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OPTIMIZATION OF ELECTRIC ARC METALLIZATION PARAMETERS TO IMPROVE THE
PROPERTIES OF 30KhGSA STEEL COATINGS IN THE AUTOMOBILE INDUSTRY

This paper discusses the optimization of arc spraying parameters to improve the properties
of 30KhGSA steel coatings, which are widely used in the automotive industry. The use of high-
strength steels such as 30KhGSA is driven by the need to improve safety, energy efficiency and
reduce emissions. The paper examines in detail the effects of compressed air pressure, temperature
and other spraying parameters on the quality of the coatings. The use of the supersonic arc spraying
method made it possible to obtain coatings with improved mechanical properties such as hardness,
wear resistance and adhesion strength. The experiments were carried out using an electron
microscope to analyze the cross-section of the coatings, as well as a profilometer to assess the
surface roughness. The results demonstrate that increasing the compressed air pressure helps to
reduce roughness and increase the hardness of the coating. The paper emphasizes the importance
of optimizing the metallization parameters to improve the efficiency of protective coatings under high
operating conditions in the automotive industry.
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Introduction

The automotive industry is under increasing pressure to adopt advanced high-strength steels
to meet the growing demand for improved safety, energy efficiency, and reduced emissions [1]. One
such material that has attracted the interest of researchers and industry professionals is 30KhGSA
steel, a high-strength, low-alloy steel characterized by unique chemical composition and
microstructural features [2, 3]. Electric arc spraying, a thermal spraying method, has emerged as a
promising method for applying protective coatings to these steel surfaces [3].

Damaged crankshafts, often caused by wear, can be restored to functionality using a variety
of methods, including hard chrome plating. This process improves the surface hardness, wear
resistance, and corrosion resistance of the crankshaft, thereby extending its service life. However,
environmental and health concerns associated with chrome plating have led to the exploration of
alternative coating methods, such as electric arc spraying. This method uses compressed air to
deliver droplets of molten metal onto a substrate, creating a protective coating with the desired
mechanical and tribological properties [4, 5]. The aim of this research is to study the effect of
compressed air on the properties of 30KhGSA steel coatings obtained using electric arc spraying.

Materials and research methods

In the experiment, the EDM-5U electric arc metallizer shown in Figure 1 was used to obtain
the coating. Steel grade 45 was used as a substrate, and the diameter of the 30KhGSA steel wire
was 1.6 mm. Before spraying, the samples were sandblasted. The coating application modes are
given in Table 1.

ISSN 2788-7995 (Print) IITokopiM yHHBEpCHTETiHIH XabapIubichl. TexHUKaIbIK FeuTbIMaap Ne 4(16) 2024 90
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 4(16) 2024


https://doi.org/10.53360/2788-7995-2024-4(16)-#6
mailto:aibeek-99@list.ru
https://crossmark.crossref.org/dialog/?doi=10.53360/2788-7995-2024-4(16)-12&domain=pdf&date_stamp=2024-12-27

Figure 1 — a) Flow chart of electric arc metallization (1 — metallizer body; 2 — wire feed mechanism;
3 — air supply channel; 4 — electrode wires; 5 — electric arc with sprayed wire particles;
6 — sprayed coating) b) external view of the gun; c) external view of the source and compressor.

Table 1 — Modes of applying 30KhGSA coatings by electric arc metallization

Sample Voltage, V Current, | Wire feed |Compressed air | Spray distance, Spray time, sec
A speed, cm/s | pressure, atm mm
Ne 1 7
Ne 2 42 300 16 8 15 15
Ne 3 9

A JSM-6390 LV JEOL electron microscope was used to study the cross-section of the
coatings. The roughness of the coatings was measured using an Anytester HY2300 profilometer.
The microhardness of the created coatings was determined by the cross-section using a Vickers
HLV-1DT microhardness meter with an indenter load of 0.2 N and a holding time of 10 seconds. The
tribological properties of the coatings were studied using an Anton Paar TRB3 tribometer.

