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The article is devoted to solving the scientific and technical problems of
increasing the damping capacity of structural materials, in particular,
titanium alloys, which is realized by applying plasma coatings of powder
of TTH55T45 brand on a substrate made of titanium BT14 (4Al-3Mo-1V)
alloy. The research results are presented as the relationship between the
structure of hardened plasma coatings and their damping properties. The
research stand developed by the authors is based on the method of damped
oscillations and used to determine the damping properties of studied coat-
ings. Optical and computer metallography methods are used to study the
particle-size distribution, shape, surface condition of source powders, and
microstructure of sprayed coatings, using the MMII-2P metallographic
microscope equipped with Delta Optical HDCT-20C digital camera and
Scope Image 9.0 image processing software. The phase composition is in-
vestigated using x-ray diffraction analysis (XRD) on the JPOH-3.0. Dif-
fractograms are taken from samples of 0.5 mm thick coatings separated
from the substrate. Experimental studies of damping capacity have shown
significant benefits of using samples made of BT14 with sprayed coating
in conditions of vibrations. For example, the layer with a thickness of 0.5
mm, applying the technology of ‘plasma spraying—hardening’, increases
the energy dissipation coefficient by more than 4 times; for the plate
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made of BT14, the value of the energy dissipation coefficient is
v = 1.82%, and for the same plate with coating, v = 5.6% . This effect is
explained by the fact that the main phase in the structure of the sprayed
coating is titanium nickelide NiTi. Diffraction patterns of studied coat-
ings show the predominant content of titanium mononickelide in the
structure of sprayed coatings, the peaks of which for the starting powder
are the majority (= 95%). In addition to NiTi and Ti:Ni phases, which are
characteristic to the powder, a small number of other phases are formed
on the BT14 substrate, namely, NisTi, TisNi4, Ti, but pure Ni lines, which
are characteristic to ITH55T45 powder, are absent on diffractograms tak-
en from samples detached from the substrate. As shown, applying a layer
(6 = 0.5 mm) of plasma coating of IITH55T45 powder on a plate made of
BT14 increases the energy dissipation factor by 4 times and more due to
the martensitic structure of the hardened coating as well as to the pres-
ence of NiTi. The obtained results can be used to study the stress—strain
state of aircraft and ship engine parts.

Key words: damping ability, plasma coatings, titanium alloys, titanium
nickelide, structural materials, vibrations.

