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WEAR RESISTANCE OF CONTACT OF TITANIUM ALLOYS
WITH COMPOSITE MATERIALS DEPENDING ON THE
TECHNOLOGY OF THEIR MANUFACTURING UNDER

CONDITIONS OF NOMINALLY FIXED CONTACT

Titanium alloys as well as composite materials (carbon fiber and fiberglass) have
recently been widely used in modern aircraft. Contact of titanium materials with
polymer power composite materials under vibration loading conditions is
accompanied by damage to both titanium and composite materials. The paper
presents the effect on the wear resistance of contacting materials depending on the
method of their manufacture and the composition of the composite material. It was
determined that the wear resistance of fiberglass is 1.7-1.8 times lower than that of
carbon fiber. It was determined that the total wear resistance of the Ti-CFRP
contact increased by 10 % when forming the fabric in different directions compared
to unidirectional forming. It was also determined that the wear resistance of the
Ti5SAISVSMolCriFe alloy increased by up to 20 % compared to the Ti6Al4V alloy
when tested with composite materials.

Key words: titanium alloys, conditionally fixed contact, wear, carbon fiber CFRP,
fiberglass GFRP, damage, analysis, fretting resistance.

Introduction. Titanium alloys, along with high-strength structural composite
materials, are widely used in modern aircraft. The contact of titanium alloys with
composite materials is increasingly common in aircraft and aircraft engines. Under
vibration conditions, nominally fixed joints will certainly be damaged, which affects
the durability of parts and their resource. Especially given the low anti-friction
properties of titanium alloys and the strength properties of reinforced fibers of
composite materials.

Given that the technology for manufacturing aircraft power parts from composite
materials has some differences, there is a need to compare the wear resistance of
titanium alloys depending on the technology for manufacturing parts from composite
materials.

There are many methods for manufacturing parts from composite materials [1],
which can be divided into several categories, depending on their type, desired shape
and required properties of the finished product. The main methods include: contact
molding, winding, vacuum diffusion, pultrusion, molding from prepregs and premixes,
pressing, autoclave molding, magnetic pulse molding, injection molding, etc. For the
manufacture of parts in the aviation industry, certain methods are used, which can be
divided into 2 groups:

1. For the manufacture of aircraft structural elements, where the formation of
fibers should be in the direction of application of the main forces during the operation
of aircraft. Such methods include: winding and pultrusion. A feature of the methods is
the formation of 70-90% of the fibers in one main direction of application of forces
(Fig. 1a). Most of the fibers perceive the main operational load, which allows you to
obtain strong and light structural elements. For example, a spar and an aircraft wing
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panel where the main type of load is tension and compression in the longitudinal
direction.

2. Manufacturing of aircraft power structures that are capable of taking loads in
different (50/50) or approximately equal (60/40) directions. Such methods in aviation
include: autoclave molding, molding from prepregs and premixes, contact molding.
The fibers of composite materials are arranged randomly in different directions or
predominantly in different directions, and the structure in such materials is equilateral
(Fig. 1b). For example, fuselage skin, hatches and panels of the aircraft power frame
[2, 3].
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Fig. 1. Manufacturing technology from composite materials by forming fibers in one
direction (a) and the structure of the part when forming fibers in different directions (b).

Therefore, given that the power parts of aircraft made of composite materials that
come into contact with titanium alloys have different fiber arrangement structures, it is
necessary to conduct research in the conditionally fixed contact of the main structural
titanium alloys with different structures of composite materials. Given that parts of
composite materials made of fiberglass in modern aircraft are mainly made for hatches
and panels inside the aircraft, we will also take a sample of composite materials made
of fiberglass with an equilateral structure.

The purpose of the study consists in determining the impact of damage caused
by contact of titanium alloys with composite materials (carbon fiber and fiberglass)
depending on the manufacturing technology of composite materials under vibration
loads

Testing procedure. For studies on the wear resistance of titanium alloys with
composite materials, the following variants of combinations of friction pair contacts
were determined:

1. Titanium alloy Ti5AI5V5Mo0l1CrlFe with CFRP with ED-20 binder
(predominantly one-sided direction of fiber formation);

2. Titanium alloy Ti5AI5V5Mo1CrlFe with CFRP with ED-20 binder (carbon 3K
plaine fabric);

3. Titanium alloy Ti5AI5V5Mo1CrlFe with GFRP with EDT-69N binder (T-10-
14 fabric);

4. Titanium alloy Ti6Al4V with CFRP with ED-20 binder (predominantly one-
sided direction of fiber formation);

5. Titanium alloy Ti6Al4V with CFRP with ED-20 binder (carbon 3K plaine
fabric);

6. Titanium alloy Ti6Al4V with GFRP with EDT-69N binder (fabric T-10-14).
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The contact options of titanium alloys and composite materials cover more than
80 % of the contact combination options in the power structure elements of modern
aircraft.

