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Abstract. The authors investigated the microstructure and mechanical properties of wear-resistant coatings applied by the method of gas-thermal
spraying with heating of the metal to a liquid state and its subsequent spraying with a gas jet. Nowadays, thermal spraying is increasingly an alter-
native to various methods of surfacing due to the high costs of consumables, the complexity of maintenance and safety during repairs. By this
method, it is possible to reliably solve a variety of technological tasks, which include spraying of wear-resistant, antifriction and corrosion-resistant
coatings; alitizing by spraying (increasing heat resistance); increasing the size of products; surfacing and soldering; elimination of casting defects;
manufacture of molds, etc. The tribotechnical properties of the vibration damper rod of a railway carriage with reinforcing surface layers applied
to the working surface by methods of gas-thermal spraying with 40Kh13 steel and galvanic chromium plating were investigated. Structure and
thickness of the coatings, microhardness distribution in the coating-substrate zone, as well as the features of the coatings destruction under
the same test conditions were studied. The criterion for comparing the coatings’ wear resistance was the operating time of the samples before
the beginning of the coating destruction. Wear of the rollers was determined by the change in diameter, and wear of the pads — by the depth and
width of the grooves formed on their surface during the experiment. The coating applied to the vibration damper rod by spraying 40Kh13 steel wire
has high wear resistance in conditions of boundary friction with grease and can be an alternative to electroplated chrome coating. The high wear
resistance of the coating makes it possible to recommend it for restoring the dimensions of worn parts and increasing the durability of new ones,
as well as for replacing special anti-friction bearing alloys.
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AnHomayus. B pabore mcCieoBaINCh MUKPOCTPYKTYpa M MEXaHHYECKHE CBOWCTBA M3HOCOCTOMKHX ITOKPBITHH, HAHECEHHBIX CIIOCOOOM Tra3o-
TEPMUYECKOTO HAIBUICHUS! C HATPEBOM METAJUIA JI0 JKMAKOTO COCTOSHHS U IOCIEYIOUIMM €ro paciblUIeHHEM ra3oBoil cTpyei. ['azorepmuue-
CKOE HaIlbUICHHE B HACTOSIIEE BPEMsI BCE Yallle BHICTYIAET aJbTEPHATHBOM pa3IMYHBIM METO/aM HAIUIABKM HM3-32 BBICOKHMX 3aTpaT Ha Pacxo-
JlyeMbI€ MaTepHaJIbl, CIIOKHOCTh 00CITyKUBaHHs U 0OecredeHust 6e30MacCHOCTH MPH BBINOJIHEHUH peMOHTa. C MOMOIIBIO 9TOr0 CrIoco0a MOKHO
HAJIOKHO pelIaTh Pa3HOOOPa3HbIC TEXHOIOTMUSCKUE 3a/1a49i, K KOTOPbIM OTHOCSTCS: HANbUICHHE U3HOCOCTOMKNX, aHTH()PUKIIMOHHBIX U KOPPO-
3MOHHOCTOMKHMX MOKPBITHI; aTUTUPOBAHHE HAMbUICHUEM (TIOBBIILICHHE KAPOCTONKOCTH); HapallMBaHUE Pa3MEPOB M3/ICNNii; HAIIaBKa U MaiKa;
yCTpaHEHHE JIUTEHHBIX Je()EeKTOB; N3roTOBJICHHE Hpecc-GopM U Ap. ABTOPBI HCCICAOBAIN TPHOOTEXHUYECKHUE CBOMCTBA IITOKA BUOPOracHTEIst
HKEJIC3HOJOPOKHOTO BarOHa ¢ HAHECEHHBIMHM Ha Pabo4yl0 MOBEPXHOCTb YIPOUHSIONIMX MOBEPXHOCTHBIX CIOEB CIOCOOAMH ra30TePMUUYECKOTO
HambuieHus cramn 40X13 ¥ rajpBaHNYECKOTO XPOMHPOBAHUS. V3ydann cTpoeHHe W TONIIMHY MOKPBITHH, pactpenesieHHe MUKPOTBEPIOCTH B
30HE MOKPBITHE — MOIOKKA, A TAKKE 0COOCHHOCTH Pa3pyIICHUs HOKPBITHIH MTPU OJMHAKOBBIX YCIOBHSX McHbITaHui. Kpurepuem nis cpaBHeHus
HM3HOCOCTOWKOCTH TIOKPBITHH SIBIISICTCS BpeMst pabOThI 00pa3IoB 10 Hadasla pa3pyIeHHs TOKPHITUS. MI3HOC pOIMKOB ONpeersiicst 0 M3MEHEHUIO
JIMaMeTpa, a KOJIOAOK — 10 NIyOHHEe U LIMPUHE KaHABOK, 00PAa30BaBILIMXCS HA MX TIOBEPXHOCTH 3a BPeMsl IPOBE/IeHHs dKcnepumenTa. [Tokpeitue,
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HAHECEHHOE Ha IITOK BHOporacuTess pacnbuieHHeM npoBosiokn u3 ctainu 40X13, obnasaeT BBICOKOH M3HOCOCTOWKOCTBIO B YCIIOBUSIX TPaHHY-
HOTO TPEHHUSI CO CMA3KOH M CHOCOOHO OBITH AIBTEPHATHBOW TaJIbBAHMYECKOMY XPOMOBOMY MOKPBITHIO. BBICOKasi M3HOCOCTOWKOCTD MOKPBITHS
MI03BOJISIET PEKOMEH/I0BATh €T JJIsl BOCCTAHOBJICHHUS Pa3MEPOB N3HOIICHHBIX JIETAJICH U MTOBBIIICHUS J0JITOBEYHOCTH HOBBIX, & TAKIKE ISl 3aMEHBI

