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GAS-DYNAMIC SPRAYING IN THE RESTORATION OF MACHINE PARTS

Abstract. The method of cold gas dynamic spraying (CGS) makes it possible to apply coatings with a wide
range of functional properties to almost any substrate material, restore the geometric dimensions of parts
damaged during operation, and restore protective anti-corrosion coatings without labor-intensive dismantling
of the structure. The simplicity and manufacturability of the process, the mobility of installations for applying
coatings using the CGN method make it possible to use this method both in industrial conditions using robotic
systems and in «field» conditions. Methods for restoring metal surfaces of parts are considered. The method
of cold gas dynamic spraying (CGS) of metals allows not only to apply various protective and functional
coatings, but also, when using plastic materials, to effectively eliminate defects in parts and assemblies for
various purposes.

Keywords: reliability, repair, cold gas-dynamic spraying, powder materials, gas-dynamic spraying, methods,
restoration.

PROBLEM STATEMENT

Improving the reliability of automotive equipment can be carried out in two main areas:

1) increasing the reliability of manufactured vehicles in mass production conditions;

2) increasing the reliability of operating vehicles through the use of promising methods for restoring automobile
parts in conditions of single and mass production. Reliability, as it is known, is a complex property, which, depending
on the purpose of the product and its operating conditions, may include failure-free operation, durability, storability
and maintainability of the product and its components [1].

THE PRIMARY PURPOSE

Today, quite high demands are placed on the materials necessary for the manufacture of machine parts and
structures to increase the service life of products. The most promising is to improve the characteristics of parts by
applying functional coatings that increase corrosion resistance, wear resistance, and protection from the mechanical
damage. It is important to note that preference is given to methods and technologies that do not negatively affect
the applied surface. The most dynamically developing method of coating today is the technology of cold gas dynamic

spraying [2].

STATEMENT OF BASIC MATERIALS

Methods for restoring metal surfaces of parts [3] are the following:
— detonation spraying;

— arc;

— high frequency;

- cold gas dynamic spraying.
welding and surfacing methods:
— submerged arc;

— arc in carbon dioxide;

— arc with gas-flame protection;
— vibrating arc;

— arc cored wire or tape;
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— arc in argon;

— contact;

— gas;

— plasma;

— multi-electrode submerged arc;

— lying electrode;

— electropulse;

— electroslag;

— liquid metal;

— with simultaneous deformation;

— with simultaneous cutting;

— high frequency;

— high frequency in fireproof environment.

electrophysical methods:

— laser processing;

— electric spark machining in a gas environment or vacuum;

— ion-plasma sputtering reactive electron beam — RAP;

— activated reactive sputtering CIB bombing.

All methods have their own advantages and limiting factors, which determine the appropriateness of their use
in various cases. The most promising direction is cold gas-dynamic spraying. The essence of gas dynamic spraying
(GDS) is that small metal particles in the solid state are accelerated by a supersonic gas flow to speeds of several
hundred meters per second and directed to the surface of the part being repaired. During a high-speed impact,
particles are fixed to the surface and a continuous coating is formed. In this case, the temperature of the powder
particles is usually significantly lower than their melting point. The scheme for forming a coating using the cold
gas-dynamic spraying method is shown in Figure [4].
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Figure — Scheme of coating formation using HDN method.