The tests were carried out according to the methodology presented in the work
[4]. The samples were made of titanium alloys Ti6Al4V and Ti5AI5V5MolCrlFe
with a diameter of 20 mm without surface treatment. The countersample was a metal
sample on which the corresponding composite material was glued and processed on a
lathe and grinding machine. The composite material with a one-sided direction was
taken from a fragment of a defective aircraft wing panel, which was presented by the
enterprise  "Constanta Airlines" for research according to the contract No
2025/101/UA between the University and "Constanta Airlines”. The contact occurred
on a surface with a nominal contact area of 1 cm®.

The tests were performed with a constant load of 6 MPa and a sample
displacement amplitude of 125 pum. The test base was 300 thousand cycles. The
oscillation frequency was 30 Hz and the test temperature was 16-20 °C. Wear
resistance studies were performed without lubricant in air. The samples before and
after the tests were wiped with Antisilicone liquid and dried. The linear wear of the
stationary sample was measured with an optimeter by taking values from 8 equilateral
sections. The wear of the counter sample was determined by the difference in size
before and after the tests. There were at least three experiments for each column of the
histogram.

Analysis of wear resistance of titanium alloys with composite materials under
conditions of nominally stationary contact. The test results are presented in Fig. 2.
Analyzing the wear resistance of titanium alloys with composite materials with
different structures of reinforcing fibers, it can be concluded that the one-sided fiber
direction shows lower wear resistance characteristics than the equilateral one. The
decrease in wear resistance of materials with one-sided fiber arrangement reaches up
to 20 % when comparing the test results with fabric. The effect does not depend on the
counterbody and with the titanium alloy TiSAISV5MolCrlFe the decrease in wear
resistance of composite materials occurs by 19 %, and when tested with the titanium
alloy Ti6Al4V by 12 %.
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Fig. 2. Wear resistance of different variants of contact of titanium alloys with composite
materials with different structures of arrangement of reinforcing fibers during studies in
nominally fixed contact.
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The decrease in wear resistance may be associated with easier destruction of the
one-sided CFRP structure with Carbon 3K plaine fabric during the vibration
(reversible) action of the titanium sample on the surface of the composite material.
Epoxy resin, possibly, impregnates the fabric woven in the equilateral direction better
than in the one-sided one due to the larger voids that the epoxy matrix fills during
autoclave molding of the surface of the part. During one-sided molding, the fibers of
the composite material fit more tightly to each other, which may make it difficult for
the binder to penetrate between such fibers and prevent their better connection (Fig.
3). During the vibration action of the titanium alloy, due to the adhesion and
compaction of titanium on the surface of the fibers of the composite material, their
destruction occurs during the process of reversible movements and crumbling and, as
a result, increased wear compared to the equilateral arrangement of woven carbon
fibers.

Fig. 3. Structure of composite materials formed by forming fibers in one direction (a) and
in different directions (b).

The wear resistance of GFRP with T-10-14 fabric shows results of lower wear
resistance than carbon fiber. Moreover, the wear resistance is lower with different
variants of titanium alloy contact. The reduction in wear of fiberglass reaches 1.7-1.8
times compared to the wear resistance of carbon fiber in studies with Carbon 3K
plaine fabric, which is explained by the abrasive action of glass particles in the friction
zone that are formed during the destruction of the fabric under conditions of vibration
loading and reversible movements of the samples. Fig. 4 presents photographs of the
surfaces of composite materials after testing with titanium alloy Ti6Al4V. Analysis of
the photos shows that the friction surface is covered with a layer of titanium oxide that
is formed during the friction process.

When analyzing the total wear of the contact of a titanium alloy of the same type
(Ti5AI5V5Mo1CriFe or Ti6Al4V) with carbon fiber of different types of fabric
directions, the difference in wear resistance is insignificant and lies within 10 %. A
slight increase in the wear resistance of the total wear of the contact pair shows us that
when forming the direction of fibers for the manufacture of aircraft parts, more
attention should be paid to other methods of increasing the wear resistance of the
friction pair than to the formation of a certain fiber structure in the contact zone.
However, it can be proposed as a technological approach to form or glue the contact
points of composite materials with a titanium alloy with a fabric with an equilateral
arrangement of carbon fibers, which increases the total wear resistance of the joints by
up to 10 %.
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Fig. 4. Topographies of friction surfaces of CFRP composite materials with one-sided
formation of carbon fibers (a) and GFRP (b) after testing with titanium alloy Ti6AI4V.

When comparing wear between titanium alloys Ti6Al4V  and
Ti5AI5V5Mo0lCrlFe, one can clearly note increased wear resistance, up to 20 % of
the Ti5AI5V5Mo1CrlFe alloy.

