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AHoTanis. [Toka3aHo, 10 aKTyaJbHOIO 33Jau€l0 CY4YaCHOTO MAallMHOOYIyBaHHS € po3poOka
TEXHOJIOT11 00’€MHOTO HAHOCTPYKTYPYBaHHSI METAIEBUX BUPOOiIB. BCcTaHOBIIEHO, 0 NIEPCIIEKTHBHAM
€ crocib mepeapexpucraiizaniiHoi TepmiuHOi 00poOku. Ha mpuknazgi TEXHIYHO YUCTOro 3aji3a
BCTaHOBJICHO 3aKOHOMIPHOCTI BIUIMBY CTyIeHs Aedopmarii Ta TemrepaTrypu TepMidHoi oOpoOku Ha
TBepicTh. [T0Ka3aHo, 1110 ONTUMalIbHA TEMIIEpATypa HepeapeKkpucTaiizaniiinoi o0opooku ckiaamae 500°
C, mpu 1poMy 3aJIEXKHICTh HOCHUTH €KCTPEMAIbHUI XapakTep, a MaKCUMallbHa TBEPIICTh TOCATAETHCS
MIPH BUTPUMII TpoTsrom 1.5...2 XB.

KawuoBi ciaoBa: mepenpekpucraiizamiifna TepMidyHa 00poOKa, HAHOCTPYKTYpyBaHHS,
TIOJIITOHI3AIlisl, CYOCTPYKTYpa, BIACTUBOCTI.

Berynna yactuHa. ExcrutyaTamiiiHi XapakTEpHUCTHKH JeTajed MaluH B IIUIOMY, iX pecypc
poOOTH BM3HAYAIOTHCS MEPEBAXKHO (PI3UKO-MEXAaHIYHUMHU BIACTUBOCTAMHU 3A€OUIBIIONO METAiB,
CTajeil 1 CIUIaBiB, 3 SKMX BOHU BUTOTOBJISIFOThCA. BHCOKI (Pi3MKO-MeXaHIYHI BIACTHBOCTI CTayei
JIOCATAI0ThCS HAHOCTPYKTYPYBaHHSAM. TOMy aKkTyaJbHUM 3aBJaHHSM Cy4aCHOT'O MaTepiajloO3HAaBCTBA €
pO3poOKa METOMIB OTPUMaHHS O0'€EMHHMX HAHOMACIITAOHMX METaJCBUX MaTepialiB 3 YHIKAIbHUMHU
($13MKO-MEXaHIYHUMH  BJIACTUBOCTSMHU. JlOCATAEThCS 1€ MEPEBAKHO MOJAPIOHEHHSIM CTPYKTYpHU
(cyOcTpyKTypH).

[Tonpibuenns 3epeHHoi (cyO3epeHHOi) cTpykrypu 10 HaHokpuctanigHoro (HK) crany
3MIHCHIOIOTH MEPEBAKHO HANTIOMIMPEHIITUMHU METOAaMH IHTEHCUBHOI racTuaHoi nedopmarrii (IT1T).
OcnoBuum metoznoM II1J] e piBHokaHanbHe kyToBe mpecyBanHs (PKKII) [1, c. 881], sxe HailOuibmn
IIMPOKO 3aCTOCOBYETHCS Ta Ma€ pi3HOBHUAM. J[OCHTH mepcreKTHBHUM BBaxaeThes (popmyBanHs HK
CTaHy y MOBEPXHEBUX IlIapax METAJIEBUX MaTepialliB 3a paXyHOK AedopMyBaHHs TepTsM [2, ¢. 13] Ta
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yIBTPa3ByKOBOrO yaapHoro ob6poonenns [3, c¢. 546]. Onnak, 00’€éMHE HaHOCTPYKTypyBaHHS
metonamu II1/] 3acTocoByeThCcsl y TEXHIII Il OTPUMaHHS BHUPOOIB HEBETMKOTO po3Mipy (aBiaiiiiHi
KPIIUICHHS, MEJIWYHI IMIUIAaHTH, ACTali MPWIaIiB Tomio). HaHOCTpyKTypyBaHHS JeTaJied BEIHUKOTO
po3mipy metonamu I/ BuKIMKae 3HAYHI TEXHIUHI Ta TEXHOJOTIYHI TPYJIHOINI 1 HE € €KOHOMIYHO
noniTeHUM. Po3pobrneHo crmoci® mepenpexpucTanmizaniiiol TepMidHOi 00pOoOKH MeTaliB 1 CIUIaBiB
[4, c. 210], sxmii 3a0e3medye mimBUIIECHHS TBepAocTi AehopMOBaHHX OOTHCKyBaHHIM (> 70%)
metamiB (Ni, Fe) i crmaBiB (Oponswu, crami) Ha 25...40 %; HamuneHux mokpuTTiB - Ha 30...70 % Ta
3HIKEHHS TerutonpoBigHocTi Ha 30 %.