Powders containing metal or ceramic particles are introduced into the flow. The particles are accelerated by
the gas flow and directed to the surface of the product in an unmelted state. When hitting the surface of a product,
metal particles are plastically deformed. The kinetic energy of particles is spent on their deformation and the
energy of adhesion to the surface of the product. As a result of the high-speed impact, metal particles are fixed on
the surface of the product and form a dense coating. Ceramic particles clean the surface, compact the growing
coating and help fix the metal particles. The gas-dynamic method for restoring defects in parts is based on the
plastic deformation of particles upon impact with the metal substrate of the part and the creation of an adhesive
bond due to the kinetic energy of the sprayed particles. In the Dimet-405 installation, compressed air is used as a
working medium to accelerate particles, which is supplied under pressure to the inlet of a supersonic Laval nozzle.
To increase the spraying efficiency by increasing the air flow speed, heating elements are installed in the spraying unit
up to temperatures within 300 °C. Passing through them, the air flow is heated to temperatures of ~(80...130) °C.
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Near the exit from the nozzle there is a hole for supplying powder material, which, as a result of the created vacuum,
rises into the nozzle and is captured by the air flow. The flow rate imparts significant kinetic energy to the powder
particles, despite their small size. Thanks to this energy, not only plastic deformation of metal powder materials
occurs, but also their introduction into the structure of the part takes place. With CGN, a local effect is observed
on a certain area of the surface, which allows visual control of the geometric dimensions of the part and helps
preserve the structure of the material [5].

Properties of the resulting coatings are as follow:

— high adhesion (30...80 MPa);

— high cohesion (30..80 MPa);

— uniformity of coatings;

— low porosity (1..3 %);

— high electrical conductivity between the coating and the base;

— the surface roughness of the coatings is Rz = 20...40.

The advantages of the technology include the following [6]:

— coating application occurs in the atmosphere at atmospheric pressure, regardless of the temperature and
humidity;

— during the coating process, there is practically no thermal effect on the coating object, which means that
there is no development of internal stresses and deformation of the product, and there is no oxidation of the coating
object or components;

— applying a multi-component coating is possible, and the content of the components can be varied depending
on their thickness;

— a simple change of technological mode allows further polishing the surface for coating or decorative effects;

— different types of coatings possible in one installation.

CONCLUSIONS

The method of cold gas-dynamic spraying is of great interest due to a colossal number of problems that can be
solved thanks to its use. Such as, for example, filling caverns, cracks, chips, holes, restoring geometric shapes and
sizes of parts of almost any complexity. It has been established that the main parameters influencing the structure,
microhardness and conditional utilization rate of the material are the compressed air heating mode, spraying angle
and powder consumption mode. Thus, with increasing powder consumption, plasticity increases, and the particle
size of electrocorundum becomes larger. If there is a large amount of powder, overheating occurs. The metallographic
analysis performed have showed that the sprayed coatings have a two-phase structure, which consists of a metal
matrix and a dark phase. The dark phase consists of electrocorundum particles and pores. As a rule, large dark
phases have edges and are particles of electrocorundum. With increasing heating mode, the particle size decreases
and plasticity increases. In the structure of the samples, as the deposition angle decreases, the number of
electrocorundum particles decreases, but their size becomes larger. Spraying samples using a special nozzle turned
out to be impossible, since particles are deposited on the nozzle with subsequent filling of the nozzle [7].

This technology can be successfully implemented when restoring seating surfaces for bearings of housing parts,
sealing cracks in engine blocks, auto air conditioner radiators, heat exchangers and restoring power plant parts,
etc.
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H. 1. BAYYPHUH, B. P. CTEIIAKIH, E. C. BYPSIK

FA30MHAMUYECKOE HAIIBIJIEHUE B BOCCTAHOBJIEHUU JIETAJIEN
MAIINH

DOTBOY BO «/lorbacckast HAMOHATbHAS AKAJEMUST CTPOUTENBCTBA U aPXUTEKTYPbI», Poccuii-
ckas Qegepanus, Jonenxas Hapognas Pecny6imka, . 0. Makeeska, r. MakeeBKka

