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2. The oscillations of a complex shell structure with a liquid in the problem of launch vehicle longitudinal stability

Pedepar:

1. O6'eKT mOCHiIKEHHS - IT03/10BKHi KOJIMBaHHS CKJIAAHMUX O00JIOHKOBUX KOHCTPYKIIii MaJIMBHUX BifCiKiB PiTHHNX
PaKeT-HOCIiB Ha aKTUBHIN YaCTHHI [I0JIbOTY PAKeT-HOCIiB. MeéTa LOCiI)KEHHS - PO3BUTOK ITiIXOy O BUSHAYEHHS
HaIpyXeHo-Ae()OPMOBAHOI0 CTaHy O00JIOHKOBUX €JIEMEHTIB KOHCTPYKLill PilMHHUX PaKeT-HOCIiB IpY MO3I0BXHIX
KOJIUBaHHSX. METOA, OCTiIKEHHS - METOJ, CKIHYEHUX €JIEMEHTIB, YMCEJIbHI METOIH JIiHINHOI anre6pu, METOON
Teopii aBTOMaTUYHOTO PEeryyI0BaHHS Ta TeOPii KOJIMBaHb MEXaHIYHMX cUCTeM. B po6oTi po3po6sieHO HayKOBO-
MEeTOoJMYHe 3a06e3NedyeHHs 1J11 TEOPETUYHOr0 BU3HAUEHHS JUHAMIYHMX HaBaHTaXXeHb Ha KOHCTPYKILiI0 pPiiMHHMX
PaKeT IpH iX NO340BXKHIX KONMBaHHAX. [I[pakKTUYHE 3HAYEHHS OTPUMAHUX pe3yibTaTiB. OTPUMaHi pe3ysbTaTu
MO>XKYTb 3HAITH 3aCTOCYBAaHHS IIPU [TPOEKTYBaHHI Cy4aCHUX TPAHCIIOPTHUX 3aCO6iB, 110 MiCTATh 6aKu 3 pijMHOIO, Ta

onTuMmizalii ix KoHCTpyKuUii. HaykoBa HOBu3HA. PO3BMHYTO MeTO/ BU3HAUEHHS HANIPYXeHO-1e()OPMOBAHOTO CTaHy