MeTtow po0oTH € mojanblie EKCIEePHUMEHTAbHE BCTAHOBICHHS 3aKOHOMIPHOCTEH BILIMBY
nedopmariiHo-TepMidHUX (HaKTOpIB Ha PiBEHb (DI3UKO-MEXaHIYHUX BIACTHBOCTEH JIe(OpMOBAHHMX
MeTalliB Miciis epeApeKprucTatizalifHoi TepMidHOT 0OpOOKH.

OcHOBHA 4YacTHHA. 3 METOI0 BH3HAYCHHS ONTHUMAJBHOI TEMIIEpaTypy 1 Yacy BUTPUMKH TpPH
nepenpeKpucTamizaiiiii  TepMiyHiii  00poOIi (o 3ade3nedye HAWOUIBII BHCOKI TMOKA3HUKH
BJIACTUBOCTEH), 3pa3Kd TEXHIYHO YHMCTOTO 3alli3a Yy BIAMAJEHOMY CTaHi (TBEPAICTh MICISA BiaNaIy
cranoBuna HVs = 1,25 T'Tla), nepopmysanu na 20, 40, 60 1 80%. [ledopMoBaHi 3pa3ku MigaaBaiu
nepeApeKpucTalizaliiiii TepMidHiin o0poOui mpu temmeparypax 400 ° C, 500 ° C, 600 ° C, 3
BUTPUMKOIO TIPU KOXKHi 3 Temnepatyp Bix 0,5 10 5 xBunuH (puc. 1).
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Puc. 1. 3anexHicTh TBEPAOCTI Bil Yacy BUTPHMKH i TeMIlepaTypH nepeapeKpHucTaTiZaniiHii
TepMivHOI 00p0oOKH 1eh)OPMOBAHOIO TEXHIYHO YMCTOrO 3aJi3a: a - 20%; 6 - 40%; B - 60%:; r - 80%

Sk BuIHO Ha rpadikax, mpeACcTaBICHUX Ha pHC. 1, IS TUIACTUYHO Je(OPMOBAHOTO TEXHIYHO
YUCTOTO 3aji3a B pPe3yibTaTi NepeapeKpHUCTATi3alifHOl TepMidHOI OOPOOKM CIIOCTEPIraeThCs
MIiABHUILEHHS TBEPAOCTI, SIKE HOCUTh €KCTpEeMalbHUI XapakTep. [Ipyu mboMy MakcHMallbHE 3HAYCHHS
TBEPJOCTI, OTPUMaHE B pe3yJbTaTi MepeIpeKpUCTai3aliiiHol TepMidHOT OOpOOKH, 3aBXIU BUILE
3HAYEHHS TBEPAOCTI MICIIA macTUYHO1 Aedopmarii. ToMy TOIITBHO pexuM MepeapeKprcTaTi3aIiiHol
TEpPMIYHOT 0OpOOKH, 110 3a0e3neuye HaWOUIBIIMKA NMPHUPICT TBEPAOCTI, HA3WBATH ONTUMAIbHUM. 3i
30UIBIIEHHSAM CTyTeHs Aedopmarlii yac BUTPUMKH, MPU SKOMY (IKCYEThCSI MaKCUMaabHa TBEPIICTh,
3HUKYEThCA. [1OSICHIOETBCS 116 TMM, IO 31 30UIBIICHHSAM CTymHeHs aedopMariii pocTyTh IIIJIBHICTH
JUCIIOKAITIN 1 €HEPTisl, TKa HAKOMUYIY€EThCs TIpH Aedopmariii, 0TKe 3pOCTaE TEPMOIUHAMIYHAN CTHUMYJT
noJiironizamii. Breceni aedexktn 30UIbIIYIOTH BUIBHHEM 0OCAT TpaHHIb 3€peH 1, SK HACHiIOK,
3MEHIIYIOTh eHeprito akTtuBamii audysii. OCKIIbKM TeMmeparypa I0oYaTKy peKpHcTaizalii
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MPOTOPITiAHA aKTUBAIlii, TO TpH 30UTBIICHH] IMUIBHOCTI BHECEHHX Je(EKTIB Yac Mpolecy MOBHHEH
3HMKyBaTucs. KpiMm Toro, 31 3011bIIeHHAM CTyNeHs aedopMallii 3pocTae KOHLIEHTpAIlisl BaKaHCIH, 110
TaKOX CIpHUS€E TMPUCKOPEHHIO TMPOIECY 3apOJDKEHHS 1 3pOCTaHHS IEHTPIB pekpuctamizamii. Tak sk
LIUTBHICTD AUCIIOKALIH 1, BIAMOBIHO, HAKOMMYEHA MpH AedopMarliii eHepris 31 30UIbIICHHAM CTYTIECHS
nedopmartii pocTyTh 31 3aracaHfsM, TO 1 Yac MOYATKy PEKpPUCTaTI3aIli 3HWKYETHCS TPU 30UTBIICHH]
cTyneHs aedopmatii 31 3aracaHHsiM, J0CATaI0uM IIEBHUX 3HAYEHD MIPH 3aJaHii TemMreparypi.

