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Abstract: Low specific weight and high mechanical strength (especially at elevated temperatures) of titanium
and its alloys make them very valuable aviation materials. In the field of aircraft construction and aircraft engine
production, titanium is increasingly replacing aluminum and stainless steel. At present, aircraft developers are
restructuring the whole material science concept of aircraft construction, actively involving and using various
types of composite materials based on titanium alloys. Combined with the properties of titanium, FML
composites based on titanium have greater stiffness, impact resistance, heat resistance, and corrosion resistance
especially compared to similar aluminum-based materials. The paper investigates the dynamic characteristics of
hybrid titanium-polymer composite materials (TPCM) based on titanium alloy BT-23 and fiberglass with a brief
presentation of the main characteristics of prepregs. The process of manufacturing specimens for testing
including heat treatment, ply laying scheme and reinforcement scheme in two variants is described. The results
of experimental studies of natural frequencies and damping coefficient by the method of free damped oscillations
in free oscillations of TPCM plates are presented. The tests are carried out on a specially designed unit with a
triangulation sensor in the variant of vertical loading. Two identical specimens with different overall dimensions
are tested.Each specimen was tested with a different amplitude. Five tests were conducted for each amplitude.
The physical constants of the specimens were pre-determined in static tests. The natural frequencies and
damping coefficients for the titanium-polymer composite specimens were found.
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MCCJIEJOBAHUE JTUHAMUWYECKHUX CBOUCTB
I'MBPUIHOI'O TUTAH-IOJIMMEPHOI'O
KOMITO3UIITUOHHOI'O MATEPHUAJIA

A.B. babaiues, C.C. J/lonamun, @.A. Haconoes

MOCKOBCKHUI aBHAITMOHHBIN HHCTUTYT (HAIIMOHATBHBIIN HCCIIe0BaTeNbCKUI yHIBEpCHTET), T. MockBa, POCCUS

AHHOTanmsi: Manblii yJenbHbI BEC M BBICOKAas MEXaHHWYECKasl MPOYHOCTh (OCOOCHHO MPHU TIOBBIIICHHBIX
TeMIepaTypax) TUTaHa U ero CIUIAaBOB JIEJIAIOT UX BeChbMa LIEHHBIMHM aBHAI[MOHHBIMH MaTepuanamu. B obsiactu
CaMOJICTOCTPOCHUSI M MPOM3BOJICTBA ABHALMOHHBIX JBUTATeNel THTaH Bce OOJbIIE BHITECHSCT ATIOMUHHN H
HEp)KaBEIONIYI0 CTalnb. B HacTosimiee BpeMms pa3pabdOTYMKM — aBHATEXHMKHM  MEPECTPAaUBAIOT  BCIO
MaTepUaIOBEIUECKYI0 KOHLIEHIUIO CTPOUTENLCTBA CAMOJIETOB, aKTHMBHO MPUBJIEKAs U UCIONb3Ys Pa3IUYHBIC
BH/IbI KOMIIO3UIIMOHHBIX MaTE€pPUaJIOB HA OCHOBE THUTAHOBBIX CIUIABOB. B codeTaHWMM CO CBOWCTBAMH THTaHa
KOMITO3MIMOHHBIe MaTepuaisl FML Ha ero ocHoBe oOmamaroT Oousiblneil >KECTKOCTBIO, YAapOCTOMKOCTBIO,
TEPMOCTOHKOCTBIO, KOPPO3HOHHONW CTOWKOCTBIO OCOOCHHO 10 CPAaBHEHHIO C AHAJOTMYHBIMH MaTepuajaMy Ha
OCHOBE amoMHuHUA. B pabote mccnemyroTcss TUHAMHYECKUE XapaKTEPUCTUKH TMOPHIHBIX THUTAH-TIOJIMMEPHBIX
koMno3unruoHHEIX MaTepuanoB (TTIKM) Ha ocHoBe THTaHOBOTO CcrutaBa BT-23 m cTekiomracTuka ¢ KpaTKuM
MIPUBEICHUEM OCHOBHBIX XapaKTepUCTUK mpemnperos. OmucaH TPOIECC HW3rOTOBICHMS 00pasoB, At
UCIIBITAaHUH BKJIIOYAsT TEPMOOOpabOTKy, cXema YKIaJIKd CJIOEB M CXeMa apMHpPOBaHHs B JBYX BapHaHTax.
[IpencraBieHsl pe3ynabTaThl JKCIHEPUMEHTAIBHBIX HCCIIEAOBAHUI COOCTBEHHBIX 4YacTOT M KOd(pQHIUEeHTa
JneMnGUpOBaHHs 110 METOAY CBOOOIHBIX 3aTyXaloIIMX KoJeOaHuil Npu CBOOOJHBIX KOJICOAHMSX IUIACTUH
TIIKM. Hcneltanus OpoBOASTCA HA CHELMAIbHO CKOHCTPYHUPOBAHHOM YCTaHOBKE C TPHUAHTYJISIUOHHBIM
JaTYMKOM B BapHaHTE BEPTUKAIBLHOTO HArpyxeHus. VICHBITBIBAIOTCS J[Ba OJHOTHUITHBIX 00pa3lia ¢ pasHbIMHU
rabapuTHBIME pazMepamu. Kakaplii 00pa3er] NCIIBITHIBANICS C PA3IMYHON aMILTUTY 10U, [IJ1s KayK10i aMIIIATY bl
npoBOAMWIOCH TO 5 wucnbITaHud. Pusnueckre KOHCTAHTHI 00pa3OB MPEIBAPUTEIBHO ONpPEICICHBl B
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CTaTUYECKUX MCIBITaHUAX. HaiimeHsl cOOCTBEHHBIC YaCTOTH M KO3(PPUIIMEHTHI qeMII(pUPOBaHUS I 00pa3IoB