The adhesion strength of the coatings was assessed using the pin method [6]. The essence
of the method is that when a load is applied, the coating is torn off from the substrate, while the force
required for tearing is recorded. To assess the adhesive strength using the pin method, samples
were prepared (see Fig. 2) consisting of a pin and a substrate equipped with a gripping device with
a hole and a fastener for fixing the pin. The sample design used a washer with a hole in which a pin
was installed so that its end surface was flush with the outer plane of the washer. The coating was
applied to the common surface of the end of the pin and the washer. To prevent the pin from falling
out during spraying, it was fixed with a screw. The pin was torn off the substrate using a universal
tensile testing machine WDW-100 kN. The adhesion strength was determined as the ratio of the
maximum force at which the coating was torn off to the area of the end of the pin.

Figure 2 — Testing the adhesion strength of coatings using the pin method:
a) Schematic diagram of the manufactured sample: 1 — substrate (45 steel); 2 — coating;
3 —retainer; 4 — pin

Results and discussion

Figure 3 shows the scanning electron microscope (SEM) images showing the cross-sections
of the coatings produced by the supersonic arc metallization method. It can be seen from Figures
3a, b, c that the coating thickness varies. With increasing compressed air pressure, the effective
spraying efficiency decreased, probably due to the decrease in particle size. The coating thickness
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values are given in Table 2. It can also be seen that with increasing compressed air pressure, the
coatings become denser and less porous.

Figure 3 — SEM images of cross sections of samples

Table 2 — Coating thickness
Sample Ne 1 Ne 2 Ne 3
Coating thickness, um 966,78+22,21 665,4+30,27 | 401,36+25,77

Studies have shown that the surface roughness of coatings produced by supersonic arc
metallization (SAM) decreases with increasing compressed air pressure. The roughness was
measured using the Ra parameter, which is the arithmetic mean deviation of the surface profile.
According to the data, an increase in pressure contributes to a decrease in the Ra index: for sample
Ne 1 it is 20,054 um, for sample Ne 2 — 19,16 um, and for sample Ne 3 — 14,358 um. This is due to
the fact that an increase in pressure increases the kinetic energy of the coating particles, which leads
to their stronger impact on the substrate and a denser, more uniform distribution of the material. A
higher patrticle velocity improves their sintering and merging both with each other and with the
substrate, which reduces the number of microvoids and irregularities. In addition, more efficient
spraying at increased pressure contributes to a uniform distribution of particles and the formation of
a smooth surface with smaller height deviations [7-10].

Figure 4a shows that the hardness of the coatings obtained by the supersonic arc
metallization method is higher than that of steel 45. With an increase in compressed air pressure,
the hardness of the coatings also increases. It should be noted that the steel wire of the 30KhGSA
brand used for spraying has a higher hardness compared to steel 45, amounting to 289 HV and 204
HV, respectively. It is noteworthy that the hardness of the coatings exceeds the hardness of the
original wire. Sample Ne 1, processed at a compressed air pressure of 7 atm, has a hardness of
309,33£13,89 HV; sample Ne 2, at a pressure of 8 atm — 314,2+12,1 HV; and sample Ne 3, at a
pressure of 9 atm — 331£10,32 HV.

The increase in the coating hardness compared to the original 30KhGSA wire after
supersonic arc metallization is explained by the fact that upon contact with the substrate, the metal
particles are subjected to rapid cooling due to a cold jet of compressed air, which contributes to their
instantaneous hardening [11, 12]. The increase in hardness with increasing compressed air pressure
is due to the fact that with greater kinetic energy, the density of the coatings increases. The density
of the sprayed metal depends on the speed of the particles before impact and their dispersion: the
smaller the particle size, the higher the hardness, and the dispersion increases with increasing
compressed air pressure.