binbm iHGQOpMaTHBHI, CTOCOBHO BIUIMBY JedopMaliifHO-TepMidHUX (PaAKTOPIB HA TBEPIICTh
(HVs ) TexHiYHO YUCTOTO 3aji3a, € TOOYyIOBaHI HA OCHOBI YTOYHEHHUX NaHUX pUC. | Ta TOAATKOBHX
JocIiKeHb aiarpamu (puc. 2). Lli miarpamu Mo)XHa Ha3BaTH YMOBHHMHU JlarpamMaMu IOJITOHI3aIli,
Tak K (paKTOPOM BILTUBY BUKOPUCTAHO HE po3Mip 3epHa (cy03epHa), a TBepaicts (HVs).

s
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Puc. 2 BniiuB nedopmaniiiHo-repmMivyHuX (GaKTOPiB HA TBEPAiCTH TEXHIYHO YMCTOrO0 3aJ1i3a : a) 3aJeXKHiCTh
TBEpAOCTI Bi crynenst nepopmauii (£,%) i remnepatypu ° C); 6) 3asexkHicTh TBepaoCTi Big crynens aedopmanii
(€,%) i yacy Burpumku npu remneparypi 500° C)

Jani puc. 2, TakoXX CBiT4aTh MpO Te, IO ONTUMAJIbHA TeMIIEpaTypa HepeapeKpucTatizaiiHol
00po0ku cknagae 500° C, mpu LbOMY 3aI€XKHICTh HOCUTH €KCTPEMAJILHHUM XapakTep, a MaKCMMallbHa
TBEPAICTh JOCATAETHCA TP BUTpUMIN mpoTsiroM 1.5...2 xB. (puc. 2 6). 31 30UIbIMICHHSIM BEIUYHHH
cTaTU4YHOi jAedopMarii MiJBUILYETHCS TBEPIICTh, SKa JOCATAE MAaKCUMaJIbHOTO 3HAYCHHS IIPH
nedopmarii 80 %. Brmus 6111 BUCOKOT cTaTHuHOI 1edopMaliii He TOCIiKyBaBCs yepe3 Te, M0 Ipu
nepopmyBanHi Omm3bko 90 % geiHae cmocTepiranMcs TPIMHH, 1 Ha MPAKTULl CTaTUYHE
nedopmyBanHs Buiie 80 % Mmaiike He 3aCTOCOBYETHCS.

