypcTapabl
naiiianany THIMAUITIH apTTBIPY, TEXHUKAIBIK KbI3MET KOPCETY IIBIFBIHAAPBIH a3aiiTy >KoHe
COHFBI OHIMHIH CanachlH KaKcapTy.

Kinm ce30ep: GenektepliH OEpiKTIK CHIIaTTaMalapbl, JIa3epiiK KanTay, TEPMHSUIBIK
acep, J1a3epiiK KOHABIPFBLIAp, Ja3epiiep, HaHOMaTepHaiaap, OeImeKTep Pecypchl.
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Anap Xaoaii
Kaszaxckuu nayuonanvnwiti mexnuueckuii ynueepcumem umenu K.M. Camnaesa
Anmamut, Kazaxcman
MNEPCHEKTUBHBIE METO/Ibl YITPOUHEHUSA U BOCCTAHOBJIEHUS

JETAJIEM COBPEMEHHOI'O MAIIIMHOCTPOEHU A

Annomayusn. B cratbe ObUTa mpoBeaeHa ONEHKA YPPEKTUBHOCTH TEXHOJIOTHU JIa3e€PHOM
HaIUIaBK{, MPEeJHA3HAYCHHON Ui BOCCTAHOBJICHHMS METAUIMYECKUX JAeTalel, MOJBEp)KEHHbBIX
BBICOKOMY HM3HOCY, AMHAMHUYECKUM Harpy3kaM M MEXaHWYECKHM BO3CHUCTBUSM B Ipolecce
JKCIUTyaTauuu. JlazepHas HarulaBka, Kak HOBas TEXHOJIOTHS, OCHOBAHHAs Ha MCIIOJIb30BaHUU
Ja3epoB M HAHOMATEPHAJIOB Il YIPOUYHEHHUS CILJIABOB, MpeEAcTaBiseT coOoi 3ddeKkTuBHbIM
METOJl BOCCTAHOBJICHHUs M3HOUIEHHBIX JETajel WM YJIydlleHUs NMPOYHOCTHBIX XapaKTEPUCTUK
HOBBIX MEXaHM3MOB M MaIlMH. DTa TEXHOJIOTHS IMO3BOJSET TOYHO HAHOCHTH MaTepual Ha
IIOBEPXHOCTh JIeTajel, YTO 00eCneunBaeT BHICOKYI0 TOUHOCTh U KadeCTBO BOCCTaHOBIIEHUs. B
pe3ybTaTe UCIOIb30BAHUS JIa3ePHON HAIIAaBKU yJAeTCsl 3HAYUTEIBHO YBEITHUUTH CPOK CITY>KOBI
netajged U 00ecnednTh UX HAJEKHYI0 paboTy B YCIOBHSIX MOBBIIMIEHHOW SKCIUTyaTallMOHHOM
Harpy3ku. OTO JlelaeT JaHHYI0 TEXHOJIOTHIO BOCTPEOOBAHHOW B pPAa3JIMYHBIX OTPaCisaX
IPOMBIIIJICHHOCTH, Tlle TpedyeTcs oOecreueHue BBICOKOM H3HOCOCTOMKOCTH M IMPOYHOCTH
neTrajied 1 MEXaHU3MOB.

JIONOMHUTENBbHO, JIa3epHas HAIUIAaBKA OTJIMYAETCsl BBICOKOM A(PQMEKTUBHOCTBIO U
HSKOHOMHYHOCTBIO TPOLIECCa BOCCTAHOBJICHMS JAeTayell. 3a CUET BO3MOKHOCTU HCIIOJIB30BAHUS
pa3HO00pa3HbIX MaTepUAIOB U TOUHOTO KOHTPOJII HAHECEHUs CJI0sl MaTepualla Ha IOBEPXHOCTD,
3Ta TEXHOJIOTUS TO3BOJSIET MUHUMM3HPOBATH OTXOJbl M CHHU3UTH 3aTpaTbl HAa NPOU3BOJACTBO.
bonee Toro, nazepHas HamiaBKa CIIOCOOHAa BOCCTaHABIMBATh HE TOJBKO IOBEPXHOCTHBIE
ne(eKThl, HO U yIy4IllaTh MEXaHHYECKUEe CBOMCTBA MaTepUaa, YTO MOBBIIIAET €ro MPOYHOCTh U
JIOJTOBEYHOCTh. TakuMm 00pa3oM, MPUMEHEHHUE JIa3€pHOM HAIUIaBKU B MPOU3BOJCTBE OOEIaeT
3HAYUTEJIbHBIC BBITOJBI, BKJIIOYAs YBEIMYeHHE S(PPEKTHBHOCTH HCIIOIB30BaHUS PECYpPCOB,
CHIJKEHHE 3aTpaT Ha 00CITyKMBAaHUE U yJTyUIIEHUE KaueCTBA KOHEUHOW MPOLYKIUH.

Knwoueevle cnosa: NpPOYHOCTHBIE XapaKTEPUCTHUKU JeTajel, Ja3epHas HaIulaBKa,
TEpPMUYECKOE BO3JEICTBHE, JIa3epPHbIE YCTAaHOBKH, Ja3epbl, HAHOMATEPHUAJIbI, pECYpC AETalCH.
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