CII€IHaJIbHBIX aHTI/ICpr/IKI_II/IOHHLIX TIOAUIMITHUKOBEIX CIIIIABOB.

Kawuessie cnoesa: KOHCTPYKIIMOHHAA CTallb, pa3MepHLIﬁ L[e(bCKT, M3HOCOCTONKOE IIOKPBITHUE, Ia30TEPMUICCKOC HAIIBLJICHUEC, TpI/I60TCXHI/I‘I€CKI/IC

CBOMCTBA, TPEHUE CKOJIbKECHHS
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- INTRODUCTION

Structural steels of various chemical compositions
are traditional materials for manufacturing compo-
nents of mechanisms and equipment. During operation,
under conditions of sliding friction on working surfaces,
the geometric dimensions of such components change,
which consequently leads to disruptions in the operating
modes of mechanisms and the occurrence of hazardous
situations. The intensity of the wear process depends
on several factors: chemical composition of the steel,
its operational characteristics, load, and sliding speed
of the working surface against the counterbody. A criti-
cal task in modern mechanical engineering is to develop
a scientifically grounded set of measures for creating tech-
nologies to restore the working surfaces of machine com-
ponents and tooling. One of the most promising methods
is gas-thermal restoration of worn surfaces by applying
metallic, non-metallic, and composite coatings. This
involves heating the source material to a liquid or plastic
state and spraying it with a gas jet. This method includes
the previously known metallization process by spray-
ing and similar processes for applying various materials.
The spraying process consists of several stages: the initial
stages ensure the atomization of the source materials, and
in the final stage, they are deposited onto a target.

The gas-thermal spraying process is defined by dis-
tinct thermodynamic and aerodynamic characteristics [1],
which are of practical importance as they directly influ-
ence the quality of the deposited material layer and its
functional performance [2 — 9].

The gas-thermal spraying (GTS) process consists
of four sequential stages: melting the source material in
quantities sufficient to ensure continuous and uninter-
rupted spraying; atomizing the molten material into fine
particles using jets of compressed air or other gases; crea-
ting a directed flow (spray plume) of these molten and
atomized particles; and depositing the particles to form
a material layer. During deposition, the particles, pro-
pelled by their kinetic energy, bombard the target surface,
embedding themselves in its irregularities and adhering
to previously deposited particles. Gas-thermal spraying
is increasingly emerging as an alternative to traditional

surfacing methods, which are often associated with high
consumable costs, complex maintenance requirements,
and significant safety challenges during repairs [10 — 16].