BucnoBku. IIpoaHanizoBaHO OCHOBHI METOJM MiJIBUIICHHS (DI3MKO-MEXaHIYHUX BJIACTUBOCTEH
METANIB 1 CIJIaBiB, IO TOJATAIOTHh Y MOJPIOHEHHI iX 3epEeHHOI CTPYKTYpPU TO HAHOKPUCTAIIYHOTO
CTaHy. 3pobaeHo BHCHOBOK 10/10 MEPCTIEKTUBU BUKOPHUCTAHHS po3pobIeHol
nepenpeKpucTamizaiiinoi  TepMidHOi 00poOku. Ha OCHOBI eKCIepUMEHTAIbHUX  JTOCIITKCHb
noOyTOBaHO y3arajbHEHi JiarpaMu MoJIroHi3amii TeXHIYHO YUCTOTO 3aili3a, Ae(opMOBaHOTO Ha Pi3HY
BeIMUMHYy. BCTaHOBJEHO, 1110 ONTUMATbHA TEMIIEpATypa MepeapeKprcTatizauiifHol 00poOKU CKIaaae
500° C, mpu [bOMY 3aJIEKHICTH HOCHTH EKCTpEMAJbHHN XapakTep, a MaKCHMajbHa TBEPIiCTh
JIOCATA€ETHCS MPU BUTPUMIIL npoTsroM 1.5...2 xB. 31 30UIbIICHHAM BEIMYMHM CTATMYHOI Jedopmarii
i IBUIITY€THCS. TBEPIICTbD, KA JOCATAE MAaKCHMAaTbHOTO 3HaueHHs npu nedopmaiii 80 %. [Ipu mpomy
MaKCHMallbHE 3HAYEHHS TBEPJOCTi, OTPUMAHE B pPe3yJIbTaTi MepeapeKpucTami3aliiiHol TepMidyHOI
00poOKH, 3aBXKIM BUILE 3HAYEHHS TBEPAOCTI MICIIS MJIACTUYHOI tehopmaliii.
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Effect of deformation and thermal factors on the hardness of deformed metals after pre-
recrystallization heat treatment

Dubovyi Oleksandr Mykolaiovych, Karpechenko Anton Anatoliiovych,

Bobrov Maksym Mykolaiovych, Admiral Makarov National University of Shipbuilding

Abstract. It is shown that the development of the technology of bulk nanostructuring of metal
products is an urgent task of modern mechanical engineering. It was established that the method of
pre-recrystallization heat treatment is promising. Using the example of technically pure iron, the
influence of the deformation degree and heat treatment temperature on hardness was established. It is
shown that the optimal temperature of the pre-recrystallization treatment is 500°C, while the
dependence is of an extreme nature, and the maximum hardness is achieved after holding for 1.5...2
minutes.

Keywords: pre-recrystallization heat treatment, nanostructuring, polygonization, substructure,
properties.

YIIK 621.78

FORMATION OF ELECTROARC COMPOSITIONAL
COATINGS FOR 65G STEEL - CR3C2 SYSTEM

Dubovyi O.M.
Doctor of Engineering,
Professor of the Department of Materials Science and Metal Technology
Admiral Makarov National University of Shipbuilding,
Mykolaiv, Ukraine
oleksandr.dubovyj@nuos.edu.ua
Karpechenko E.A.
Majester's student at the Department of Materials Science and Metal Technology
Admiral Makarov National University of Shipbuilding,
Mykolaiv, Ukraine
karpechenkoevgeniy@gmail.com
Filipishyna L.M.
Doctor of economic sciences, professor,
Pervomaysky Scientific Educational Institute of the Ukrainian National Academy of Sciences
Kondratieva A.A.
student Admiral Makarov National University of Shipbuilding,
Mykolaiv, Ukraine
kondratevaanna633@gmail.com

79



IHHOBAIIIi B CYTHOBYYBAHHI TA OKEAHOTEXHIIII XIV MikHapoaHa HAYKOBO-TeXHIYHA KOH(pepeHuis

Oliinyk V.A.
student Admiral Makarov National University of Shipbuilding,
Mykolaiv, Ukraine
kondratevaanna633@gmail.com

Annotation. The most promising solution for strengthening and restoring worn surfaces of
machine and mechanism components is the application of protective gas-thermal coatings, particularly
those with cermet structures. In this study, for the first time, electroarc compositional cermet coatings
of the 65G steel-Cr3C2 system were obtained using free-form reinforcement phase powder via a
modernized EM-14M electroarc torch. To enhance the physical and mechanical properties of these
coatings, the use of electro-impulse action at optimal amplitude-frequency parameters (amplitude of 5
kV, frequency of 6.5 kHz) is proposed, characterized by its simplicity of implementation and the use
of cost-effective additional equipment. It is demonstrated that the use of electro-impulse action results
in an increase in the adhesion strength of the coatings to the steel base from 28 MPa
to 34 MPa (+21.5%) and an increase in the microhardness of the metal matrix from 2.7 GPa
to 3.25 GPa (+20%).