Ta AUHAMIYHMX HABAaHTKEHb HA 000JIOHKOBI €JIEMEHTU KOHCTPYKUii pilMHHOI pakeTy npu ii N030BXKHIN
HECTIMKOCTi B 11epiof, po60TH MapIloBOi PiiHHOI paKeTHOI IBUI'YHHOI YCTAaHOBKHU I1epuIoro cryreHs. OcobIuBiCTIO
3aIIPOMTIOHOBAHOIO METOAY € BU3HAYEHHSI CUJI, IIF0YMX HA KOHCTPYKLIIO CTYIIEHS PilMHHOI paKeTHU-HOCIs IPU
[TO3[0BKHIX KOJIMBAHHSX, i3 ypaXyBaHHAM HECTAL[iOHAPHOCTI AMHAMIYHOI CUCTEMU "PilMHHA PAKETHA ABUTYHHA
YCTaHOBKA - KOPIIyC PaKeTU-HOCIA" i HEJIHIMHOCTEN JUHAMIYHMX JIAHOK PiAVMHHOI PaKETHOI IBUTYHHOI YCTAaHOBKY,
00YMOBJIEHUX KaBiTallilHUMH SIBUIIAMHU B HACOCaX. BUKOHAHO MaTeMaTUYHE MOJIEJIIOBAHHS IIPOCTOPOBUX KOJIMBAaHb
PO3pOOJIIOBAHOTO BEPXHBOTO CTYIEHS PiAMHHOI paKeTU-HOCIS, NaJIMBHUH BiJICIK SIKOTO Mae C(PEPOKOHIUHY
KOHirypariiio i npezcrasisie Co6010 CKJIAIHYy CUCTEMY 000JIOHKOBMX KOHCTPYKLiH 3 piinHOI0. Bu3HaueHo
IlapaMeTpy BJIACHUX I[103[I0BXHIX KOJIMBaHb CTYIIEHS IIPU Pi3HUX PiBHSX 3aIIOBHEHHS 0aKiB PilMHOIO i HAIIPY>KEHO~
IepopMOBaHUIl CTaH 000JIOHKOBYX €JIEMEHTIB KOHCTPYKIIii IaJIMBHOTO BiJICIKy CTYII€HSI IIPU [103[I0BXKHIX
KOJIMBaHHSIX. Brieplie 117151 4aCTKOBO 3alIOBHEHOI PiIMHOIO CKJIAHOI 000JI0HKOBOi KOHCTPYKLi, B SIKill chepuuHuiz
0aK 3aHYpeHO y KOHIYHMI, BU3HAYEHO 3aJIe)KHOCTI aMILJITy/ KOJIMBaHb TUCKY PiIVHY Ha OHUIAX 6aKiB Bif 4aCTOTU
II037JOBXXHbOT'O 30YIPKEHHSI KOHCTPYKLI 3 ypaxyBaHHSIM IMHAMiYHOI B3aeMoZii cripsikeHUx 6aKiB i nemMrndyBaHHS
KOJIMBaHb pinuHu. OTPUMAaHO KiJIbKiCHI OLIiIHKY BIIJIMBY OCOOJIMBOCTEN KOHCTPYKLii CPepOKOHIYHOrO NaJIMBHOTO
BiZICiKy PO3pO6JII0BAHOTO BEPXHBOTO CTYIE€HS PAKETU-HOCIS (CIIPSDKEHHS IOBEPXOHb 000JI0HKOBUX KOHCTPYKILIii
fioro 6aKiB, HasSIBHOCTI B 6aKax [OJAaTKOBUX LMJIiHAPUYHUX BCTABOK) HA IIapaMETPH BIIACHUX MO3[J0BKHIX KOJIMBaHb
cryneHs. ['any3b 3aCTOCYBaHHS: TPOEKTYBAHHS Cy4YaCHUX TPAHCIIOPTHUX 3aCO06iB, 1[0 MICTATh 6aKU 3 PiIMHOIO, TA
ONTMMi3aLis iX KOHCTPYKLIN.

2. The research subject is the longitudinal oscillations of a complex shell structure of fuel tanks of liquid launch
vehicle at the acting part of the launch vehicle flight. The objective is to development of a method of determining
the parameters of oscillations and stressed-strained state of the shell elements of launch vehicle stage structures
under longitudinal instability. The research method is a finite element method, numerical methods of linear
algebra, methods of automatic control theory and theory of oscillations mechanical system. The study developed
the scientific and methodic support for theoretical determining the dynamical loading on the liquid launch vehicle
structure during longitudinal oscillations. Practical importance of the results obtained. Received results can be
applying during designing modern hauling unit inclusive tanks with a liquid and during optimization its structure.
Research novelty. The method of determining the stressed-strained state and dynamical loading on the shell
elements of launch vehicle structures under longitudinal instability during working time of first stage propulsion
system. Feature of proposed method is the determining of the forces, acting on the stage structure of liquid launch
vehicle during longitudinal oscillations subject to non-steady-state of dynamical system propulsion system -
structure of launch vehicle and non-linearity of dynamical units of propulsion system are due to cavitation
phenomena in the propulsion system pumps. Mathematical modeling of space oscillation liquid launch vehicle
upper-stage with spheroconical configuration fuel tanks, which is the complex system shell structure with liquid,
was executed. The parameter of natural longitudinal oscillations of stage with different liquid levels in tanks and
the stressed-strained state of the shell elements of the tanks structure during longitudinal oscillations. For the
first time for complex shell structure with liquid the dependences of oscillations amplitudes of liquid pressure at
the tank's bottom on frequency of longitudinal structure excitation was determined taking into account dynamic
interaction of conjugate tanks and liquid oscillations decrement. The quantitative assessment of influence of
design features spheroconical fuel tanks developed upper-stage (conjugation of surface of tank shell structure,
existence of additional cylindrical inserts) on parameters of natural longitudinal stage oscillations was determined.
Applications: designing of modern hauling unit inclusive tanks with a liquid and optimization its structure.
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