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1. BB KpyroBUX OTBOPiB Ha HaNpy>XeHO-1e(pOPMOBAHUMN CTaH LUUIIHAPUYHUX OO0JIOHOK CKiHY€HHOI JOBXKUHU

[IpY KPY4YEHHI

2. The influence of circular holes on the stress-strain state of cylindrical shells of finite lengths during torsion

Pedepar:

1. Incepraniiina po60Ta IpUCBIYEHA JOCIIKEHHIO Hanlpy>XeHo-nedpopmoBaHoro crany (HJC) npyxHux
i30TPONHUX UUIIHIPUYHUX TOHKOCTIHHUX O0OJIOHOK CKiHU€HHMX JOBXUH, OCJIa0JIEHUX KPYTOBUM OTBOPOM IIPU i
KPYTHOTO MOMEHTY. 3a JOIIOMOTOIO JIiHIFHOTO i FEOMETPUYHO HEJIIHITHOTO aHali3iB METOIOM CKiH4EHHUX
esnemeHTiB (MCE) mocnigpkeHuit BIIJIMB 3MiHU TeOMETPUYHUX [TapaMeTpPiB Ha HAlIPYy>KeHUI CTaH, 30Kpema Ha
KoedilieHT KoHLeHTpalii Hanpy>keHb. Ha ocHOBI siHiliHoro MCE-aHanizy po3po6JieHi e(peKTHBHI CiTKOBI Mogei
1711 BUpileHHs 3ana4 Bu3HadeHHs HIIC y uumiHapuiHUX 000JI0HKaX 3 OTBOPOM, IPYHTOBAHI Ha 3aCTOCYBaHHI

aJlalTUBHUX CIiTOK Y CYKYITHOCTI 3i crienjjasibHO cpopMyIbOBaHUMU METOIaMM KOHTPOJIIO TOYHOCTI. [ToKka3aHo, 1110



MaremaTudHa mogerb A. 1. JIyp'e 3acTocoBHA 1,0 060JI0HOK BEJIMKOI JOBXKUHMU i [JIs1 MAJIOTO PO3Mipy OTBOPY, i
HeTpuaTHa AJ1s1 KOPOTKUX ODOJIOHOK i 117151 060JIOHOK, OCJIab/IeHUX BEJIMKUM OTBOPOM. BUKOpUCTaHHS 3a3HAaY€HO]
MogeJii 10 000JI0HOK CKiHUEHHUX JOBKMH MOXKE 6araTopa3oBo 3aBUILyBaTU Pe3yJIbTaTU PillleHHs 3aadi IIpo
BM3HAUEHHSI PiBHS KOHLIEHTPaLii Hanpy>XeHs. [Ij1s1 MUPOKOro Aiana3oHy 3MiHA F€OMETPUYHUX [1apAMETPiB
000JIOHOK pPe3yJIbTaTU, OTPUMaHi B HeJliHiliHiil OCTaHOBLi 6JIM3bKi 10 Pe3yJbTATIB 3 JIIHIMHOrO PillleHHS TiJIbKYU [JI51
[TI0YaTKOBOT'O €TaIly HaBaHTAKE€HHS i B IOCUTb By3bKOMY Jlialla30Hi HaBaHTaKeHb. [Ipy BpaxyBaHHi reOMETPUYHOI
HeJliHilHOCTI Jedopmaliii, 10151 Hanpy>XeHb i 110J1s1 IEpPEMIllIeHb i3 3pOCTaHHSIM HaBaHTaXKEHHSI, 0COOJIMBO IIPU
HaOVKEHHI 10 BUMEPIIaHHS HeCy4oi 3[aTHOCTI, 3a3HAlOTh SIKiCHUX 3MiH, SIK Ha MEXi, TaK i B 3Ha4Hil 06s1aCTi
HaBKOJIO 0TBOPY. OCHOBHA yBara IpujijieHa JOCiIKeHHIO KOHLEHTpaLlil Halpy>KeHb i 3a71eXXHOCTIM KoedillieHTa
KOHILIEHTpAallii Halpy>KeHb BiJ] BEJIMUMHU HABAaHTAKEHHS, IOBXXUHU 000JIOHKHU i po3Mipy OTBOpY. I3 pocToM
HABaHTaXEHHS KoeillieHT KOHLIEHTPalii Hapy>XeHb 3pOCTa€E M1JIs yCixX JOCiIKyBaHUX 000JIOHOK. BUHSTOK
CTaHOBJISITb OOOJIOHKU BEJIMKOI JOBXUHU 3 MAJIMM PO3MipOM OTBOPY, IJIs IKUX BiH IPAKTUYHO HE 3aJI€KUTb Bif
PiBHSI HABaHTKEHHS. BUABIIEHO, O iCHye AesdKa JOBXUHA, 3i SMEHIIEHHSM SIKOi IOYMHAE [T03HAYATUCH
NiATPUMYyBaIbHUI BIIMB KPalo 000JI0OHKY, SIKUI BUPAKA€ETbCS B iCTOTHOMY 3HVKEHHI PiBHSI KOHLIEHTpallii
HaMpyXeHb. Pe3ysibTaTu JOCIIiI)KEHH] BAKOPUCTAHI y MPaKTULli MianpruemcTsa «KOHCTPpYKTOpPChKE 610pO
«IliBopenHe» iM. M. K. SIHrens npu NpoeKTyBaHHi paKeTu KOCMIYHOTO NIPU3HAYEHHS, 30KPEMA aJlallTeEPy Ta
rOJIOBHOT'O OOTIYHMKA B paMKax pob0oTu 3a MDKHApOAHUM KOHTPaKkTOM. KiTto4oBi cjioBa: MeTo[ CKiHUEHHUX
€JIEMEHTIB, UUIIHAPAYHA 000JIOHKA, KPYTOBUI OTBip, KpYY€HHS, HAalIpY>XKeHO-1e(POPMOBaHUM CTaH, KoeilieHT