Key words: Electric arc spraying, cermet coatings, electro-impulse action, hardness, porosity.

Introduction. In practice, there are various methods to address the problem of wear in
components of different equipment, but the most advantageous and promising method is the
application of protective coatings on working surfaces using gas-thermal spraying (GTS) techniques.
Gas-thermal coatings with cermet structures represent the most widely used class of coatings for
protecting surfaces of components from various types of wear [1]. Recently, they have received special
attention due to their potential as an alternative to hard chrome coatings, addressing one of the
contemporary environmental protection challenges [2-4]. The most widely used cermet systems are
WC-Co and Cr3C2-NiCr [1, 4]. Leading global companies such as "Starck" (Germany), "Sulzer"
(USA), and "Praxair" (USA) have developed compositions and a range of technologies for
manufacturing powders of these materials, specialized in their properties for use in cold gas-dynamic,
detonation, high-velocity oxy-fuel, and plasma spraying systems [5-8]. These materials are produced
either as mechanical mixtures of carbide powders and matrix alloys or as conglomerate powders of
cermet components, which have undergone prior processing steps like sintering and mechanical
crushing of the mixture or conglomerate fusion.

Of particular interest are studies on the wear resistance of cermet coatings. For instance, in a
study [9], the influence of parameters in high-velocity oxy-fuel spraying (spraying angle and distance)
on the wear resistance of WC-17Co cermet coatings was investigated. Areas of carbide phase particle
pull-out and corresponding wear grooves on the sample's surface were observed. This suggests the
relatively low adhesive strength of coatings obtained from the mentioned powder. Thus, the drawbacks
of coatings applied by these methods include their high cost associated with the use of expensive
sintered or agglomerated powders and their mixtures, as well as the use of flammable and inert gases,
and the requirement for expensive equipment for application, along with high demands on the
qualifications of workers.

As for electroarc cermet coatings, they are obtained by spraying powder wires of different
compositions [10-12]. The use of powder wires to obtain compositional coatings leads to increased
porosity, negatively affecting their complex physical and mechanical properties and raising their cost.

To address these issues, the authors of studies [13, 14, 15] propose the use of a modernized torch
and reinforcement phase powder in a free form for applying coatings of various compositions. This has
resulted in the deposition of metal-polymer coatings [13], metal-ceramic, and metal-carbide
compositional coatings [14]. However, the formed electroarc coatings are characterized by reduced
adhesion strength to the base and cohesive strength, leading to the pull-out of reinforcement phase
particles during operation in friction assemblies. To improve the physical and mechanical as well as
operational properties of electroarc coatings, the use of electro-impulse influence at the spraying
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distance is proposed [16], which provides additional fragmentation and acceleration of sprayed
particles in a high-temperature heterophase jet.

The aim of this study is to investigate the influence of electro-impulse action during spraying on
the formation of electroarc compositional cermet coatings and to determine their physical and
mechanical properties.

Main Section. The object of this research comprises electroarc compositional cermet coatings
obtained by spraying continuous steel wire of grade 65G and chromium carbide (Cr3C2) powder onto
a substrate made of structural quality carbon steel 45. For the deposition of cermet electroarc coatings,
the KDM-2 setup equipped with the EM-14M apparatus with a modernized nozzle cap for powder
delivery into the high-temperature zone of the arc discharge was used [16]. The technological regime
parameters were selected based on previous research on compositional cermet coatings [14] and
included: current strength — 120 A, arc voltage — 30 V, compressed air pressure — 0.6 MPa, spraying
distance — 100 mm.

Microstructure analysis revealed that the coating had a porosity of approximately 11.5% by
volume. Chromium carbide particles of dark color were well-differentiated, and the interface between
the coating and the substrate showed no inclusions or delamination. Chemical analysis of the phase
was conducted at points using a scanning electron microscope ZEISS Gemini SEM 500. The results
showed that the chemical composition of the mentioned phase consisted of 14.43% carbon and 85.57%
chromium. As it is known, the molar mass of chromium carbide (Cr3C2) is 180 g/mol, with chromium
accounting for 86.7% (mass) (156 g/mol) and carbon for 13.3% (mass) (24 g/mol). Thus, the obtained
results correspond to the stoichiometry of this chemical compound and provide evidence to confidently
identify the dark phase as chromium carbide.