Amnnoramusa. Metop xosoHOTO TazoanHaMndeckoro HamblieHs: (XI'H) mo3BosissieTr HAaHOCUTD MOKPBITHS C
MHUPOKUM HabopoM (DYHKIMOHAJIbHBIX CBOWCTB NpPaKTUYECKH Ha JN000i MaTepuas MOANOKKH,
BOCCTAaHABJIUBATh TeOMeTPUYECKUE Pa3Mepbl JeTasell, TOBPEXJAEHHBIX B MPOIECCe IKCILIyATAINHU, 1
MPOBOAUTH BOCCTAHOBJIEHUE 3alUTHBIX TIPOTUBOKOPPO3MOHHBIX MOKPHITHI (€3 TPYA0EMKOrO I€MOHTaKa
KOHCTpyKImu. [IpocToTa 1 TEXHOJOTMYHOCTD MPOIIECca, MOOMIBHOCTD YCTAHOBOK JIJIsl HAHECEHUS TIOKPBITHI
metonoM XI'H naioT BO3MOXHOCTh IPUMEHATHh AAHHBI METOJ KaK B MIPOMBIIIJIEHHBIX YCIOBUIX C
UCIIOJIb30BAaHNEM POOOTU3MPOBAHHBIX CHCTEM, TaK U B «IOJIEBBIX> YCJIOBUAX. PaccMaTpUBAIOTCS METObI
BOCCTAHOBJIEHVS METAJTMUECKUX TOBEPXHOCTEH fieTaseit. MeTo1 X0I0IHOTO Ta30[MHAMIUYECKOT0 HATTBIJIEHNIST
(XTH) meTasioB 1o3BoJIsIET HE TOJBKO HAHOCUTH PA3JIMUYHbIE 3AIUTHBIE U (DYHKITMOHATbHbIE TTOKPBITHS,
HO U TIPU WCTIOJTh30BAHUY TJIACTUYHBIX MaTepuasoB 3@eKTUBHO YCTPAHITh AedeKTH eTajell 1 y3JI0B
PasINIHOTO Ha3HAUEHUSI.

KmoueBbie ciioBa: Ha/IeXKHOCTb, PEMOHT, XOJIOJHOE Ia30JIMHAMUYECKOE HATbLIEHIE, ITOPOIITKOBbIE
MaTepuasbl, HAMblIEHNE Ta30JUHAMITYECKUM METOJIOM, METO/IbI, BOCCTAHOBJIECHIIE.

Bauypun Hukura [IMUTPHEBHY — ACTIMPAHT; aCCUCTEHT Kadeapbl aBTOMOGHIBHOTO TPAHCIIOPTA, CEPBUCA W DKCILIyaTa-
1 GITBOY BO «/lonbacckas HallmOHATbHAS aKaIeMUsT CTPOUTENBCTBA M apXUTEKTYPBI». HaydHble HHTEPECHI: COBEP-
IEHCTBOBAHUE CIIOCOGOB PEMOHTA W BOCCTAHOBJICHUSI IeTalell CHJIOBBIX YCTAHOBOK.

Crenakun Bsiuecnas PoMaHOBHY — actiupaHT; acCUCTEHT Kadeapbl aBBTOMOOMIBHOTO TPAHCIIOPTA, CEPBHCA M 9KCILIyaTa-
i OTBOY BO «/lonbacckas HallMOHAIbHAS aKA[eMIsi CTPOUTENbCTBA M apXUTEKTYPbl». HayuyHble HHTEPeCHL: cOBEP-
[IEHCTBOBAHUE KOHCTPYKIMI aBTOMOOUJIbHBIX TMOPUIIHBIX CUJIOBBIX YCTAHOBOK.

Bypsix Exatepuna CepreeBna — crapmmii mpernogaBaresib Kadeapsl MHOCTPAHHBIX S3BIKOB U TIEJaTOTUKY BBICIIEN MIKO-
a1 DTBOY BO «/lonbacckas HaMoHaIbHASI aKaJleMUsl CTPOUTENbCTBA U apXUTEKTYPbl». HayuHble MHTEPECHI: METOIN-
Ka MPETOIaBaHUsT MHOCTPAHHOTO SI3bIKA, IMHTBOKYJIbTYPOJIOTHIECKHH MOAXOM B 00yYeHNN HHOCTPAHHBIM SI3BIKAM, ME3K-
KYJIbTYPHAS KOMMYHIKAIIHSL.
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