Figure 4b shows the results of determining the friction coefficient. The obtained values are
as follows: steel 45 — 0,472; sample Ne 1 — 0,538; sample Ne 2 — 0,528; sample Ne 3 — 0,523. These
results demonstrate that with an increase in compressed air pressure, it is possible to improve the
wear resistance of the coatings. With an increase in compressed air pressure, the average pore size
decreases, which helps to improve the antifriction properties of the coatings.
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Figure 5 — Results of tribomechanical tests of coatings: hardness (a); coefficient of friction (b)
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When testing the adhesion strength of the coatings using the pin method, an adhesive rupture
occurred in all samples, indicating the presence of a clear interface between the substrate and the
coating. This means that the adhesion strength between the coating and the substrate was lower
than the cohesive strength of the coating particles. Table 5 presents the results of the study of the
adhesion strength of the coatings, which show that with an increase in compressed air pressure, the
adhesion strength increases. Sample Ne 3, sprayed at a compressed air pressure of 9 atm,
demonstrated the best results. This is due to the fact that higher pressure contributes to an increase
in the kinetic energy of the particles, which leads to a stronger penetration of the coating particles
into the surface of the substrate.

Table 3 — Results of coating adhesion strength tests

Samples Coating adhesion strength, MPa
Ne 1 15,43+2,11
Ne 2 18,55+1,65
Ne 3 22,32+0,95
Conclusion

This study examined the influence of various parameters of the supersonic arc metallization
process on the properties of protective coatings made of 30KhGSA steel. Particular attention was
paid to changing the compressed air pressure and its effect on the mechanical and tribological
properties of the coating, such as hardness, adhesion and wear resistance. The results confirm that
optimization of metallization parameters can significantly improve the performance characteristics of
coatings, making them suitable for use under high load conditions, which is especially important for
the automotive industry.

Based on the analysis, the following conclusions were made:

1. Increasing the compressed air pressure during spraying significantly improves the quality
of the coating. With increasing pressure, the porosity and roughness of the coating decreases, and
the density and homogeneity of the distribution of particles on the substrate surface increases.

2. The maximum mechanical properties of the coating, such as hardness and wear
resistance, were achieved at a compressed air pressure of 9 atm. This pressure also ensured the
best results in terms of the adhesive strength of the coating, which is due to the increased kinetic
energy of the particles and their stronger penetration into the substrate.

3. Experiments confirmed that increasing the compressed air pressure increases the speed
of the particles, which leads to better fusion of the coating particles with the substrate and a decrease
in the number of microvoids. This improves the mechanical properties of the coating and its
resistance to wear and corrosion, which is especially important for parts subject to high loads.

4. The results of the work show that optimizing the parameters of supersonic arc metallization
can significantly improve the performance characteristics of the coatings. This opens up prospects
for further application of this method in the restoration and protection of parts such as crankshafts
and transmission components operating in difficult conditions. The results obtained can be used to
optimize the parameters of the supersonic arc metallization process in order to improve the
characteristics of protective coatings in mechanical engineering and other industries.
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ABTOMOBMUIIb OHEPKSCIBIHAET 30XICA BOJIAT XABbIHAAPbIHbIH KACUETTEPIH XKAKCAPTY
YLWIH SNEKTP OOFAIbIK METAIIAAHALIPY NAPAMETPJIEPIH OHTAUNAHObIPY

