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ANALYSIS OF DAMAGE TO AIRCRAFT PARTS MADE OF
TITANIUM ALLOYS AND INCREASE OF THEIR WEAR
RESISTANCE BY GAS-THERMAL COATINGS

The damage analysis of aircraft parts made of titanium alloys is carried out. Damage
resulting from cyclic loads in the form of wear is shown. Gas-thermal coatings based
on nickel for protection and restoration of parts made of titanium alloys are
analyzed. The results on fretting resistance of some coatings that were applied by
plasma method are carried out. It is established that the most fretting-resistant are
coatings based on BK, as well as a molybdenum coating. It is theoretically
determined that with an increase in temperature in the friction zone, the logarithmic
decrement of the molybdenum coating increases more than that of nickel-based
coatings. It is established that due to the high hardness of the BK type coating, it is
possible to protect titanium parts of high rigidity, where the main operational factor
is friction. In cases where wear of parts is combined with other loads such as
bending, torsion, stretching, the optimal choice will be a molybdenum coating on
parts made of titanium alloys.

Key words: titanium alloys, fretting corrosion, wear, coatings, plasma method, damage,
analysis, fretting resistance.

Introduction. Titanium alloys are increasingly used in modern mechanical
engineering and aircraft construction. High corrosion resistance, corrosion-mechanical
strength, erosion-cavitation resistance, specific strength, non-cold brittleness, non-
magnetic and a number of other physical and mechanical characteristics allow
titanium alloys to be considered as materials that combine the properties of various
materials. This makes it possible to manufacture units and mechanisms from mutually
weldable titanium alloys of one or two grades, where the operating conditions require
the use of a number of different materials, often non-weldable or incompatible, for
example, due to contact corrosion [1, 2].

The aviation industry uses titanium alloys due to their: specific strength, heat
resistance, corrosion resistance, etc. Titanium alloys are used to manufacture: skins of
supersonic aircraft; power parts of aircraft and helicopters - engine bodies, pipelines,
chassis units, spars, wings, wing mechanization monorails, couplings, etc.; many
fasteners - rivets, bolts, screws, nuts, etc.; a number of gas turbine engine parts - disks,
air compressor blades, compressor rotor [3]. For almost all of these parts, vibration is
an accompanying factor of normal operation, and fretting corrosion [4] is one of the
main damages that determines their performance - resource. In general, it can be noted
that fretting wear affects parts that operate in a variety of conditions of vibration-
contact loading. First of all, this is a diverse range of contacting loads and the
possibility of relative vibration displacements between the articulated surfaces. The
development of physical and chemical processes in the contact zone, and therefore the
nature and intensity of wear, mainly depend on these factors.

Fig. 1 shows aircraft parts made of titanium alloys damaged by fretting corrosion
as a result of operation. The pattern of fretting corrosion development is influenced by
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a number of factors — amplitude of movement, specific load, oscillation frequency,
contact shape of mating parts, etc. [4]. Changes in these factors lead to a change in the
processes at the friction contact, which is manifested in the nature of surface damage.
Knowledge of the role of various factors, availability of data on the nature of the
processes depending on the mechanochemical materials will allow a scientifically
sound choice of the material of the mating surfaces for restoring parts, and will also
bring some clarity to the methodology for choosing means of combating fretting
corrosion.

e

Fig. 1. Parts made of titanium alloys damaged by fretting corrosion during operation:

a — front landing gear rod of the aircraft made of VT-22 alloy; b — landing gear lock grip made

of VT-22 alloy; ¢ — damage topography of the landing gear lock grip; d — damage to the rail of

the flaps retraction mechanism of the An-72 aircraft; e, f — damage to the compressor blade of
the CFM-56 gas turbine engine.

Application of protective wear-resistant coatings is one of the most effective
means of combating fretting wear. At present, thermal spray coatings are widely used
in almost all branches of mechanical engineering, production of building structures,
energy, engine building, aerospace, and other branches of new technology. With the
help of coatings, it is possible to solve many problems: increasing weather resistance,
operational durability, adhesion strength of the coating to the base, heat resistance,
erosion resistance, protective properties and chemical resistance to ensure a calendar
resource [5].