KOHLIEHTpALil HAIIPY>XEHb.

2. The dissertation work is devoted to the study of the stress-strain state (SSS) of elastic isotropic cylindrical thin-
walled shells of finite lengths, weakened by a circular hole under the action of a torque. With the help of linear and
geometrically nonlinear analyses with finite element method (FEM), the influence of changes of geometric
parameters on the stress state, in particular on stress concentration factor, has been investigated. Effective grid
models have been developed for solving the problems of determining stress-strain state in cylindrical shells with a
hole, on the basis of liner FEM-analysis, based on the use of adaptive grids together with specially formulated
methods of accuracy control It is shown that mathematical model of A. Lurie is applicable for large length shells
and for small size of a hole, and is unsuitable for short shells and for shells weakened by a large hole. This model
can overestimate the results of solving the problem of determining the level of stress concentration many times
over in relation to the deformation of shells of finite lengths. For a wide range of changes in geometric parameters
of shells, the results obtained in the nonlinear formulation are close to results from the linear solution only for the
initial stage of loading and in a rather narrow range of loads. Taking into account the geometric nonlinearity of
deformation, stress fields and displacement fields with increasing load, especially when approaching the depletion
of the bearing capacity, undergo qualitative changes, both at the boundary and in a significant area around the
hole. The main attention is paid to the study of the stress concentration and dependences of stress concentration
factor on the load value, shell length and hole size. Stress concentration factor increases with increasing load for al
and studied casings. The exception is shells of large length with a small hole size, for which it is practically
independent from the load level. It is obtained that there is a certain length determined by calculations, with a
decrease of this length the supporting effect of the shell edge begins to bear on, which significantly decrease level
of stress concentration. The results of the research were used in practice of the State “Design Office “Yuzhnoye”
named after M. K. Yangel” in the design of a space rocket, in particular adapter and head fairing as part of an
international contract. Key words: finite element method, cylindrical shell, circular hole, torsion, stress-strain
state, stress concentration factor.
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