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. Fluid-structure interaction problems are in the focus of attention of many researchers since the middle
of the last century. But the relevance of such research is only growing. This is caused by the rapid development
of modern technologies in rocketry, chemical, naval, nuclear, energy industries, and biomechanics. Particularly
topical are the issues of hydrodynamic interaction in estimating the strength and dynamic characteristics of
launch vehicle tanks. The creation of each new launch vehicle leads to design of new tanks, which requires their
refined strength analysis. Note that the presence of a free surface, a change in the filling level and the level of
gravity during mission cause especial difficulties [1]

The paper presents new computational techniques based on coupled finite and boundary element
methods for estimating strength and vibration characteristics of fuel tanks. The tanks are considered as elastic
shells filled with an ideal and incompressible liquid. At the first stage, an analysis of the static and dynamic
stress-strain state is carried out, frequencies and modes of the structure free vibrations are determined. The
vibrations of empty and fluid-filled elastic tanks with sloshing effects are considered by usage of the coupled
finite and boundary element method [2], and the strength characteristics are obtained by using the finite element
method. These studies make it possible to find out unwanted vibration frequencies during transportation, to
determine the highest stress concentration zones in the structure elements. Such zones are usually located near
the holes, the element boundaries and welds. Then the stress-strain state of the fuel tank elements under cyclic
loads has been obtained and studied. Based on the received characteristics, the fatigue analysis of structural
elements of fuel tanks under different loadings is accomplished. The number of cycles to failure under the
average load is calculated. This number is changed drastically in the presence of small initial defects. But in real
materials, there are always various microdefects, which propagation under applied loads can lead to negative
consequences. This is especially topical to ensure the safe maintenance and transportation of fuel tanks. The
modal defects are placed in the highest stress concentration zones. As a result of cyclic loading, the growth of the
fatigue crack-like defect is studied depending on the cycles number. Reliability and accuracy of the proposed
approach are ascertained. The same method will be used to assess the possible destruction of tanks with
explosive substances under the action of a suddenly applied load due to earthquakes, plane crashes, terrorist acts.
The problem became especially topical nowadays during Russian invasion to Ukraine [3]
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B3aUMOJIEHCTBUH C )uAKOCcThI0. [Tpo6it. MammuOCTpoeHns 9.1 (2006): 105-118.

2. Karaiev, A. and Strelnikova E. Singular integrals in axisymmetric problems of elastostatics. International Journal of
Modeling, Simulation, and Scientific Computing 11.01 (2020): 2050003 https://doi.org/10.1142/S1793962320500038

3. Sierikova O., Degtyarev K., Strelnikova E. Seismic Loads Influence Treatment on the Liquid Hydrocarbon Storage
Tanks Made of Nanocomposite Materials. WSEAS transactions on applied and theoretical mechanics (2022) 17:62-70 DOI:
10.37394/232011.2022.17.9

O.B.Boponaii, I1.A.€ropos, C.I.IToBanses

OBEPHEHI 3AJIAYI HECTAIIIOHAPHOI'O JE®OPMYBAHHA
IIJIACTHH TA OBOJIOHOK 3 PEBPAMMU KOPCTKOCTI

Xapxiscokuil HAYIOHATLHUL ABMOMOOLILHO-00POIICHIU YHIBEpCUmen,
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[Ipr npoekTyBaHHI 1 BUIOTOBJEHHI TEXHIYHMX OO0’€KTIB aKTyaJlbHOIO € Ipo0jieMa HeJI0CTaTHOCTI
iHpopmamii 100 IiIOYMX HAa MEXaHIYHI CHCTEMH HaBaHTaxxeHb. OcoOnMBoi Baru mpoOiema HaOyBae NpH
HecTarioHapHOMY Je()OpMyBaHHI €IeMEHTIB KOHCTPYKIiH. [Ipu nociimkeHHi HecTarioHapHoro aeopMyBaHHS
JTy’K€ BOKIIMBO MaTH TOYHY BHUXIJHY iH(OpMAIifO 00 AIF0YMX HaBaHTAXXEHb, OCKUIBKH X 3MiHa y daci Moxe
3HAYHO BIUIMBATH Ha TpoIiec JeGopMyBaHHs, a OTXKE, 1 Ha pe3yIbTaTH PO3paxyHKiB. Bu3HaueHHS 3aKOHIB 3MiHH
y daci yaapHux a0o IMITyJIbCHHX HaBaHTa)XCHb, IO JIIOTh HAa OKPEMi E€JIeMEHTH KOHCTPYKIIiH, YCIIIIHO
3IIIICHIOETBCS B paMKax po3B’s3aHHS 00CpHEHUX HECTalliOHAPHUX 3a/lad MeXaHiKH 1e()OPMIBHOTO TBEPAOTO Tijla

[1].