One of the actively developing areas is the plasma spraying method [6, 7].
Possessing high spraying productivity, this technological method allows applying
coatings with a wide range of characteristics, as well as using them to restore the
dimensions of worn parts.

The purpose of the study is analyzing the wear resistance of thermal spray
coatings under fretting corrosion conditions and to select the optimal coating for the
restoration of titanium alloy parts.

Testing procedure. The tests were conducted on a vibration-simulating setup
using a plane-to-plane contact scheme.
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Cylindrical rollers 20 mm made of VT-22 (a+b system type Ti-Al-Mo-V-Fe-Cr)
titanium alloy was used as samples for spraying thermal spray coatings. The counter-
sample in all tests was made of 95X18III steel with a hardness of HRC 45-50 units.
The test samples were mated along the surface, which was a closed ring with a
nominal contact area of 0.5 cm? an internal diameter of 11 mm, and an external
diameter of 13.6 mm.

The coatings were applied on a UPU-3D plasma unit. Before application, the
surface was preparatorily processed: grinding and sanding. The thickness of the
applied coatings was 600 um, followed by mechanical processing to a value of
500 pm, including the sublayer. The studies of the change in linear wear and wear
intensity of coatings were conducted in air under friction without lubricant. No
preliminary running-in of samples was performed. In order to increase the accuracy
and reliability of the study results, the number of tested samples was at least three per
point. The study of fretting resistance was conducted on gas-thermal coatings and VT-
22 alloy. The test conditions were as follows: the amplitude of mutual displacement of
samples was 175 um, specific load was 20 MPa, cyclic frequency was 30 Hz, the bulk
temperature of samples at the beginning of the experiment was 20 °C, the test base was
500 thousand cycles, the environment was air.

Analysis of wear resistance of thermal spray coatings under fretting
corrosion conditions. The test results are presented in Fig. 2. As can be seen from the
graphs, all plasma thermal spray coatings are 2 to 6 times more fretting resistant than
titanium alloy VT-22. The coating IIC12HBK-01 is less wear-resistant among plasma
coatings. The high wear of this coating is due to the fact that it contains 35% tungsten
carbide. During friction, high-hardness oxides are formed, which act as an abrasive
material. The lowest wear was shown by molybdenum and BK20 coatings. The high
fretting resistance of the BK20 coating is due to its high hardness (about 14 GPa).
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Fig. 2 Wear resistance of plasma gas-thermal coatings and titanium alloy VT-22 during testing
under fretting corrosion conditions.

However, this property of the coating imposes certain requirements on its use for
restoring parts made of titanium alloys. These parts are subject to various types of
loading during operation. Most parts, in addition to wear, also work on bending,
twisting, stretching, etc. Spraying such a hard coating on a relatively soft base of
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titanium alloys can lead to its chipping and cracking. In addition, it is necessary to
adequately select the mating material.

The sufficiently high wear resistance of the plasma coating of molybdenum can
be explained by the fact that finely dispersed oxides are formed during friction, which
act as a solid lubricant (fig. 3a). This is confirmed by the established friction
coefficient, which is minimal during friction of the molybdenum coating and
corresponds to 0.31. Also, the high wear resistance of molybdenum can be explained
by the fact that with an increase in temperature in the friction zone from 20 to 170 °C,
the logarithmic decrement [8] (damping capacity) of the molybdenum alloy increases
more than that of other nickel-based coatings [9]. These data are repeatedly confirmed
by the results of long-term studies [9, 10]. In addition to high wear resistance, the
molybdenum coating has an elastic modulus closest to titanium alloys, which will
clearly have a positive effect under cyclic and bending loads.

» o . 2.0 o0 > ' = A
Fig. 3. Topography of friction tracks of gas-thermal coatings of molybdenum (a) and
titanium alloy VT-22 (b), after fretting corrosion tests.

During friction of the titanium alloy on the counter sample, there was a constant
transfer of titanium to the 95X18III steel, which explains the high wear, and the
friction actually occurred of titanium on titanium, due to its specific properties [1, 11].
In the initial period of testing, after a small number of cycles, the friction coefficient
increases significantly. However, with a further increase in the duration of tests, the
friction coefficient drops sharply. The initial growth stage can be in the range from a
dozen oscillation cycles to several thousand cycles. The ambiguity of the change in the
friction coefficient already at the early stages of fretting corrosion indicates that when
the load-amplitude parameters of friction change, the leading processes of contact
interaction change, the nature of which remains insufficiently clear.

