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Abstract

In this work, the technology of 30HGSA steel ion nitriding was optimized in terms of tribotechnical
characteristics — wear intensity and friction coefficient. When choosing controlled factors, the influence of all existing
groups of factors that can affect the process of ion nitriding is taken into account: structural, technological and
operational. Friction and wear tests were carried out under conditions that are as close as possible to the actual
operating conditions of aircraft parts made of 30HGSA steel. As a result of experiments on friction and wear,
tribotechnical characteristics of coatings were obtained depending on structural, technological and operational factors,
respectively, to the matrix. The conducted studies showed the presence of three clearly defined zones in the
dependences of wear intensity and friction coefficient on specific load at different sliding speeds and
technological parameters of ion nitriding: run-in zones, uniform and catastrophic wear. The nature of samples
dependences hardened by ion nitriding and heat-treated samples is similar and coincides with modern views on
the laws of friction and wear processes. Analysis of tribotechnical characteristics showed the effectiveness of ion
nitriding technology in comparison with traditional heat treatment. The optimal processing modes for the studied
steel and triboconjugation have been established.

Key words: ion nitriding, optimization, wear intensity, friction coefficient, processing modes, operational
factors.

Introduction

In the world mechanical engineering, a priority direction has developed — the technology of surface
hardening and the application of multifunctional coatings. The possibility of creating products with a unique
combination of the base material properties and the surface layer causes the growing interest of engineering
enterprises and other industries in the wider use of this potential. The use of multifunctional hardening coatings
makes it possible to repeatedly increase the durability of machines, operating temperatures and speeds, while
reducing fuel consumption and providing the possibility of intensifying many production processes [1, 2].

In the theory and practice of the use of hardening coatings, the need to optimize the technology for such
an important characteristic as the reproducibility of properties is noted [3]. The development of any
technological process (TP) is inevitably associated with the solution of optimization problems, and in the field of
creating functional coatings, optimization issues occupy a key place. This is because a large number of
application methods, combined with an extensive nomenclature of materials from which the coating is formed,
as well as many influencing factors, provide technologists with a wide range of alternative options.

Today in world practice there are more than 200 surface hardening technologies. Most of them are
alternatives. The acceptance of optimal decisions on the choice of alternative technologies at the stage of
designing new equipment, manufacturing, operation and repair should be carried out according to the criteria of
the maximum strength and durability of the hardened part achieved with minimal energy and other material
costs, as well as with minimal environmental damage [1-3].

Glow discharge chemical-thermal treatment is the most progressive and energy-saving in a wide range of
alternative technologies. lon nitriding (IN), which is traditionally used to improve wear resistance, corrosion
resistance, and endurance limit, has received the widest industrial application and rapid development [3]. The
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great technological possibilities of IN technology pose the need to solve optimization problems, taking into
account structural, technological and operational factors.

Literature review

Compared to traditional gas saturation, glow discharge treatment provides reduction in energy
consumption by an order of magnitude, and also reduces the duration of the technological cycle by an order of
magnitude. The advantages are also controllability, stability and predictability of processing results. When
hardening steels and cast irons, there are no changes in the size and shape of parts, as well as changes in surface
roughness. Nitriding in a glow discharge is the finishing operation. This eliminates the need for final mechanical
processing. All these characteristics confidently place IN technology as an alternative to classical carburizing
followed by hardening [4].

In world practice, IN uses ammonia as a working gas. This creates environmental problems as well as
explosive problems. However, the main disadvantage regarding the use of hydrogen-containing media is
hydrogen embrittlement of applied coatings and substrates. V.G. Kaplun and his collaborators developed the
technology and equipment for IN in hydrogen-free media [5]. This technology preserves the bulk initial strength
of the products, the process becomes absolutely environmentally friendly, the consumption of working gas is
reduced, and the design of the equipment is simplified by eliminating dissociators that are very difficult to
operate. At the same time, the surface layer has greater plasticity, which is especially important for gear parts
and parts operating under shock loads.

During the period of reconstruction and renewal of equipment technological park for applying protective
coatings, it is the IN technology that is in especially high demand. In the practice of aircraft engine building,
traditional carburizing and nitrocarburizing have been switched to IN of gear wheels. This process reduces the
complexity of manufacturing by 1.5-2 times, because parts are processed at a low hardness of the material and
are sent for hardening in the finished form. IN technology is mainly used to improve wear resistance. This also
increases the corrosion resistance and endurance limit [6].

In this regard, it is extremely important to search for optimal conditions for the implementation of IN
technology for individual indicators that can affect the process: structural, technological and operational.

Purpose

The aim of the work is to search for optimal solutions and establishing a connection between the
technological regimes of IN and the tribotechnical characteristics of the studied material.