byn makanada asmomobusnb eHepkacibiHOe KeHiHeH KondaHblnamsiH 30xac bonam xabbiHOapbIHbIH
KacuemmepiH xakcapmy ywiH 3nekmp dQorfacbiH MemandaHObipy napamempsiepiH oHmadnaHobIpy
Kapacmbipbiiadel. 30XICA cusikmbi xxorapbl 6epikmiai 6ap 6onammapdbi natidanaHy Kayinciadikmi, 3Hepausi
muimdiriieiH apmmebipy xoHe wbiFapbiHObITapObl aszalimy KaxxemminieiHe 6alnaHbicmbl. Makanada KbicbirraH
aya KbICbIMbIHbIH, memMrepamypaHbIH XoHe b6acka bypKy napamempriepiHiH xabbiH canackiHa acepi eaxel-
meaxelni Kapacmbipbinadbl. [bibbicmaH xofapbl 0oFasibik MemarndaHObIpy 80iCiH KondaHy KammblifbiK,
mo3syra me3simOinik xoHe xabbicKak bepikmik CUSKMbI XakcapmbifiFaH MexaHukasblK Kacuemmepi 6ap
XabbiHOapdb! arnyra MyMmKiHOiKk 6epdi. Toxipubernep xabbiHOapObiH kKendeHeH KumacblH manday yWwiH
31eKMpPOHObI MUKPOCKONMbI, coHdal-aK 6emiHiH kedip-6yObipbiH 6aranay ywiH rnpogomempdi KondaHy
apkbinbl xypeisindi. Homuxenep ChifbiniFaH aya KbICbIMbIHbIH XOfapbliaybl kedip-6yobipdbiH memeHdeyiHe
XoHe XabbiHHbIH KammblfibifbiHbIH XXOfapbinaybiHa biknan ememiHiH kepcemedi. Makana asmomoburib
eHepkacibiHOe xofapkl natidanaHy XardalisiHO0a KOpfaHbIC XabbiHdapblH KorndaHy muimdinieiH apmmabipy
YWwiH memarndaHObIpy napamempriepiH oHmaunaHObipyObiH MaHbI30blbifbIH Kepcemedi.
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ONTUMU3ALUA NAPAMETPOB 3JIEKTPOAYIOBOW METANIU3ALMN OANA YNYYLLUEHUA
CBOWCTB MNOKPbITUWA CTAJIU 30XITCA B ABTOMOBUIIbHOW NPOMbILUIIEHHOCTU

AHHOmMauyusi: B cmambee uccnedyromcs napamempsbi 37ekmpody2o8ol Memannusayuu 0nsa
onmumu3ayuu ceolicme 3auumHbix nokpbimut u3 cmanu 30XICA, komopasi ugpaem Kro4yesyr posib 8
asmomobursbHOU rpoMbiwieHHocmu brnazodapsi ceoel 8bICOKOU MPOYHOCMU U HU3KOU fleauposaHHocmu. B
ycrosusix pacmywux mpebosaHuli K rosbiweHuro b6esonacHocmu, 3Hep203ghheKmu8HOCMU U CHUXEHUIO
8peldHbIx 8bI6POCO8, MaKue Mamepuaribli cmaHoesmcs 8cé bonee socmpebosaHHbiMU. OCHOBHOE BHUMAaHUE
yOensemcsi enusiHUIO 0aerieHuUsl Cxamoeo 8030yxa Ha Ka4yecmeo [MOKPbIMul, HaHOCUMbIX Memodom
ceepx3sykoeoli Oyz080l Memasnuzayuu. JSKcriepuMeHm poeoousicsi C UCMob3osaHUeM cmanu 45 8
Kkayecmee rodnoxku u npoeosoku 30XICA duamempom 1,6 mm. [ OUEHKU 8USIHUSI Pa3fiuYdHbIX PEXUMO8
Memarnnusayuu bbinu npoaHanu3uposaHbl makue rnapamempbl, Kak HanpspkeHue, Mok, CKopocms rnodadyu
rpoeorsioKu, asneHue cxxamoeao 8030yxa U paccmosiHue pacrbineHusi. B kauecmee Mmemodos uccriedosaHus
UCronb308asuchb 3r1eKMPOHHbIU Mukpockon JSM-6390 LV JEOL 0Ona aHanu3a nornepeyHbix cedeHul
rnokpsimud, ripogpuriomemp Anytester HY2300 0ns oueHku wepoxogamocmu u mpubomemp Anton Paar
TRB3 dns usyqyeHust mpubornoaudeckux xapakmepucmuk. [Tony4yeHHbie aHHbIe MokKasasu, 4Ymo yeesudeHue
daesrieHus cxamozo 8030yxa rpueodum K 3HaqyumesibHOMY YMeHbWEeHUIo MopuUcmocmu U wepoxoeamocmu
MOKPbIMUSI, M08bILEHUI e20 meepdocmu u usHococmotikocmu. OCOBEeHHO 8aXKHbIM PE3y/ibmamomM Cmarso
ynyqweHue af2e3uoHHOU NPOoYHOCMU MOKPbLIMUS npu dasneHuu 9 amm, 4mo ces3aHo ¢ bosiee naomHbIM U
pasHoMepHbIM pacripedesieHUeM Yyacmuuy,. ViccriedogaHusi makxe riokasarsiu, 4mo rosbiueHUe KUHemu4ecKkou
aHepauu 4Yacmuy criocobcmeyem JydweMy CIIUSHUIO  MOKPbIMUSI C  MOOMOXKOU U y8euyeHuro
3KCrlyamayUoHHbIX c80UCME MOKPbIMUS, Makux Kak CmoUKoCmb K USHOCY U KOppo3uu. Omu pe3yribmameal
rnod4yepkusarom 3Ha4UMOCMb ONMuUMU3ayuUu napamMempos ceepx3gykogoli dy2oeol memannusayuu Ons
C030aHUsI 8bICOKOI(hYEKMUBHBIX 3alWUMHbIX MOKPbIMUU, MPUMEHSIEMbIX 8 YCI08USIX UHMEHCUBHbIX
Haepy30K, 4mo 0ocobeHHO akmyarnbHo Onisi demarnel asmomMobusibHbIX 08ugamesel U mpaHCMUcCUd.