First, the increased wear resistance can be explained by the presence of larger
alloying elements in the titanium alloy. The table of chemical composition of titanium
alloys is presented in Table. 1. For example, such alloying elements as Mo, Cr, Fe are
not present at all in the titanium alloy Ti6Al4V. The content of 5 % molybdenum,
which is famous for its wear resistance [5-9], significantly increases the tribotechnical
properties of any alloy and titanium alloy is no exception. Well, the increased content
of vanadium and chromium also significantly affects the wear resistance of the
titanium alloy Ti5AI5V5Mol1CrlFe.

Table 1.
Chemical composition of the studied titanium alloys
Titanium Content of chemical elements, %
alloy Ti Al \% Mo | Cr Fe zr Si 0 C N H

TISAISVS | ainder | 4,74 | 504 | 557 | 081 | 098 | 030 | 015 | 018 | 0,10 | 005 | 0,015
MolCrlFe

Ti6Al4V | remainder | 6,46 | 3,84 - - 0,08 | 002 | 0,00 | 0,17 | 0,01 - -

Thus, the increased tribotechnical properties of molybdenum are shown in works
[6, 7]. The authors of [6] propose to use molybdenum for the restoration of rails of
aircraft wing mechanization made of titanium alloy VT-22. In works [8, 9] the authors
propose to use molybdenum coatings for cutting materials. In work [7] the author,
having investigated spherical bearings, proposes to protect surfaces made of titanium
alloy with vacuum-arc molybdenum coating, which allows to increase the wear
resistance of friction surfaces by 20 %, while replacing the base material from
X105CrMo17 with titanium alloy VT-22.

All these authors [6-8] note the ability of molybdenum to absorb internal energy
and, as a consequence, reduce the dynamic load on surfaces that occurs during
friction. Molybdenum in the process of friction under fretting corrosion conditions has
high microplasticity, which affects the level of the amplitude-dependent area of
internal friction. The low binding energy of impurity atoms with dislocations, the low
threshold voltage for the start of operation of dislocation sources leads to the rapid
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multiplication of easily mobile dislocations under the action of cyclic loads. The
mechanisms of hysteretic and microplastic internal friction provide the dissipation of
the supplied mechanical energy with its conversion into heat, and are a mechanism for
dislocation stress relaxation, i.e. a factor that reduces the dynamic tension of friction
surfaces. Against the background of the action of diffusion mechanisms of relaxation
internal friction and the development of strengthening due to dynamic strain aging,
molybdenum exhibits high dislocation relaxation ability in a wide range of amplitudes
of mutual displacement under alternating friction [7].

The increased wear resistance of the Ti5AI5V5MolCrlFe alloy compared to the
Ti6Al4V alloy is noted in [10]. The authors explain this by the chemical activity of
these two alloys. The Ti6AI4V alloy with a finely dispersed structure, which is
obtained during the pressing process under conditions of reduced temperatures in the
range of 800-550 °C, exhibits lower corrosion resistance during free corrosion in a
sulfuric acid environment compared to the Ti5AI5V5Mo1Crl1Fe alloy.

In [11], when studying the fretting resistance of titanium alloys under vibration
conditions, the author established that the wear resistance of titanium alloys decreases
when moving from low-strength titanium alloys to high-plastic and high-strength
alloys. It was also determined that, along with the mechanical factor that determines
the intensity of the development of fretting-corrosion fatigue processes, there is a
competing chemical factor, the effect of which is associated with the destruction of
friction surfaces under conditions of oxidative (corrosion) processes.

Analyzing the wear resistance of titanium alloys Ti5AI5V5Mol1CrlFe and
Ti6Al4V, it can be stated that the titanium alloy Ti5AI5V5MolCrlFe has high
corrosion resistance (due to alloying elements) on the one hand and increased strength
characteristics (due to the finely dispersed structure due to low-temperature annealing)
on the other hand, which in total gives increased wear resistance of 20 %. The wear
resistance of titanium alloys is very strongly influenced by their heat treatment.
Depending on whether it is a deformed titanium alloy or simply obtained by casting,
the wear resistance can vary by up to 1.4 times, provided that the titanium alloy has
enough alloying elements to change its physical and mechanical properties.

Thus, according to the author [12], the wear resistance of the titanium alloy
Ti5AI5V5Mo1CrlFe can vary depending on the conditions of thermal exposure and
annealing at different temperatures. The value of the surface microhardness HV can
vary from 4.5 to 7.1 GPa, and the endurance limit o5 from 1.2 to 1.7 GPa, which gives
a difference in the wear resistance of the titanium alloy Ti5AI5V5Mol1CrlFe up to 50
% when the titanium alloy is studied in combination with a steel sample.