TUTAH-TIOJIMMEPHOTO KOMITO3UITMOHHOTO MaT€puasa.

KuroueBbie ciioBa: cd)epnqecxaﬂ KOMITIO3HUTHAast 060HO‘IKa; KOHTaKTHas 3aJa4a,
TCOPUSA MHOI'OKOMIIOHEHTHOI'O aHU30TPOITHOT'O CYXOT'0 TPCHUA

INTRODUCTION

The study of dynamic characteristics is one of
the main points for compiling a complete
picture of the properties of materials in various
branches of engineering, especially hybrid
titanium-polymer composites or metal-fiber
laminate (FML). A number of articles [1-6]
investigated a wide range of issues devoted to
various stages of creation, study of properties
and characteristics, metal-polymer materials
based on titanium [6]. These materials have
high corrosion resistance and strength in
combination with low density, as well as
paramagnetic properties and are widely used in
aviation, space technology, shipbuilding.
Special attention has been paid to the research
and development of metal polymers based on
thin sheets of titanium alloys VT20 and VT23M
[1-6]. Compared to similar materials based on
aluminum, TPKM has advantages in thermal
conductivity, since the thermal conductivity of
titanium 1s 13 times less than that of aluminum
[1]. Traditional titanium alloys have high
mechanical characteristics, but all possibilities
are currently exhausted to increase their strength
and reduce density, especially in comparison
with foreign analogs, B-alloys, which have a
complex alloying system and contain scarce and
expensive elements (e.g., alloys SP-700, Beta
CEZ). This is another advantage of TPKM.

The layup configuration can be different
depending on the working conditions and the
task to be performed. Composite materials
based on titanium are widely used in helicopter
main rotor blade spar, in Mi 26 tail rotor blade
spar, in Mi-26 stabilizer spar, in Mi-2 tail rotor
blade, which have special requirements related
to rigidity, strength, thermal insulation. One of
the main tasks was to determine the dynamic
characteristics of such material: natural
frequencies, bending stiffness and damping
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coefficients, to build a mathematical model
based on the plate for prediction in the design of
structural elements of aircraft operating under
conditions of high-frequency vibration loading.
This  paper investigates the  dynamic
characteristics of titanium-polymer composite
material based on titanium alloy BT-23 by the
method of free damped oscillations [7-8].

MATERIALS AND METHODS

A promising material among metal composite
laminates is a laminate based on titanium and
glass or carbon fibers. The use of titanium
increases the stiffness of the composite
compared to the metal composite material based
on aluminum alloys and has high corrosion
resistance, including in aggressive environments
[9-10]. The use of different thickness and
different number of metal and composite layers
or different arrangement of fibers allows to
change the properties of such material, as well
as other types of metal composite laminate [11-
12].  For high flight speeds, titanium
FML(TPCMs) have high heat resistance and can
withstand working surface temperatures where
they are used up to 300°C. TPCMs are mainly
used in regions where high temperatures and
high fracture toughness are required. In addition
to these advantages, TPKMs have high fracture
toughness, high impact resistance and low
density.

This paper investigates samples from hybrid
titantum-polymer composite material (TPCM)
based on titanium alloy BT-23, which are metal
plates produced by vacuum-autoclave method
after assembly of layered billet packages. Table
1 gives the characteristics of the materials used
in the test. Figure 1 shows the samples of
titantum-polymer composite material. Two
types of TPCM specimens with dimensions
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280mm x 20mm x 0.8mm and 180mm x 10mm
x 0.8mm cut from one plate by guillotine were
investigated.

Table 2. Layout and reinforcement scheme

s omisdoialy

280mm x 20mm x 0.8mm and from the bottom a

Layout of Layout of
No Layer conditions | conditions
1, deg 2, deg
u 1415 16 17 18 19 20 21 22 23 24 25 26 2728 29 1 VT ‘23, foil VT‘23, foil
; 2 0 0
3 (KMKS-
! 2m.120.T60) 0 o0
% 4 0 0
Figure 1. The types of TPCM samples under 2 VT-23 , foil | VT _203’ foil
study are from the top a sample measuring 7 (KMKS-
. 2 | 2m.120.T60) 0 %0
sample measuring 180mm x 10mm x 0.8mm 3 0 0
9 VT-23, foil | VT -23, foil

Table 1. Material Characteristics

Tensile
Material p, kg/m3 E, GPa strength,
MPa
BT-23 4570 100-110 980
BIIC-
37K10 1700-1800 | 42/11,5 1500/75
BCK-14-2m 1780 3,7 92