CTaTTiO MPUCBAYEHO BUPIINIEHHIO HAYKOBO-TeXHIiUHOI ITpo6JieMH IIiJBUIIeHHS
IeMII(pyBaJIbHOI 3JaTHOCTH KOHCTPYKI[IMHUX MaTepissiB, 30KpeMa THUTaHO-
BHUX CTOIiB, IO pealiB0BAaHO MIJIAXOM HAHECEHHSA IJIa3MOBUX ITIOKPUTTIB i3
mopomky mapku ITH55T45 ma migrnaguary 3 BT14. PesyabTatu moci-
['KeHb IPEeACTaBJICHO SK B3a€EMO3B’ 30K 0COOJIMBOCTEHM CTPYKTYPHU 3arapro-
BaHMX IIJIA3MOBUX IIOKPUTTIB i3 JOeMI(yBaJbHUMU BJIACTUBOCTSIMU; IJISA
BUBHAYEHHS iX 3aCTOCOBAHO aBTOPCHLKUI 3pPa30K YCTAHOBKU, IPUHIIUI POOO-
TH AKOI I'PYHTYETHCA HA METOAI 3TacHUX KOJWBaHb. Il MociigKeHb I'pa-
HYJOMETPUYHOTO CKJany, (POpMU, CTaHy IIOBEPXHI BUXiMHWX TOPOIIKiB, a
TAaKOK MiKPOCTPYKTYPU HAIIOPOIIEHUX IMOKPUTTIB 3aCTOCOBAHO METOIM OII-
TUYHOI Ta KoMII'foTepHoi Meranorpadii 3 BUKopucTaHHAM MeTajaorpadgpiduo-
ro mikpockoma MMP-2P, ykominiekToBaHoro mudppoBo Kamepoio Delta
Optical HDCT-20C i nporpamuuM 3abesledyeHHAM IJd 00pOOKU 300parkeHb
Scope Image 9.0. ®asoBuit cKIag AOCTiIKEHO 3a TOIOMOI'0I0 PEHTIEHOCTPY-
KrypHoi anaxisu (PCA) ma ycranosii [[POH-3 y BumpominenHi MoJsibmeHy.
3itoMKy AudpaKTorpaM 3AificHeHO 3i 3pasKiB MOKpuTTiB ToBIuHOH y 0,5
MM, BimoxpemusieHuX Bing nmigxkiaammuxku. HaBemena mu@paxitilina KapTuHA
IIOKAa3ye B CTPYKTYPi HAIIOPOIIEHUX IIOKPUTTIB IIepeBa’KHUUA BMICT MOHOHI-
KeJily TUTaHy, MiKM SKOTO IJISI BUXiTHOTO IIOPOIIKY CKJIAZATUMYTh 0iJib-
mricTs (=2 95%). Kpim xapakrepuux aasa mopormky ¢as NiTi i Ti:Ni mixg uac
dopmyBanHa Ha migkgamuHmi 3 BT14 urissrHOrO Iapy yTBOPIOETHCA HEBe-
JauKa KijgbkicTs immwux ¢as: NisTi, TisNi4, Ti. Teoperuurno ob6TrpyHTOBAHO it
eKCIepPUMEeHTAJbHO ITiATBEPIKEeHO MOJKJIUBICTH IIiABUINEHHS AeMO(yBalb-
HOI 3gaTHOCTU THUTAaHOBUX cTOoIliB Tuny BT muisxom HaHeCeHHSA IIJIa3MOBOTO
MOKPUTTA 3 HiKeJNigy TuTaHy: HaHeceHHA 1mapy (0 = 0,5 MM) maasmMoBOTO
moKputTa 3 mopoinky ITH55T45 na mnactuny 3 BT14 migsuinye rKoedimieHT
poacigHHsA eHeprii y moHan 4 pasu, IO HOACHIOETHCS MAPTEHCUTHOI CTPYK-
TYypOIO 3arapTOBAaHOTO MOKPUTTA Ta HadABHicTio NiTi. OmepskaHi pesyabTaTu
MOXKYTh OYTHM BUKOPHCTaHI [IJA [OOCHiAMKEHb HaNpPYy:KeHO-Ie(dopMOBAHOTO
CTaHy JeTalliB aBiAMiNHUX 1 KopabelbHUX MTBUTYHIB.
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1.INTRODUCTION

Increasing the damping capacity of structural materials is an ur-
gent problem of materials science, the solution of which significant-
ly expands the possibilities of operation of machine-building struc-
tures in conditions of vibrations. Modern technical solutions for the
manufacture of supports, frames, shock absorbers include the use of
high damping alloys (manganese—copper, nickel-titanium, magnesi-
um, etc.) [1], the use of bimetallic compounds [2], methods of heat
treatment of structural parts [3], application of functional damping
and vibration-absorbing coatings on the surface of structures [4].
The formation of the coating layer on the products will contribute
to the additional dissipation of vibration energy and, in addition,
can perform the functions of protection against elevated tempera-
tures, corrosion processes and other negative operational factors.
The prospects of application of coatings with the effect of shape
memory are determined in [4-T7]. Nanostructured coatings of Cu
and Cu—Fe condensates deposited on BT-1 (Grade 2) titanium alloy
[7] are among the prospective ones. Their application is efficient
due to the formation of a nanotube substructure and a significant
weakening of the role of intragranular dislocations in mechanical
energy dissipation.

Alloys and coatings based on titanium nickelide, in which interme-
tallic compounds such as NiTi, NiTi: and NisTi have a strengthening
effect, have high heat resistance and corrosion resistance [5, 8]. Unlike
other intermetallic, titanium mononickelide (NiTi) has a high ductility
and damping ability with the effect of shape memory, which is also
characteristic to nitinols—double alloys based on it. An increase in
their damping capacity (by about 9%) is achieved after quenching,
which results in the formation of thermoelastic martensite. This effect
can be explained by the mechanisms of energy scattering, which occurs
due to the shift of the interfacial boundaries between martensite and
the initial phase and between individual martensite crystals and the
boundaries of the twins.

Nitinols are solid solutions based on the titanium mononickelide
intermetallic compound in a percentage of from 48% Ti to 54% Ni.
The initial structure of titanium nickelide is a stable face-centred
lattice of the CsCl type, which undergoes thermoelastic martensitic
transformation during deformation with the formation of a low
symmetry phase. The set of valuable properties, such as low density
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(p = 6450 kg/m?), high melting point (¢ = 1240-1310°C) in combina-
tion with the unique effect of shape memory, determine the need
for its use in medical, military, missile technics. However, the high
cost of nitinol significantly limits its widespread use, which makes
coating deposition technologies development relevant.

