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Abstract. The study is devoted to the urgent problem of increasing the durability of armored vehicle
engines by applying advanced laser processing technology. The object of study is piston rings that
are subjected to laser processing in order to form special structures on the surface that provide
increased wear resistance. The obtained results made it possible to establish the regularities of
formation of the structure and properties of the surface layers of piston rings depending on the
parameters of laser processing. The optimal modes of laser processing were determined, which
ensure the maximum increase in wear resistance and durability of piston rings.The results of the
study can be used to develop new technologies to improve the reliability and durability of armored
vehicle engines.
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BILIUB JIA3EPHOI OBPOBKHU HA CTPYKTYPY TA BJIACTUBOCTI NOPIIHEBUX
KIJIELb

Cene3nboB C.B., cryaent rpynu MC-11-23
XapkiBCbKUI HALIOHAJIbHUI aBTOMOOIIbHO-I0POKHIN YHiBepcUTeT

Anomauia. /[ocniodxcenns npuceaueHo akmyanvtiu npoobremi nioguueHns 006208iUHOCMI O8USYHIB
OPOHLOBAHOT MEXHIKU WLIAXOM 3ACMOCYBAHHS NEPCNEeKMUBHOI MeEeXHON02ll a3epHoi 0OpoOKu.
06’ ckmom 0ocniodxncents € nopuinesi Kinvys, AKi niooaromvcs 1a3epHoMy 00poONIeHHI0 3 Memoio
GopmyeanHs Ha NOBEPXHI cneyianrbHuX CMPYKmMyp, wo 3abe3neyyioms niosuujery 3HoCOCmitKicms.
Ompumani pesynromamu 003801UNU ECMAHOBUMU 3AKOHOMIPDHOCMI (POPMYBAHHA CMPYKMYPU ma
eracmugocmell NOBEPXHes8UX UAPIE NOPUIHEBUX Kileyb 8 3ANedCHOCMI 8I0 napamempis 1a3epHoi
00pobku. bByno 6usHaueHo ONMUMANLHI pedcuMu 1a3epHoi 00poOKU, wWo 3abe3neuyroms
MakcumanbHe NiOGUWEHHS 3HOCOCMIUKOCMI ma 0068208iYHOCMI NOpuwiHesux Kineyv. Pesynemamu
00CNIOJCEHH MONCYMb  Oymu  BUKOPUCMAHT Ol PpO3POOKU HOBUX MEXHONO2I NIO8ULYEHHS
HaOditiHOCmMi ma 0082081YHOCMI O8USYHI8 OPOHLOBAHOT MEXHIKU.

Kniouoei cnosa: nasepna 06pobka, nopuwinesi Kinbys, 3HOCOCMIUKICMb, 008208I4HICMb.

Introduction

The object of research is laser treatment of piston ring surfaces by melting and hardening, which
forms special structures and properties to increase the durability of armored vehicle engines.

The aim of the work is to solve the scientific and technical problem of increasing the durability
of piston rings of central compressor stations by forming special structural properties of the surface
layer using laser treatment by melting and hardening.

The research methods include optical microscopy, electron microscopy, X-ray diffraction
analysis, microhardness measurements, laboratory and in-service tests for piston ring wear resistance.

18 Po6oTa BUKOHAHA Iij KepiBHULITBOM acuctenTa baiinamu B. 1.
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Research results and discussion

In order to study the effect of laser treatment on the hardening of the treated surface of the liner,
experiments were conducted in which the cast iron used was hardened in different modes to study the
properties of the hardened layer. At an irradiation speed of 5.4 mm/s, the surface of the cast iron
melted over the entire area of contact with the beam, and at irradiation speeds of 6.5 and 7.6 mm/s, it
partially melted. At an irradiation rate of 11 mm/s, only the surface layer was hardened. The depth of
the layer decreased with increasing irradiation rate according to a parabolic law (Fig. 1).
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Figure 1 — Effect of laser irradiation speed on depth

At an irradiation speed of 11 mm/s, it is 0.5 mm, and at 5.4 mm/s — 1.3 mm.