This study presents a comparative analysis of the struc-
ture and properties of gas thermal coatings made from
high-chromium steel, applied to the working surface
of a vibration damper rod in a passenger railway carriage.
The coatings were applied using GTS, where the metal
was heated to a liquid state and sprayed with a gas jet, and
electroplated chrome coatings for comparison.

[l MATERIALS AND METHODS

The tribotechnical properties of the vibration damper
rod of a railway carriage were investigated, with reinfor-
cing surface layers applied to the working surface using
gas-thermal spraying with 40Kh13 steel and electroplated
chrome coatings. The chemical composition of the coa-
tings was determined by X-ray fluorescence analysis, and
the results were compared with the chemical composition
of 40Kh13 steel according to GOST 5632 — 72. The study
examined the structure and thickness of the coatings,
the distribution of microhardness in the coating-sub-
strate zone, and the characteristics of coating destruc-
tion under identical test conditions. Metallographic
studies of the friction surfaces were conducted using
a NEOPHOT-21 optical microscope, and the microhard-
ness was measured with a PMT-3 microhardness tester.

The chemical composition of the coating obtained
by gas-thermal spraying of 40Khl13 wire was as fol-
lows (wt. %): C 0.38, Si 0.21, Mn 0.64, Cr 0.87. A com-
parison of the primary element content, particularly chro-
mium, showed that the coating material after spraying
corresponded to the standard composition of 40Kh13
steel as per GOST 4543 — 71.

The wear of the rollers was determined by measuring
the change in diameter, while the wear of the pads was
evaluated based on the depth and width of the grooves
formed on their surface during the experiment. A compa-
rative analysis of the tribotechnical properties of electro-
plated and gas-thermal coatings was performed using
a SMT-1 tribometer, following a roller-to-pad configu-
ration. The rollers were the test samples, and the pads
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were made of SCh 32-52 grade cast iron. The test con-
ditions closely simulated the real operating conditions
of vibration dampers, including the lubricant used in this
design (VMGZ oil). Tests were conducted until the onset
of coating destruction, which was monitored by obser-
ving changes in surface topography and detecting initial
signs of coating failure. After every three hours of experi-
mentation, the structure of the coating and substrate was
analyzed, microhardness was measured, and changes in
the dimensions of rollers and pads were recorded.

The implementation of new high-velocity gas-flame
spraying systems offers significant potential for further
development of this method, particularly in protect-
ing critical machine and mechanism components from
abrasive wear, corrosion, and other types of degrada-
tion [6 — 12]. One such critical component is the vibra-
tion damper of a railway carriage (Fig. 1), a large oilfilled
shock absorber designed to dampen carriage oscillations
during motion. A passenger carriage typically has four
vibration dampers. Generally, within six months of ope-
ration, these dampers begin to fail due to the destruction
of the chrome coating and oil leakage. The cumulative
costs of oil loss, rod replacement, and carriage down-
time are substantial. It should be noted that worn rods are
typically not repaired but discarded. Improving the wear
resistance of these critical components can significantly
reduce railway maintenance costs and enhance the safety
of railway operations [13 — 16].

Surface to be restored
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Fig. 1. General view (a) and diagram (b) of the vibration damper rod
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Samples for the structural and tribotechnical studies
were prepared from two types of vibration damper rods:
the first was a worn rod restored using GTS with 40Kh13
steel wire, and the second was a rod coated with a pro-
tective layer applied through standard electroplating in
a liquid electrolyte.

The wear rates of the electroplated and gas-thermal
coatings on the test samples were determined through
comparative wear tests conducted on a 2070 SMT-1
tribometer, following the previously described roller-to-
pad configuration. The experimental scheme is shown in
Fig. 2.

The performance criterion for comparison was
the duration of sample operation until the onset of coa-
ting failure under a load of P =400 N and a shaft rota-
tion speed of ® =350 rpm. The degree of wear was
evaluated using the following parameters: for the rollers,
by the change in diameter; and for the pads, by the depth
and width of the grooves formed on their surface during
the experiment.