Research Methodology

When choosing material for research, we proceeded from the following considerations. An analysis of
statistical data shows that of all parts of the airframe and power plant rejected during the overhaul of the aircraft,
approximately 45% are products made of steels of various grades. Of this amount, the largest percentage of
rejection falls on parts made of 30HGSA steel — 30%, and about 50% of them cannot be restored [3]. That is why
the optimization of the IN technology was carried out on steel 30HGSA, the chemical composition of which is
presented in Table 1.

Table 1
The chemical composition of steel 30HGSA, % [7]
C Si Mn Ni Cr S P Cu
028-034 | 09-0.12 08-11 <03 08-11 <0.025 <0.025 <03

Using peer review methods and a series of screening experiments, we obtained an average a priori ranked
number of factors that affect the IN technology (Fig. 1).

Thus, a planning matrix was compiled, which included the first six technological factors (Fig. 1), as well
as operational factors: sliding speed and specific load in triboconjugations. As optimization criteria, the main
tribotechnical characteristics are taken — the wear intensity 7, and the friction coefficient .

Friction and wear tests were carried out under conditions that are as close as possible to the actual
operating conditions of aircraft parts made of 30HGSA steel: lubricant — CIATIM-201, specific load —
2.5...25 MPa; sliding speed — 0.4...1.3 m/s. The samples were subjected to heat treatment (quenching from
1143 K in oil, tempering at 823 K), as well as IN (reactive gas composition: 95% N»+5% CsHs; saturation
temperature t = 873 K; reactive gas pressure P = 100 Pa; diffusion saturation time z = 2.5 hours).

Standard tests were carried out according to the scheme: disc — block. The disc-counterbody is made of
the same steel, hardened at 1143...1163 K in oil, tempered at 783...543 K, hardness — 37...38 HRC. The surface
roughness of the block, depending on the processing modes, corresponded to Ra = 0.29...0.41 pum, and the disc-
counterbody — Ra = 0.53 pum.
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Fig. 1. A ranked row of structural, technological and operational factors: 1 — saturation temperature; 2 —

reactive gas pressure; 3 — composition of reactive gas; 4 — ion treatment time; 5 — operational load; 6 — sliding speed; 7
— coating thickness; 8 — part material; 9 — operating current of the saturation process; 10 — operating voltage of the

saturation process

Results

As a result of carrying out experiments on friction and wear, the tribotechnical characteristics of coatings

were obtained depending on structural, technological and operational factors (Fig. 2, a-f).
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Fig. 2. Dependence of wear intensity 7 (a) and friction coefficient 4 (b) of HT+IN treatment on specific load P
atsliding speed V: 1-V=04m/s; 2-V=0.7m/s; 3-V=10m/s; 4 -V =13 m/s
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Fig. 3. Dependence of wear intensity I (a) and friction coefficient 4 (b) of IN treatment on specific load P at
sliding speed V:
1-V=04m/s;2-V=0,7mls;3-V=10m/s;4-V=13m/s
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Fig. 4. Dependence of wear intensity 7 (a) and friction coefficient u (b) of HT treatment on specific load P at
sliding speed V: 1-V=0,4m/s;2-V=0,7m/s; 3-V=10m/s; 4 -V =1,3m/s

The study of the obtained dependences (Fig. 2-4) showed the leading role of preliminary heat treatment
(HT) of samples according to the mode — quenching from 1143...1163 K in oil — tempering at 783...843 K.

The analysis of the obtained results (Fig. 2-4) revealed the presence of three clearly defined zones, in the
dependences of | and x on the specific load at different sliding speeds and technological parameters of the IN:
running-in zones, uniform and catastrophic wear. The nature of the dependences of hardened by IN samples
(with and without preliminary HT) and heat-treated samples (without IN hardening) is similar. This type of
dependencies coincides with the modern, generally accepted views on the laws of friction and wear processes.

However, the dependences of | and x on the specific load P for heat-treated and hardened by IN samples
have significant differences (Fig. 5). Increased wear is observed in heat-treated samples starting at P values of
13...14 MPa order, while hardened by IN begin to wear out intensively —at 18...19 MPa.
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Fig. 5. Dependence of wear intensity I (a) and friction coefficient x4 (b) on sliding speed V at specific load P = 20
MPa and following treatment: 1 — HT; 2 IN; 3— HT+IN

Thus, there is an increase in the zone of uniform wear, which, of course, provides an extension of parts
normal operation range at increased specific loads. With the same values of specific loads P and sliding speeds,
the wear intensity | of hardened by IN samples is 1.7...2.1 in absolute values, and the friction coefficient x is 1.9
times less than heat-treated samples. This implies the effectiveness of IN in comparison with traditional heat
treatment.

