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COMBINED TECHNOLOGY OF STRENGTHENING THE SURFACE LAYER
OF PISTON RINGS FROM STEEL 18X2H4MA

KOMBIHOBAHA TEXHOJIOI'TA 3MIIHEHHS ITIOBEPXHEBOI'O LIAPY
MHNOPIIHEBUX KIJIEIb I3 CTAJII 18X2H4MA

In the production of engine parts, namely the cylinder-piston group, in order to improve the
wear resistance and operational reliability of piston rings, there is a need to replace the material. The
search for the most attractive options is to use alloyed steels of grades 18X2H4MA, 38X2H4MA,
50XDA instead of 15X2H2TPA, 20X2H4A. During chemical-thermal treatment of the surface layer of
parts, the materials acquire increased properties in terms of wear resistance and corrosion resistance.
The most attractive strengthening technologies include combined methods of surface layer
treatment — nitriding, boriding with subsequent laser surface treatment. Nitriding allows to obtain a
dense nitrided layer up to 160 microns thick on steels 18X2N4MA, 38X2N4MA, 50XFA. Laser treat-
ment of the nitrided surface leads to the formation of complex solid phases with combined microstruc-
tures and special properties of the surface layer. Significant hardness, wear resistance is due to the
presence in the surface layer of complex carbides, iron nitrides and individual components of alloy
elements that are part of the chemical composition of steels [1].

Keywords: piston ring, nitriding, tribo system, cylinder-piston group, wear, friction surface,
laser treatment.

Llpu eupobruymsi oemaneii 08uUeyHa, a came YUNiHOPO-NOPUIHEBOL 2PYNU 3 MEMOIO NOKPAUJeHHS
3HOCOCMIUKOCMI MA eKCNIIYAMAayitiHilil HAOIIHOCME NOPWHESUX Kileyb BUHUKAE NOmMpeda 3aminu mamepia-
ay. Tlowyx Haubinbw npusabausux eapianmie € UKOPUCMAHHA Jleeosanux cmanel mapox 18X2H4MA,
38X2H4AMA, 50XDPA na sminy 15X2I'H2TPA, 20X2H4A. [lpu ximiko-mepmiuniti 00podyi nosepxneso2o
wapy oemarneil mamepiany Haby8amMv NIOBUUEH] 81ACMUBOCIE 3 3HOCOCMILIKOCTII, KOPO3IUHOI CIIUKOC-
mi. J{o Hatibinbuw npueadIuBUX MexHON02IU 3MIYHEHHS MOJNCHA 8iOHeCmuU KOMOIHO8AHI cnocobu 0OpoOKu
NOBEPXHEB020 WAPY — A30MYBanHsl, OOPYEAHH 3 HACHYNHOIO IA3EPHOI0 0OPOOKOI0 NOBEPXHI.

Aszomyeanus 0ozeonsae na cmanax 18X2H4MA, 38X2H4MA, 50XDA ompumamu wineHuil azo-
mosanuti wap moswurorw 0o 160 mxm. Jlasepra 00podxa azomoeanoi nogepxui npueooums 00 Ymeo-
PeHHs CKIAOHUX meepoux (a3 3 KOMOIHOBAHUMU MIKDOCMPYKMYPAMU | OCOOTUBUMU 61ACTUBOCAMU
noeepxneso2o wapy. 3Hauna meepoicmb, 3HOCOCMIUKICMb 00YMOBNEHA HAAGHICMIO 6 NOBEPXHEeBOMY
wapi ckiaoHux Kapoioie, HIMpuoie 3aniza ma OKpeMux KOMNOHEHMIE JIe208aHUX eNeMEeHMI8, WO 6X0-
0smo 00 Ximiunozo cknady cmaneti [1]. Ocrnosnoro npobnemoro npu 06podyi nogepxnesoco wiapy nopui-
HeB020 KibYsl € pU3UK GUKPUBTEHHST 0emalli 8 HACII00K mepmiyHozo enausy. Haepie npu azomysanni ma
Jlazepuii 06pooOYi TOKALHUX 30H NPU3BOOUMb 00 BUKPUBTEHHS KpUCMAniunoi pewimku memaiy. Tomy
mepmiuny i 1azepHy 00poOKY MOHKOCMIHHOL Oemaii nposoodsims y CReyiaibHO (QIKCYrOUOMY NPUCmpoi,
AKUL HCOPCMKO hiKCYe 0emans Ha KOXHCHIU cmadii mepmiuHoi 06pobKu ma 1a3epHo20 GNuUs).