Results of studies of the formation of gradient layers with na-
noscale structure by plasma sputtering of mechanically activated
IIH55T45 powder, combining plasma sputtering technologies with
thermal deformation methods that provide high tribological charac-
teristics of structural steels (1044 (45), 5135 (40X), 30XI'CA steel,
AISI 321 (12X18H5T), are shown in Refs. [9, 10]. However, in
modern engine building there is a need for wear-resistant and
damping coatings of titanium nickelide on titanium alloys of BT
type (GOST 19807-91). Specific operating conditions, adaptation to
the production base, reducing the cost of parts for their widespread
implementation require additional studies to identify features of
the structure and properties.

Therefore, the goal of study is identifying the possibility of in-
creasing the damping capacity of titanium alloys of the BT type by
applying a plasma coating of titanium nickelide as well as finding
the relationships between structure and properties of such coatings.

2. EXPERIMENTAL DETAILS

The coatings were formed by plasma technology on the ‘Kyiv-7’ in-
stallation using deposition modes, substantiated by the authors of
[11]. Table 1 shows the characteristics of materials, used for stud-
ies.

Optical and computer metallography methods were used to study
the particle size distribution, shape, surface condition of source
powders, and microstructure of sprayed coatings, using a MMII-2P
metallographic microscope equipped with a Delta Optical HDCT-20C
digital camera and Scope Image 9.0 image processing software.
Sample preparation involved making cross sections and their etch-
ing with Kroll’s reagent (1-3 ml HCI, 4-5 ml HNOs, 95 ml H0).
The phase composition was investigated using x-ray diffraction
analysis (XRD) on the IPOH-3.0 device in MoK, = 0.7126 A radia-
tion with phase identification using ASTM tables [12]. Diffracto-
grams were taken from samples of 0.5 mm thick coatings separated
from the substrate.

In order to form a martensitic structure of the coatings, the
samples were quenched at the temperature of 820°C for 1 h with
subsequent cooling in water, for which CHOJI-1.6.2.08/9-M1 labor-
atory furnace was used.

The results of microstructural and x-ray diffraction studies were
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TABLE 1. Characteristics of used materials.

Characteristic ‘ Substrate Powder
Brand BT14 (4Al-3Mo-1V, GOST IIH55T45 (GOST 28844-90)
26492-85)
Usage Parts for the chemical Wear-resistant coatings that
industry, aircraft, and can work in sea water, alka-

rocketry, which operate lis, in the air at tempera-
for a long time at temper- tures up to 600°C

atures up to 400°C
Supplied as High-quality and flat A fraction of 40-100 um is
rolled metal used for plasma spraying
Chemical compo- Ti—86.82-92.8% Nickel-based powder with a
sition, mass % Fe—up to 0.25% content of 45% Ti, 0.07% C
C—up to 0.01%
Structure Belongs to (a+f) alloys of Consists of an austenitic
martensitic class phase (= 95%) with a small
amount (= 5%) of the mar-
tensitic phase
Preliminary Degreasing and shot blast- Drying of the powder at a
preparation be- ing temperature of 60—80°C

fore spraying

compared with the state diagram of Ti—Ni [13] and supported by
measuring the microhardness of the phases (GOST 9450-76) using
IIMT-3 microhardness tester.

The basis of the experimental research is the physical and mechan-
ical essence of the phenomenon of vibration energy absorption: struc-
tural elements absorb the mechanical energy of vibrations, convert-
ing it into heat, which is then dissipated. This effect determines the
damping properties of materials, and the method of free transverse
damping oscillations of console-mounted specimens is the most effec-
tive for studies of these properties [4, 6].

The research stand, developed by authors (see Fig. 1) was applied
for experimental researches in laboratory conditions.

The experimental stand consists of the base 1, the table 7, props 2,
6, and 8, the rigid bar 3 and the indicator 5. A sample 10 with a hole
for fixing the ferromagnetic rod 11 and an additional weight is at-
tached to the prop 2 by using special clamps 4. The end of the rod is
lowered into the inductor 9, which is fixed by props 8 to the table.

If necessary, the stand can be connected to a personal computer
with automatic recording of vibrograms of damped oscillations (see
Fig. 2), which can be used to calculate the logarithmic decrement &
(dimensionless physical quantity, inverse of the number of oscilla-
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i I
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Fig. 1. Experimental stand for studies of dampening properties: 1—base; 2,
6, 8—props; 3—rigid bar; 4—clamp; 5—indicator; 7—table; 9—inductance
coil; 10—studied sample; 11—ferromagnetic rod with weight.

tions, after which the amplitude decreases exponentially) and scatter-
ing coefficient energy v = 20 (ratio of scattered energy per cycle of
established oscillations to the amplitude value of the potential energy
of the elastic medium).