The microstructure of the melt zone is heterogeneous over the irradiated area and usually
consists of three structural elements: as the irradiation power decreases, the proportion of white cast
iron microstructure with a pre-eutectic structure increases and the proportion of areas with a high-
carbon steel structure with different carbon content decreases. The X-ray diffraction of the melt shows
different amounts of austenite, martensite and cementite. The amount of austenite and cementite
increases with decreasing irradiation rate. Laser treatment does not significantly change the purity or
surface topography of the piston rings (Fig. 2).

The analysis of experimental data shows that laser treatment, which includes both surface
melting and hardening, provides high wear resistance of the ring, which significantly exceeds the
wear resistance of ordinary chrome-plated rings. Thus, the structure of cast iron obtained after laser
irradiation is highly resistant to tempering, provides high hardness in the operating temperature range
up to 350°C and retains structural heterogeneity. At the same time, the surface coating does not affect
the properties of the irradiated layer near the surface during wear [2, 3].

Figure 2 — Profile of the piston ring after irradiation
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When laser machining piston rings, preference is given to irradiation with surface hardening,
since it practically does not change the cleanliness of the irradiated surface. Based on this, among the
studied irradiation modes, we recommended processing in the speed range of 7.6-11 mm/s at a power
of 0.6 kW [1, 3].

Conclusions

1. The structure and properties of piston rings for armored vehicles after laser treatment were
studied using optical microscopy, electron microscopy, X-ray diffraction analysis, microhardness
measurements, laboratory and operational wear tests to investigate the strengthening potential of this
processing method.

2. It has been established that the process of electroplating chromium is inefficient, the
chromium vyield is low, and the production waste is environmentally harmful. Laser processing
methods are characterized by high productivity and efficiency. The results obtained indicate the
prospects of using laser treatment to protect piston rings from wear and corrosion.

3. The analysis of experimental data shows that laser treatment with surface melting and
hardening provides high wear resistance of the rings, which significantly exceeds the wear resistance
of solid chrome rings.

4. An important result obtained was a significant reduction in the wear of the body-liner pair.
It was found that the higher wear of the ring due to surface melting compared to quenching is due to
the formation of austenitic areas on the friction surfaces, while the increased wear of the liner is due
to the formation of harder areas of white hardened cast iron. An important role is played by a decrease
in the proportion of graphite that appears on the surface, i.e., the lubricating effect.

5. The influence of the laser treatment mode on the depth, structure, phase composition, and
properties of the irradiated layer of piston rings was investigated. The range of irradiation speeds at
which fully, partially heated, and surface hardened layers are formed is determined. The irradiation
modes under which layers with different proportions of austenitic, martensitic, and carbide
components with properties that provide high wear resistance are formed are determined.

6. It was found that laser-treated cast iron is characterized by a high resistance to tempering
when heated to 400°C due to the influence of silicon and other alloying elements.

7. The best wear resistance, which exceeds the wear resistance of solid chrome rings, was shown
by rings irradiated in the following mode: W = 0.6 KW, Virradiation = 10-11 mml/s.

8. The results of the work have been implemented at the State Enterprise «Malyshev Planty.

Literature

1. Structure and properties of powder gas-plasma coatings based on nickel / D. B. Hlushkova,
V. A. Bagrov, S. V. Demchenko, V. M. Volchuk, O. V. Kalinin, N. E. Kalinina. Problems of Atomic
Science and Technology. 2022. No. 4 (140). P. 125-130. URL: https://doi.org/10.46813/2022-140-
125.

2. Increasing the corrosion resistance of heat-resistant alloys for parts of power equipment /
V. S. Vahrusheva, D. B. Hlushkova, V.M. Volchuk, T.V.Nosova, S.I. Mamhur, N. I. Tsokur,
V. A. Bagrov, S. V. Demchenko, Yu. V. Ryzhkov, V. O. Scrypnikov. Problems of Atomic Science
and Technology. 2022. No. 4 (140). P. 137-140. URL.: https://doi.org/10.46813/2022-140-137.

3. Influence of structure and phase composition on wear resistance of sparingly alloyed alloys /
D. B. Hlushkova, V. A. Bagrov, V. M. Volchuk, U. A. Murzakhmetova. Functional Materials. 2023.
No. 1 (30). P. 74-78. URL.: https://doi.org/10.15407/fm30.01.74.

110