Kniouyeebie cnoea: 3snekmpodyeogas Memarsusauyusi, MOKpbIMue, cmarbHas Hariaago4yHas
rpoe8osioKa, usHococmolikocms, ad2e3usi, meepdocmes.
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OTEYECTBEHHOE NMPOU3BOACTBO MANOIrABAPUTHON CNELUTEXHUKU
(MUHN-TPAKTOPbI, MUHN-®POHTAJIbHBIE NMOIMrPY34nKHN)

AHHOmMauyus: B daHHOU cmambe paccmampusaemcsi npou3soocmeo masiozabapumHou
creymexHUKU, 8 4acmHoOCmu MUHU-mMpPakmopo8 U MUHU-o2py34ukos. OCHOBHOE 6HUMaHue
ydesieHo akmyarsibHOCMU UCMO1b308aHUS MakKux MawuH 8 yCr1I08USIX 02paHUYeHHbIX MPOCmpaHcme
u crieyuguku marnbix xo3saticms. [NpueedeHbl KoYesble acrekmsl pa3pabomku U npoekmuposaHusi
MUHU-MEeXHUKU, 0bcyxx0aromcs ucrnofib3yemble Mamepuarbl U rpou3eodcmeeHHbIE MpPoUEcChl.
Onucaxbl pesynbmamel uccredogaHull o ahghekmusHocmu Mmano2abapumHol MEXHUKU 8
CenlbCKOX035AUCME8eHHOU U cmpoumersibHOU cqhepax, UX 3KOHOMuYecKasi 8bl2o0a, 3Kosoa2udyecKkas
6e3onacHocmb U rnpakmu4yeckasi yeHHocms. Ha ocHogee nposedérHbIX uccnedosaHuli denaromcs
8bI800bI 0 Heobxodumocmu u nepcriekmueax pas3eumusi mano2abapumHol crneuymexHuUKU Kak
aghgpekmugHo20 peweHuss Ond  Mano20 6usHeca U YacmHbIX XO038UCme U CHUXEHUS
umrniopmosasucumocmu Pecrnybnuku KazaxcmaH.

B cmambe makxe paccmampusaromcs 3KOHOMUYECKUEe 8bl200bl MarioeabapumHou
MEeXHUKU, C8fi3aHHble C  COKpaweHuUeMm  3KcryamayuoHHbIX  3ampam, roebiueHuem
npouseodumersibHocmu u adanmauyuel K Hyx0am mano2o busHeca U YaCmHbIX X035Ucme.

Asmopsbl npueodsm pe3ynbmamsl uccredogaHul, 0eMoHcmpupyrouue 3¢hheKkmueHocmb
ucronib3o8aHusi Masnoz2abapumHol MexHUKU 8 pa3fuyHbIX Ompacsiix 3KOHOMUKU, 8K/IoYasi
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