The determination of the chromium carbide content in the coating was performed using a
planimetric method based on the obtained microstructures. The choice of this method is explained by
its effectiveness in metallographic practice for low content of the analyzed phase (around several
percent) and its reliability in such cases compared to point or linear methods. The calculations
established that the chromium carbide content in the coating was 15.4% by volume.

To apply electro-impulse action to the high-temperature two-phase jet, a source of high-voltage
high-frequency pulses was used, connected directly to the spray gun. Spraying was carried out under
the previously established optimal operating conditions of the pulse source during arc spraying:
frequency of 6.5 kHz and voltage of 5 kV [16]. Comparative microstructure analysis showed that
electro-impulse action at optimal amplitude-frequency parameters reduced the porosity of the
electroarc compositional cermet coating of the 65G steel-Cr3C2 system from 11.5% to 7.7%.
Additionally, there was no pull-out of carbide particles from the metal matrix during grinding and
polishing of microsections, indicating increased cohesive strength between them and a more uniform
distribution across the coating's cross-section. Furthermore, the structural components of the coating
decreased, and the deformation of sprayed particles increased (lamella height decreased) from 80% to
85% due to increased particle velocity. According to the results of microhardness determination of the
metal matrix, the use of electro-impulse action led to an increase in this characteristic from 2.7 GPa to
3.25 GPa (+20%).

One of the main methods for determining the adhesion strength of a coating to the base metal is
the pin test method, which allows for quick testing immediately after coating application, and was
therefore employed in this study. Analysis of the obtained results showed that the use of electro-
impulse action increased this characteristic for the compositional electroarc cermet coating of the 65G-
Cr3C2 system from 28 MPa to 34 MPa (+21.5%). This effect can be attributed to the increased particle
velocity during spraying, resulting in an increased area of actual contact between the sprayed particles
and the substrate and an increased number of adhesion sites, which in turn reduces the resulting load
per unit area of the applied coating.

Conclusions. Using a modernized electroarc spray gun, samples of cermet compositional
coatings of the 65G steel-Cr3C2 system were obtained. Analysis of microstructure images showed that
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the coating had a porosity of approximately 11.5%, and chromium carbide particles of dark color were
well-differentiated, with a content in the coating of 15.4% by volume. It was determined that electro-
impulse action at optimal amplitude-frequency parameters provides the following benefits: reducing
the coating's porosity from 11.5% to 7.7%; increasing the microhardness of the metal component from
2.7 GPa to 3.25 GPa (+20%); and increasing the adhesion strength from 28 MPa to 34 MPa (+21.5%)).

Future research prospects lie in establishing new regularities and optimizing the process of
applying these electroarc coatings. Additionally, it involves determining their operational properties,
particularly wear resistance.

References

[1] D. Toma, W. Brandtt, G. Marginean “Wear and corrosion of thermo alloy sprayed cermet
coatings”, Surface and Coatings Technology, vol.138, pp-149-158, 2001.
https://doi.org/10.1016/S0257-8972(00)01141-5

[2] N. Espallargas, J. Berget, J.M. Guilemany, A.V. Benedetti, P.H. Suegama “Cr;C,—NiCr and
WC-Ni spray coatings as alternatives to hard chromium for erosion-corrosion resistance”, Surface and
Coating Technology, vol. 202, pp.1405-1417, 2008. https://doi.org/10.1016/j.surfcoat.2007.06.048.

[3] L. Fedrizzi, S. Rossi, R. Cristel, P.L. Bonora “Corrosion and wear behavior of HVOF cermet
coatings used to replace hard chromium”, Electrochimica Acta, vol. 49, pp. 2803-2814, 2004.
https://doi.org/10.1016/j.electacta.2004.01.043.

[4] JM. Guilemany, N. Espallargas, P.H. Suegama, A.V.Benedetti “Comparative study of
Cr;C,—NiCr coatings obtained by HVOF and hard chromium coatings”, Corrosion Science, vol. 48,
pp- 2998-3013, 2006. https://doi.org/10.1016/j.corsci.2005.10.016.

[5] A. Sai Jagadeeswar , S. Kumar , B. Venkataraman, P. Suresh Babu , A. Jyothirmayi “Effect
of thermal energy on the deposition behavior, wear and corrosion resistance of cold sprayed Ni-WC
cermet  coatings”, Surface and  Coatings Technology, vol. 399, 126138, 2020.
https://doi.org/10.1016/j.surfcoat.2020.126138.