The developed stand allows conducting experiments in the fre-
quency range of 10—-40 Hz, which, although related to low frequen-
cies of dynamic oscillations, is typical for the operation of certain

=Inf.

Fig. 2. Vibrogram of damped oscillations of the sample of BT14 (4A1-3Mo—
1V) alloy with plasma coating: a—general view (data from research stand);
b—estimated form.
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Fig. 3. Samples for damping ability tests: a—the sketch of a sample; b—
testing scheme.

technical equipment and facilities.

Samples in the form of plates measuring 140x10x1.5 mm (see Fig.
3), on which plasma coatings 0.5 mm thick were applied on one side,
were used for research. Experiments were performed at oscillation
frequency of 40 Hz.

The formulation of the experiments also included comparative
studies of the damping ability of plates of BT14 (4A1-3Mo—1V) alloy
without coatings, which reveal the effect of plasma coating deposi-
tion.

3. RESULTS AND DISCUSSION

The results of microstructure studies are presented in the form of
optical micrographs of powder (see Fig. 4, a) and sprayed coating
before (see Fig. 4, b) and after heat treatment (see Fig. 4, ¢), which
together with the results of x-ray diffraction (see Fig. 5) give an idea
of structural features and are theoretical substantiation of the in-
crease of the damping capacity of plates made from BT14 (4Al-3Mo—
1V) alloy by applying a layer of plasma coating of titanium nickelide.

The above diffraction pattern shows the predominant content of
titanium mononickelide in the structure of sprayed coatings, the
peaks of which for the starting powder (see Fig. 5, a) are the major-
ity (=2 95%). In addition to NiTi and Ti:Ni phases, which are char-
acteristic to the powder, a small number of other phases are formed
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C
Fig.4. Optical microphotographs: a—IIH55T45 powder (94 650); b—
microstructure of sprayed coating (x400); c—microstructure of sprayed
coating (x400) after quenching (¢ = 820°C, t = 1 hour).

on the BT14 substrate, namely NisTi, TisNi4, Ti, but pure Ni lines,
which are characteristic to ITH55T45 powder, are absent on diffrac-
tograms taken from samples detached from the substrate. The
sprayed layer is homogeneous on the surface and has no notable
chips or cracks. This layer has a lamellar structure (see Fig. 4, b)
with a lamella thickness of 20-30 um. After hardening to marten-
site, this structure turns into a dense fine-grained (see Fig. 4, c)
with high hardness (Huz0 = 8334 MPa). After heat treatment, the
phase composition of the coatings does not change.

Experimental studies of damping capacity have shown significant
benefits of using samples, made from BT14 with sprayed coating in
conditions of vibrations. For example, a layer with a thickness of
0.5 mm, applied by the technology of ‘plasma spraying—hardening’
increases the energy dissipation coefficient by more than 4 times:
for the plate made from BT14 the value of the energy dissipation
coefficient is y =1.82%, and for the same plate with coating
v = 5.6% . This effect is explained by the fact that the main phase
in the structure of the sprayed coating is titanium nickelide NiTi.
High mechanical properties of this compound [14] in combination
with its functional properties allow to use these materials for parts
that undergo long operation under cyclic and shock loads, heavy
wear, corrosive environments.

The results, obtained in this work, expand the scientific ideas
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Fig. 5. X-ray diffractograms: a—IIH55T45 powder (initial state); b—
plasma sprayed coating.

about increasing the damping capacity of titanium alloys by apply-
ing a plasma coating of ITH55T45 powder with a predominant effect
of martensitic structure in the phase composition.

4. CONCLUSIONS

The possibility of increasing the damping capacity of titanium al-
loys of the BT type by applying a plasma coating of titanium nickel-
ide is theoretically substantiated and experimentally confirmed.
Applying a layer (6 = 0.5 mm) of plasma coating of ITH55T45 pow-
der on a plate made from BT14 increases the energy dissipation fac-
tor by 4 times and more due to the martensitic structure of the
hardened coating as well as to the presence of NiTi.

The obtained results can be used to study the stress—strain state
of aircraft and ship engine parts.

Prospects for further research are related to the approbation of
the results obtained on a large scale as well as to the development
of practical recommendations for the operation of plasma coatings
of titanium nickelide with the definition of boundary conditions.
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