Conclusions. The increased wear resistance of composite materials compared to
titanium alloys shows that the main attention in increasing the reliability and durability
of the contact of aircraft parts in a conditionally fixed contact should be paid to
titanium alloys, since their wear resistance is several times lower than the wear
resistance of CFRP and GFRP due to their physical and mechanical characteristics.
Uniform damage to parts made of polymer composite materials reinforced with carbon
and glass fibers and another mechanism of their wear [7, 13, 14], due to epoxy
binders, gives reason to believe that the main attention in increasing the wear
resistance of the contact should be paid to titanium. In addition, titanium alloys easily
change their surface properties under the influence of various technological factors.
The change in the properties of the surface layer can reach 1000 times, which certainly
affects the wear resistance and, as a consequence, the destruction processes of the Ti-



34 ISSN 03702197  [pobnemu mepms ma 3HowysaHHsA, 2025, 3 (108)

CFRP contact in aircraft under vibration conditions. Which can both increase the
durability of the contact as a whole and lead to even greater destruction of the surfaces

of the parts.
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A.M. XIMKO, 0.0. MIKOCAHYUK, M.C. XIMKO, O. ®IJ/IOHEHKO

3HOCOCTIMKICTh TUTAHOBUX CILTABIB I3 KOMITIO3UTHUMHA
MATEPIAJIAMMU B 3AJIE2KHOCTI BIJI TEXHOJIOI'IL IX
BUI'OTOBJIEHHA B YMOBHO HEPYXOMOMY KOHTAKTI

TuraHoBl crulaBM Ta KOMIIO3WTHI Martepiaiy (ByrJeleBe BOJOKHO Ta CKIJIOBOJIOKHO)
OCTaHHIM Y4acOM IIMPOKO BHKOPHUCTOBYIOTHCSI B Cy4acHMX JTakax Ta rejikonrepax. KoHTtakr
TUTQHOBUX MaTepialiB 3 MOJIMEPHHMHU CWJIOBHMH KOMIIO3UTHHMH MaTepiajJaMd B yMOBax
BiOpalifHOr0O HAaBaHTAXCHHS CYNPOBOJDKYETHCS TIOIIKO/DKEHHSM SIK TUTaHy, Tak 1
KOMITO3UTHHX MarepialliB. Y CTaTTi NMPEJCTaBJICHO BIUIMB Ha 3HOCOCTIMKICTh KOHTAKTYIOUHX
MaTepialliB 3aJeKHO BiJ CIOCOOYy IX BHTOTOBJICHHS Ta CKJIAQAY KOMIIO3UTHOTO Marepiany.
BceranoBneHo, IO IpM KOHTAKTI THTAHOBHX CIUIABIB 13 IOJIMEPHUMH KOMIIO3HIIHUMHU
MaTepialaMi 3HOCOCTIHKICTh THTAHOBHX CIUIABIB HIDKYE B 3-6 pa3iB HIK BYTJICIDIACTHKIB Ta
CKJIOIUIACTHKIB B YMOBax BiOpamifHUX HaBaHTa)XCHb Ta MiKPOIIEPEMIIICHb, IO TOSCHIOETHCS
cnenn()iYHUMH BIIACTHBOCTSAMH THUTAHOBHUX CIUIaBiB B KOHTakTi i3 Matepianamu GFRP Tta
CFRP.

BusHayeHo, 1110 3HOCOCTIHKICTh CKIOBOJIOKHA B 1,7-1,8 pa3su HMKYa, HIK y BYTJICLIEBOTO
BOJIOKHA TMPH BUIIPOOYBAHHSAX i3 THTAHOBMMH CIUIaBaMH IPH BiOpaIlifHMX HaBaHTaKCHHSIX.
BcranoBieHo, mio 3araneHa 3HOCOCTiHKICTh KOHTakTy Ti-CFRP 30inbmyerscs Ha 10 % npu
(¢opMyBaHHI TKaHWHM KOMIIO3ULIHHOTO Marepially B pI3HMX HalpsMKax THOPIBHSHO 3
onHoCTIpsiMOBaHUM (opmyBaHHSIM. Takoxx OyJ0 BCTaHOBJEHO, IO 3HOCOCTIMKICTH CIUIABY
Ti5AI5V5MolCrlFe 6inpmre o 20 % mopiBHsHO 31 crmaBoM Ti6Al4V npu BunpoOyBaHHSX 3
KOMIIO3UTHAMH MatepiajaMy, IO IOSCHIOETHCS MiABUIICHUM BMICTOM JIETYIOUMX CJICMCHTIB
Ta SIK HACHTIIOK (Pi3HMKO-MEXaHIYHUX XapPAKTSPUCTHUK.

KnarouoBi cjoBa: THUTaHOBI CIUTaBH, YMOBHO HEPYXOMHH KOHTAKT, 3HOC, BYIJIELICBE
BonokHo CFRP, ckioBonokro GFRP, nomkomxeHHs, aHai3, 3HOCOCTIHKICTD 0 QPETHHTY .
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