[6] V.N. Shukla, H. Trivedi, H. Kumar, A. Yadav “Surface Engineering Analysis of D-Gun
Sprayed Cermet Coating in Aggressive Environment”, Material Today: Proceedings, vol. 4, pp.
10212-10215, 2017. https://doi.org/10.1016/j.matpr.2017.06.350.

[7] E. Jonda, M. Szala, M. Sroka, L. Latka, M. Walczak “Investigations of cavitation erosion and
wear resistance of cermet coatings manufactured by HVOF spraying”, Applied Surface Science, vol.
608, 155071, 2023. https://doi.org/10.1016/j.apsusc.2022.155071.

[8] Q. Liu, Y. Wang, Y. Bai, Z. Li, G. Tan, M. Bao, X. Li, H. Zhan, Y. Sun, N. Chong, R.
Wang, Y.S. Ma “ Formation mechanism of gas phase in supersonic atmospheric plasma sprayed NiCr-
Cr;C, cermet coatings”, Surface and Coatings Technology, vol. 397, 126052, 2020.
https://doi.org/10.1016/j.surfcoat.2020.126052.

[9] K. Vasileios, S. Kamnis, B. Allcock, S. Gu “Effects and Interplays of Spray Angle and
Stand-off Distance on the Sliding Wear Behavior of HVOF WC-17Co Coatings”, Journal of Thermal
Spray Technology, vol. 28, pp. 517-534, 2019. https://doi.org/10.1007/s11666-019-00831-x.

[10] C. Lima, R. Libardi, R. Camargo “Assessment of abrasive wear of nanostructured WC-Co
and Fe-based coatings applied by HP-HVOF, flame, and wire arc spray”, Journal of thermal spray
technology, vol.23, pp. 1097-1104, 2014. https://doi.org/10.1007/s11666-014-0101-6.

[11] B. Wielage, H. Pokhmurska, M, Student “Iron-based coatings arc-sprayed with cored wires
for applications at elevated temperatures”, Surface and Coatings Technology, vol. 220, pp. 27-35,
2013. https://doi.org/10.1016/j.surfcoat.2012.12.013

[12] P. Sheppard, H. Koiprasert “Effect of W dissolution in NiCrBSi—-WC and NiBSi—-WC arc
sprayed coatings on wear behaviors”, Surface and Coatings Technology, vo. 317,pp. 194-200, 2014.
https://doi.org/10.1016/j.wear.2014.06.008.

82



IHHOBAIIIi B CYTHOBYYBAHHI TA OKEAHOTEXHIIII XIV MikHapoaHa HAYKOBO-TeXHIYHA KOH(pepeHuis

[13] A. Karpechenko, M. Bobrov, Yu. Halynkin, Al. Labartkava, An Labartkava “Microstructure
and Thermal Conductivity Analysis of Metal-Polymer Composite Coatings Deposited by Electric Arc
Spraying”, Bulletin of the Georgian National Academy of Sciences, vol. 16, pp. 38-43, 2022.

[14] O. Dubovoy, A. Karpechenko, M. Bobrov, et al. “Electric arc spraying of cermet coatings of
steel 65G-TiC system”, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, vol.2, pp. 63—68,
2021. https://doi.org/10.33271/nvngu/2021-2/063.

[15] O. Dubovyi, O. Chechel, M. Bobrov, Yu. Nedel’ko “Perspectives of improving physical and
mechanical properties of thermal coatings by electropulse exposure”, Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, vol.1 , pp. 82-87, 2017.

[16] O.M. [lyb6oswmii, A.A. Kapneuenko, M.M. Bbo6pos, A.O. Masypenko, «IIpuctpiii mis
€JICKTPOIYTOBOTO HAIMWJICHHS KOMIIO3UIIIHHUX TOKPUTTIBY», [lamenm Ykpainu, MIIK C23C 26/02,
BO5B 7/22, Ne 111760, 10.06.2016.