Studies of the dependences of I and x on the sliding speed V established (Fig. 3) that with an increase in V
from 0.4 m/s, they gradually decrease, reaching a minimum at 0.7 m/s. With a further increase in V, these

characteristics increase. Thus, the optimal sliding speed for the studied steel in this triboconjugation is V =
0.7 m/s.

Conclusions
The conducted studies allowed us to draw the following conclusions:

1. The proposed approach to optimizing the IN technology made it possible to improve the tribotechnical
characteristics of the material, namely:
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- reduce wear by 1.7...2.1 times, reduce friction coefficient by 1.9 times at a load increased by 1.4...1.5
times and the recommended sliding speed of 0.7 m/s for steel substrates hardened by ion nitriding, compared to
surfaces that are heat treated in a classical way;

- expand the range of parts normal operation by increasing the zone of uniform wear.

2. The following optimized parameters of coating formation are recommended for use: process duration t
= 140...190 min; reactive gas pressure p = 100...115 MPa; composition of the reaction mixture N2 = 80...90% +
Ar =5...15%; saturation temperature 7'= 843...873 K.

3. The effectiveness of IN application in comparison with traditional heat treatment has been proven.
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Coaosux E.K., Illenenenko I.B., Cosoux A.E., Katepunuu C.E. OcobnuBocTi 6araTokpurepiaabHOi
OTITHMI3aIlil TEXHOJIOTIi I0HHOTO a30TyBaHHS

B po6oTi BEKOHaHO ONTHMI3amito TexXHOJOTil ioHHOTO a30TyBaHH: cTani 30XT'CA 3a TprOOTEeXHIYHUMHU
XapaKTepUCTHKAMU — IHTCHCHUBHICTIO 3HOITYBaHHS Ta KoedimieHToM TepTs. Ilpm BuOOpi kKepoBaHHX (hakTOpiB
BPaxOBaHO BIUIMB YCiX iCHYIOUHX TPYII, IKi MOXYTh BIUIMBATH HA MPOIEC IOHHOTO a30TyBaHHA. BunpoOyBaHHA
Ha TepTs Ta 3HOC MPOBEJICHI B YMOBaX, sSIKi MAKCUMaJIbHO HAaOJMKEH] IO peallbHUX eKCIUTyaTalliiHUX PEeXHMIB
Jetayieil aBialiiiHOi TexHikM. B pe3ynpraTi NpoBeJeHHsS EKCIIEPUMEHTIB Ha TepPTs Ta 3HOC OTPHMaHi
TPUOOTEXHIYHI XapaKTEPUCTUKU MOKPUTTIB 3aJIEKHO BiJl KOHCTPYKIIHHUX, TEXHOJIOTTYHUX Ta €KCIUTyaTalliiHUX
(baxTOpiB BiAMOBIHO 10 MaTpuLi. [IpoBeneHi JOCIiKEHHS T0Ka3al0 HassBHICTh TPHOX, YiTKO BUPaXXEHUX 30H Y
3aJIeKHOCTSIX IHTEHCUBHOCTI 3HOIIYBaHHS Ta KoedillieHTa TepTsl BiJ MUTOMOTO HaBaHTXXEHHS NPH Pi3HUX
MIBUAKOCTSAX KOB3aHHS Ta TEXHOJOTIYHUX IapaMeTpax IOHHOTO a30TyBaHHS: 30HM IPHUIPAIFOBAHHS,
pIBHOMIpHOTO Ta KaTacTpo(igHOTO 3HONIYBaHHS. XapakTep 3aJeKHOCTEH 3pa3KiB 3MIIHEHUX 10HHUM
a30TyBaHHAM Ta TEPMOOOPOONeHUX 3pa3kiB MOMiOHWI Ta 30iraeThCs i3 Cy4acHHMH TMOTIIOAMH Ha
3aKOHOMIPHOCTI TOIECIB TEPTS Ta 3HOIIYBaHHA. AHAN3 TPUOOTEXHIYHMX XapaKTEPHCTHK II0KA3ajIo
e(eKTHBHICTh TEXHOJOTii 10HHOTO a30TyBaHHS IOPIBHAHO i3 TpPaAWIiHHOIO TepMooOpoOKoro. BcranoeneHo
ONTUMAJBHI PEXUMH 00POOKH IS JOCTIKYBAaHUX CTaNi Ta TPHOOCIONYICHHSI.

KoatouoBi ciioBa: ioHHe a30TyBaHHS, ONTUMi3allisi, IHTEHCHBHICTh 3HOIIYBaHHS, KOE(DILIEHT TepTs,
pexuMu 00poOKH, eKCIUTyaTaliitHi (haKTopH.