Kniouesi cnosa: nopuinese Kinvye, azomysanis, mpubo cucmema, YyuniHopo-nopuinesa epyna,
3HOC, NOGEPXHsL Mepms, 1a3epHa 00POOKA.

Problem’s Formulation

The main problem when choosing a technology for strengthening a specific part is the choice
of materials and coatings of tribo-bonded pairs, which determine the nature and nature of the for-
mation of wear-resistant structures. To solve the tasks, a comprehensive approach is required, taking
into account the influence of all significant factors. These factors should take into account both the
technological components for the flow of proven strengthening technologies, and the predicted results
of structure formation and the selection of optimal materials for the part and coatings.

Analysis of recent research and publications

In modern automotive industry, a huge amount of experience has been accumulated in the use
of modern materials and coatings, which is the result of the introduction of the latest technologies into
the technological chains of production. Recently, the use of combined technologies has been observed
to strengthen the surface layer of parts operated in extremely harsh conditions [1—3]. For a number of
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reasons (technological, safety, economic, strength), in automotive production, the replacement of the
material of most component parts is observed. Replacing the material of the part also prompts the corre-
sponding technology for strengthening the surface layer. Using the example of replacing SO0XX®DA steel
with 18 X2N4MA steel, from which piston rings of internal combustion engines were made, it is possi-
ble to determine certain differences and similarities of some components, namely: — both are highly
alloyed, well suited to nitriding, cementation, boriding, and laser processing technologies under certain
conditions. The differences include chemical composition, physical and strength characteristics.
The main characteristics of steel 18X2N4MA are givenintabl. 1, 2, 3,4,5, 6, 7.

Table 1. Material characteristics 18X2N4MA

Brand 18X2H4MA
Substitute 15X2I'H2TPA, 20X2H4A

Classification Alloyed structural steel

Addition Chromium-nickel-molybdenum steel

In the case of cemented and improved condition, it is used for important parts
Using that require high strepgth,_toug_hness and wear resistance, as well as for parts

that are exposed to high vibration and dynamic loads. The steel can be used at
temperatures from —70 to +450 °C.

Table 2. Chemical composition in % of material 18 X2N4MA

C Si Mn Ni S P Cr Mo Ti Cu
0.14 017 | 0.25 4 710 1.35 0.3 710
02 | -037 | -055| -44 |"© 0025 | 5025 | 165 | -04 | 006 |2 O3

Table 3. The temperature of the critical points of the material 18X2N4MA

Ac1=700, Acs(Acm) =810,  Ars(Arcm) =400, Arp =350, Mn = 336

Table 4. Technological properties of the material 18 X2N4MA

Weldability: difficult to weld
Flocking sensitivity sensitive.
Contribution to temper brittleness does not contribute.

Table 5. Mechanical properties at T=20°C of the material 18X2N4MA

Assortment Size o oT S5 \ KCU Thermoforming
- MM MIla MIla | % | % | xDj/m? -
Rod 015 1130 835 12 | 50 980 Hardening and tempering

Hardness of 18 X2N4MA after annealing HB 101 =269 MPa
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Table 6. Physical properties of the material
T E10°° 0 106 A p C R 10°
Degree MPa 1Tpan V/(m-deg) kg/m° Dj/(xg-deg) Oom-m
20 2 7950
100 1.65 11.7 36 7930
200 1.41 12.2 36 7900
300 12.7 35 7860
400 1.39 13.1 35 7830
500 135 34 7800
600 13.9 33 7760
700 32
800 30
Table 7. Foreign analogues of the material 18X2H4MA
Germany Japan England Spain Bulgaria | Poland Czech_ Austria
Republic
DIN,WNr JIS BS UNE BDS PN CSN ONORM
1.6657 SNCM815|832M13835M15|4NiCrM0131|18Ch2N4MA18H2N4WA]| 16720 BOHLERM
14NiCrMo134 130
GX19NiCrMo4
X19NiCrMo4

Formulation of the study purpose

The wear rate of the ring material according to Goryacheva I.G. is proportional to the pressure

and is determined by the formula
It == Kq,
where g — the pressure; K — is the wear rate coefficient.