YAK514.18

OCOBJIMBOCTI BUKOPUCTAHHA CUCTEMU AUTOCAD IIPU TEOMETPUYHOMY
MOJAEJIOBAHHI CKJIAAOBUX EJIEMEHTIB EHEPTETUYHUX YCTAHOBOK

Bigniuenko O.I'.,
KaHOUOam mexHiuHux Hayk 0oyeHm
npogecop Kaghedpu Komn 1omepHo- iHme2posaHUx MexHoI02it ma iHx#ceHepHOoi epaghiku
Hayionanvnoco ynisepcumemy xopabnedoyoysanus imeni aomipana Maxaposa, m. Mukonais, Ykpaina
helenbidnichenko@gmail.com

Jlana 10mOBiAR TPHUCBSAYEHA BHCBITICHHIO OCOOJMBOCTEH T€OMETPHYHOTO MOJICTIOBAHHS B
cucreMi AutoCAD mnpu QopMyBaHHI HAOYHHMX 300paxKeHb TeXHIYHUX 00’ekTiB. Po3rmsHyTi
MOXJIMBOCTI CHCTEMH, criocobu (opmMyBaHHS MOJENIEH Ta METOAM iX pemaryBaHHs 1 Bi3yaui3ariii.
HaBeneno mpukinaawm 3MOIETHOBAHMX TEXHIYHHUX OO0’€KTIB  METOJAaMH  MOBEPXHEBOTO  Ta
TBEPJOTIIHHOTO MOJCITIOBAHHS.

KirouoBi cjioBa: reoMeTpruuHe MOJIEIIOBAHHS, MMOBEPXHEBE Ta TBEPAOTUIHHE MOJCTIOBAHHS,
Ha04YH1 300pa)KeHHs, TEXHIYHI 00’ EKTH.

I'padpiuna cucrema AutoCAD — 1ie MPOKO BUKOPUCTOBYBAHE MPOTrpaMHE 3a0e3medeHHs IS
aBTOMATH30BAHOT'O MPOEKTYBaHHS, SKE BiAIrpae BUpPIMIAIBHY POJIb y 300pa’keHHI O6aratbox 00’€KTIiB
30KpeMa TPUBUMIpHUX TUI. lle MOTyXHHI IHCTpYMEHT, SKWH BUKOPHUCTOBYIOTH TpodecioHanu B
PI3HUX Taly3s1X NPOMMCIOBOCTI, TAKMX SK MAIIMHO- Ta KOpaOieOyyBaHHS, apXiTEKTypa, IHXKeHepis,
mu3aiiH Tomo. AutoCAD 103BOJisie KOPUCTyBayaM CTBOPIOBAaTH Ta BI3yalli3yBaTH 3MOJIEIbOBaHI
00’€KTH, aHaNI3yBaTH pe3yJbTaTH MOJETIOBAHHSA, OTPUMATH TOYHE IMPEACTABICHHS MOJACIi Y
TPUBHUMIPHOMY BUTJISII, IO POOUTH rpadiuyHy CUCTEMY HE3aMiHHUM MPOTpaMHUM 3a0€3MeUeHHSAM IS
npodecioHais.

MeTow 0moOBiAi € aHami3 METOMIB TEOMETPUYHOTO MOJICIIOBAHHS HAOYHUX 300pa)keHb
TEXHIYHOTO OOJIaJIHAaHHS, IO € CKJIAJJOBUM €JIEMEHTOM CHEPreTHUYHUX YCTaHOBOK, B TpadiuHii
cucteMi AutoCAD Ta MOXIMBOCTEH 1X pefaryBaHHs 1 Bizyamizairii.

OcHoBHa 4acTtuHa. DopmyBaHHA TpPUBUMIPHUX 00'ekTiB B cucreMi AutoCAD no3Boise
KOHCTPYKTOpPY peasli3yBaTH TPOEKTHI i7ei Ta BUBYATH 3MOJCIIBOBAaHI O0'€KTH Yy BIpTyaJIbHOMY
CepeloBHINI Tiepe] IXHbOI (i3UYHOI peanizamicro. JJis TpoBeIeHHsS MPOIeCcy MOICITIOBAHHS B
cucTeMi repeadadueHo MoBepXHEBe (TPAaHUYHE) Ta TBEPAOTIILHE (KOHCTPYKTHUBHE) MOICITIOBAHHS.

Jlns cTBOpeHHsI nosepxuesux mooeneii cuctema AutoCAD pnae MOXIUBICTh MOJICIIOBATH
MoJTiroHasabHI Ta OaratorpaHHi citku [1, ¢.5] Ta TOHKI OOOJOHKM TaKMMH CIOCOOAaMHU: TMOBEpPXHI
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