Conclusions. Thus, based on the conducted research, it can be concluded that the
most recommended coating for restoring worn areas of titanium alloy parts is
molybdenum coating. It showed some of the most acceptable results in fretting
resistance. Also, the least wear is shown by materials of the BK series, due to high
hardness and, as a consequence, wear resistance. However, on titanium parts, they
should be used sparingly or subsequent processing by high-temperature methods
should be used.
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AM. XIMKO, O0.0. MIKOCAHYUK, P.I'. MHAIJAKAHOB, C.A. BECIIAJIOB,
B.B. TOKAPYVK

AHAJII3 MOIIKO/KEHb ABIAIIIMHUX JETAJIEN 3 TATAHOBHUX CILJIABIB
TA OIJIBUIIEHHS iX 3HOCOCTIAKOCTI TA3OTEPMIYHUMHY MOKPUTTSIMU

IIpencraBneni aBiarmiifHi meTaqi 3 THUTAHOBHX CIUIABIB SKi 3a3HANM MOMIKO/HKCHHS B
mporieci eKCIuTyaTtarlii. AHalli3 MOKa3aB, II0 OJHWM i3 HAaWBIUIMBOBIMIMX (AKTOPIB SKHAN
CIOPUYMHSAE TIOMIKO/UKEHHS € BiOpamifiHi HaBaHTakeHHS. Bu3HaueHO 10 OFHEM i3
HANMOMYJLIPHIIINX METOMIB 3aXHCTy Ta BiJHOBJICHHS THTAHOBHX JETallell € ra3oTepMidHi
MOKpUTTA. BHU3HAa4eHO Ta mNpoaHaNi30BaHO 3HOCOCTIMKICTh MESKUX MOKPUTTIB, IO Oyiu
HaHeCeHi IIa3MOBHM MeToaoM. [IpoBeneHo iX BHUIpPOOYBaHHS Ha 3HOCOCTIMKICTE B yMOBax
(bpeTuHr-3HOIIYBaHHs. Pe3ynbTaTH MOpIBHIOBAJIM 3 JIITEpAaTYpHHUMH AaHUMHU. BcTaHOBIEHO,
1o HaiObI cTiikuMu 10 GpetuHry € nokpurts cepii BK, a Takoxx Monionen. BuznaueHo,
0 npu BUOOpI MOKPHUTTS NOTPIOHO BpaxoByBaTh JeKinbka (aKTopiB, a HE TIIbKU
3HOCOCTiliKicTh. lle 3anmexuTh BiA MNOMKOMKEHOI JneTani Ta yMOB 1i eKcIuryaTauii Ta
HaBaHTa)XyBaHOCTI. T€OpETHYHO BCTAHOBIICHO, 11O 3 MiIBUIICHHSM TeMIIEpaTypH B 30HI TePTs
JorapuMIiuHUil  AEKPEMEHT MOJIIONCHOBOTO TMOKPHUTTA 301IbIIYEThCS — OUIbINE, HIXK
ra30TepMidHI TIOKPUTTS Ha OCHOBI HIKENIO Ta 3aiiza. Bu3HaueHo, IO A JeTaiei ski
MPAIIOIOTh HAa BHTIH, KPYYCHHS, Ta iH. pa3oM i3 (peTHHT-3HOIIYBaHHAM Kpamie IiIXOIUTh
MOKPUTTA MOMNIONEHy, a Ui OUIhII JKOPCTKMX JeTaleld MiAXOOWTh TOKPHUTTA Ha 0Oasi
KepaMivyHUX CKJIAIOBUX — K HaHOUIBII 3HOCOCTIHKHX.

KarouoBi cjioBa: THTaHOBI CIUlaBH, (PETHHr-KOPO3is, 3HOLIYBAHHS, MOKPHTTS,
IUTa3MOBHI METOJI, TOITKOKEHHS, aHalli3, (PPETHHT-CTIHKICTB.
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