- RESULTS

The structural analysis of the coatings revealed notable
differences. The thickness of the dense electroplated
chrome coating did not exceed 0.1 mm, with a sharp and
well-defined boundary observed between the coating
and the substrate (Fig. 3, @). In contrast, the thickness
ofthe coating applied through GTS reached approximately
2 mm, with a similarly distinct boundary evident in this
case. The metal structure within the gas thermal sprayed
coating zone comprised mixed layers of the sprayed
metal, varying in thickness (Fig. 3, b). Discontinuities,
such as cracks and pores, were observed at the boun-
daries between these layers. The calculated porosity
of the material was determined to be 5 — 6 %. Microhard-

| Test sample

I — Tribometer shaft

— VMGZ oil

Fig. 2. Experimental scheme
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ness measurements indicated that the chrome coating
exhibited a hardness of approximately 700 HV, while
the gas-thermal sprayed coating demonstrated a hardness
range of 340 — 400 HV. The substrate material (45 steel)
had a hardness within the range of 150 — 180 HV.

During the first three hours of testing, no signifi-
cant changes were observed in either sample. However,
after six hours of testing, the sample with the chrome
coating began to exhibit the initial signs of substrate
material deformation and localized chipping of the coa-
ting. These signs included the formation of a deformed
layer beneath the coating, measuring 0.8 — 0.9 mm in
depth, and the detachment of coating fragments along
the boundary (Fig. 3, ¢). The image clearly illustrates
that the failure of the chrome coating occurred through
the detachment of small particles in areas where sub-
strate material (the rod) deformation had occurred
beneath the coating.

The coating applied through GTS retained its original
structure throughout the entire testing period (9 h) with-

out any visible signs of damage. Wear occurred gradually,
with the removal of thin surface layers, avoiding the for-
mation of localized areas with significant material loss.

[ ANALYSIS AND DISCUSSION OF RESULTS

The analysis of the results revealed that the coat-
ing applied to the vibration damper rod through GTS
of 40Kh13 steel wire demonstrated excellent wear resis-
tance under conditions of boundary friction with lubrica-
tion. This highlights its potential as a viable alternative
to electroplated chrome coatings. The exceptional wear
resistance of the gas thermal coating makes it suitable
not only for restoring the dimensions of worn compo-
nents and enhancing the durability of new ones but also
as a replacement for specialized anti-friction bearing
alloys. The findings suggest that, in most cases, GTS is
the most economically viable method for applying anti-
friction coatings on components operating under sliding
friction with either limited or abundant liquid lubrica-
tion [17 — 20].

ﬁ""""\’f.

C, RO g ,“& ,.,;J’ 250 pm
e S L —

Fig. 3. Microstructure of the samples in cross section:
a — chrome coating applied by galvanic method; b — coating obtained by gas-thermal spraying;
c and d — destruction of chrome and of sprayed coatings

Puc. 3. MuKpocTpyKTypa 00pa3sLoB B IIONEPEYHOM CCUCHHH:
a — XpOMOBOE MOKPBITHE, HAHECEHHOE ralIbBAHUYECKUM CIIOCOOOM; b — MOKPBITHE, MOIYYEHHOE ra30TePMUYECKUM HAIIBUICHUEM;
¢ 1 d — pa3pyleHHe XpPOMOBOI'O M HAMBUICHHOTO MTOKPBITHS
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- CONCLUSIONS

It has been established that the GTS method, which

involves heating the metal to a liquid state followed by its
atomization using a gas jet, can be effectively employed
to restore the worn surfaces of steel components.

Comparative studies of the tribotechnical properties

of coatings applied through GTS and electroplating indi-
cate that the gas thermal method reliably addresses a wide
range of technological applications, including application
of wear-resistant, anti-friction, and corrosion-resistant
coatings; alitizing through spraying (to enhance heat
resistance); increasing the dimensions of components;
surfacing and soldering through spraying; rectification
of casting defects.
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