To form the samples, a monolithic panel with
dimensions of 500 x 250 mm was
manufactured. Three layers of titanium foil of
high-strength deformable titanium alloy VT-23
0.08 mm thick, between which alternate layers
of fiberglass plastic based on prepreg KMKS-
2m.120.T60. Fig. 2 shows the laying scheme of
TPKM layers. Table 2 shows the scheme of
laying and reinforcement of the material.
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Figure 2. Layout scheme of TPKM layers. On
the left 1,5,9-VT23, foil; 2,4,6,8-layer VK-25;
3,6-KMKS-2m.120.T60. On the right laying
package 1 and 2
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Layers 1 and 9 of titanium alloy foil BT-23 are
covered on one side, and layer 5 - on both sides,
with an elastic sub-layer based on phenol rubber
composition VK-25. This provides creation of
conditions for improvement of adhesive
interaction and work of interphase boundary
metal foil - polymer composite. Layers 2 - 4, 6 -
8 are fiberglass plastic VPS-37K10 on the basis
of prepreg KMKS-2m.120.T60. The reinforcing
filler in this fiberglass laminate is glass fabric T-
60(VMP)-14 based on high-modulus high-
strength fibers. The binder is epoxy composition
VSK-14-2m.

Laying of blanks was carried out manually.
Further for realization of vacuum-autoclave
molding a vacuum bag was made with
application of typical auxiliary materials (anti-
adhesion separating films, drainage layers,
vacuum film and sealing tourniquet). The
molding of the blank was carried out according
to the typical curing regime. Curing for 3 hours
at a temperature of 150 °C and molding pressure
of 5 atm.

RESULTS

During the tests, the specimen is fixed parallel
to the plane of the table for vertical loading.
The rod in the form of a metal bar is removed
from the specimen as sharply as possible, in
order to obtain a clean interference-free plot of
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amplitude versus time for further processing.
The maximum amplitude is limited by the
possible delamination of the specimen during
testing and did not exceed 20 mm. The setup
itself ensures the absence of external
interference and transients. The setup with a
fixed TPCM specimen is shown in Fig. 3.

A RIFTEK RF603 triangulation laser sensor
was used to fix the amplitude. The tests were
carried out on the specimen out of the clamping
tooling 250mm and 150mm. The loading was
performed vertically. The test results were
processed using the fast Fourier transform
method to obtain the amplitude-frequency
response (AFR) of the realized oscillations [4].
The peak corresponding to the first resonant
frequency was determined on the obtained AFC.
The width of the found peak allows determining
the logarithmic decrement of the sample based
on the ratio (GOST 30630.1.8-2002, ASTM
E756) [7-8]:

0, — O,
C:—

2w,

where wq — is the resonance frequency, and w;
< w, — are the frequencies near resonance at
which the amplitude value decreases by a factor

112

Arseniy V. Babaytsev, Sergey S. Lopatin, Fedor A. Nasonov

of v/2 compared to the resonance amplitude.
From the data obtained, the natural frequency of
each sample was determined and the damping
coefficient was determined, and the results are
summarized in Tables 3.

Table 3. Natural frequencies and damping
coefficients of 150mm and 250mm TPCM

samples
—_— > en ) = o o
sample | 2 = 2 x| 0% 8 o S =
3 S < G~
length) Z 2 A < = 2 <3
1] 29,166 | 0,039
21 29,095 | 0,042
131 29073 | 0,039 | 22109 | 0.040
41 29,068 | 0,040
51 29,142 | 0,041
1] 27,755 | 0,036
£ 2] 27818 | 0,039
El2[3 27917 [ 0038 | 27887 | 0.037
&Q 4| 27,973 | 0,039
5| 27,971 | 0,035
1] 28,853 | 0,036
2] 28,837 | 0,037
3 3] 28.831 | 0.037 | 28840 0,036
4] 28832 | 0,035
5| 28,847 | 0,036
1] 38,661 | 0,017
2] 38,659 | 0,018
13738605 | 0,019 | 3%9% | o018
4] 38605 | 0,017
5| 38,593 | 0,019
1| 38,448 | 0,019
£ 2] 38392 | 0,017
E 2 3] 38423 | 0018 | 2*0 | o018
& 4] 38462 | 0,019
5| 38,476 | 0,019
1| 37,867 | 0,018
2] 38011 | 0,018
33038018 | 0016 | 272 | o017
4] 38018 | 0,016
5| 38,033 | 0,017
CONCLUSIONS

The results of dynamic tests of TPKM samples
are presented. The natural frequencies and
damping coefficients for titanium-polymer
composite material samples were found. To
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determine the natural frequency of vibration for
each test, the coefficient of variation did not
exceed 0.35%, and for the damping coefficient,
the coefficient of variation did not exceed 5%.

The study showed high stiffness of the titanium-
polymer composite material in comparison with
alumina-glass plastic. On average, the level of

damping

coefficient of titanium-polymer

composite material was ~50% higher than that
of alumino-glass plastic. [4].
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