)

The pressure at a given time is given as a series of ascents. Then the expression for the contact

pressure distribution has the form

— V0 2 .
q'(6,t") = X5=1B U, (@)exp(—A5t"); 2
zsinLTn
2cosLinsinLin Lt 3A1-)cos?LimsinLim | (314)sin2Linm
B, = S LansSinban 12++(1)_1_ 1 (811 +1' ©)
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Un(8) = cosALTH + L2107 (8)
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= K;i]t; q'6,t) = q(eE,z)TS’ ©)
Ile 8 — angular coordinate (for piston ring lock 8 = +m); E—modulus of elasticity of the ring; t —
current time; r — radius of curvature of the ring; g — pressure.
Presenting main material

18X2H4MAhigh-quality nitrided steel, heat-resistant, relaxation-resistant. This is a reliable
and load-resistant material, which contains up to 2 % chromium, and the content of molybdenum and
aluminum in it is no more than 1 %. Such steel is resistant to wear and fatigue, it is easy to cut (while
the surface is without defects), when hardened it is practically not deformed. The heat resistance of
this steel is up to 450 degrees.

In the cemented and improved condition it is used for critical parts that require high strength,
toughness and wear resistance, as well as for parts subject to high vibration and dynamic loads. The
steel can be used at temperatures from —70 to +450 °C.

In the cemented and improved condition it is used for critical parts that require high strength,
toughness and wear resistance, as well as for parts subject to high vibration and dynamic loads. The
steel can be used at temperatures from —70 to +450 °C. A combined technology for strengthening the
surface layer of piston rings was first tested on 50XFA steel. The technological process of strengthen-
ing consists of two consecutive stages: nitriding in well furnaces at a temperature of 650°C in an envi-
ronment of nitrogen-containing substances with a holding time of 96 hours and subsequent pulsed
laser processing on the GOOS1001 device[3—7]. Samples in the form of washers with a diameter of
30 mm and a thickness of 5 mm were prepared for testing.

The prepared samples were placed in open containers in the chamber of the nitriding furnace
at a temperature of 650°C. Then, nitrogen-containing gas was supplied under pressure for 96 hours.

The next stage of combined processing is pulsed laser radiation on the GOOS1001 device at
the following modes (accumulation energy 15 kJ, distance to the target — 290 mm, laser spot diameter
11 mm, interval between shots 3 minutes). Fig. 1,2 show a scheme for preparing samples of
18X2N4MA steel for tribological tests.

To fully perceive the dynamics of the hardening processes using the combined technology,
half of the sample was subjected to laser processing with overlapping zones of influence without melt-
ing the surface layer. The geometric parameters of the samples with the combined hardening technol-
ogy did not change.

At the same time, as a result of laser processing, the surface roughness parameters changed —
the microrelief after melting changed. The tops of microroughness after melting with a laser beam
were smoothed.

As a result of technological operations of strengthening by combined technology, the surface
layer of the part made of 18X2N4MA steel acquired certain changes in the microstructure from the
surface to the center of the matrix material.

The multicomponent content of alloying elements provoked the formation of complex forms
of carbonitrides and nitrides in the predominantly martensitic matrix of the surface, which has high
indicators of strength, hardness (Huso=11000 MPa) and wear resistance.

ey

Fig. 1. Scheme of preparation of samples of 18X2H4MA steel for tribological tests
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Fig.2. Scheme of preparation of samples of 18Kh2N4MA steel for laser
processing L@ = 11mmE=15 KDj; L»=290 mm

Conclusions
A technology for combined processing of high-alloy steel 18 X2N4MA has been developed
based on medium-temperature nitriding in an annotation furnace at a temperature of 650°C with a
holding time of 96 hours and subsequent laser processing on a GOOS1001 laser device with an accu-
mulation energy of 15 kJ, a distance to the target of 290 mm, a laser spot diameter of 11 mm and an
interval between shots of 3 minutes.
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