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JOCIIKEHHS BIIVIMBY TOBIIUH TA MATEPIAJIIB IITAPIB
METAJIOKOMITIO3UTHUX NUJIHAPIB HA MIITHICTbH ITPU
BHYTPIIIHbOMY BUBYXOBOMY HABAHTAKEHHI

Bosionumup Pomamenko, Cpitiiana TapacoBcbka
Inemumym npoonem miynocmi im. I'.C. Hucapenka HAH Ykpainu
roma@ipp.kiev.ua, tsa@ipp.kiev.ua

B po06oTi mpoBeicHO YuCenbHE TOCIIKCHHS OJJHOBUMIPHOTO JUHAMIYHOTO
Hanpy>XeHo-7e()OPMOBAHOTO CTaHy 1 MIITHOCTI HAMOTYBAJIbHUX METAJIOKOMIIO-
3UTHHUX IWIIHJPIB, BU3HAUEHHS ONTHUMAJIBHUX TOBIIMHU METAJEBHX INapiB i
($i3MKO-MEXaHIYHUX XapaKTePUCTUK KOMIIO3MTIB, SKi 3a0e3meuyloTh HalOiib-
LIy HECydy 3J[aTHICTb HMJIIHAPIB IPH BHYTPIIIHEOMY BUOYXOBOMY HaBaHTa>KeH-
Hi B IOBITPSHOMY cepenoBHIIi. MojentoBaHHSI BHOYXOBOI'O HAaBaHTAXCHHS
npoBoauThes 3a metonukoro CONWEP [1, 2], omiHka MIITHOCTI — 3a y3arajib-
HEHUM KpHUTepieM MinHOCTI Mizeca.

Jl1s oTpuMaHHs HaWOLIBII AKICHUX 1 HAOYHUX PE3yJIbTaTiB AMHAMIUHA 3a-
Jnavya posrisgaerbess B 1D-mocTaHoBHI MIIOCKOTO A€OpPMOBAHOTO CTaHy Ha
Topusx umiHapa. [Ipu oMy iMITyIIbC THCKY BimoBinae BUOyxy cdepruynoro 3a-
psny BUOYXOBOi PEYOBHHHU NEBHOI Macu M B MOBITPSIHOMY CEPEOBHILI Ha BijcTa-
Hi, sIKa JOPIBHIOE BHYTPIIIHEOMY pajiycy LuliHApa. BHyTpinmHii map — i3orpor-
Ha IPY>KHOIIACTHYHA CTajlb, 30BHIIIHIIN — IMJIIHAPUYHO TPAHCTPOITHUN MPYXK-
HUH KOMITO3HUT 3 KOJIOBUM apMyBaHHSM, KOHTaKT MiXX IIapaMy ifealbHui. 3a-
Jlada BHUPIIIY€EThCS YHMCEILHO METOJOM CKIHYEHHMX pi3HMIb. [loBHaA cuctema jau-
(epeHLiHUX PIBHAHB pa30M 3 OYATKOBUMH, TPAHUYHUMH 1 KOHTAKTHUMH YMOBa-
MU HaBeJieHa B [3]. MilHICTh JBOIIAPOBOTO IMJIIH/PA OLIHIOETHCS 3a y3arajibHe-
HUM Kputepiem minHocti Mizeca. CdopmynboBana quHaMiyHa KpaiioBa 1D-3a-
Jlada po3B’S3YEThCS YHCENIFHO 32 JIONOMOTOI0 MOJM(IKOBaHOTO MaKeTa MpHKJIIa-
HUX TIpOTpam, sIKuil po3podiaeHo paHime [4].

Jlis TpbOX BHIIB METAJOKOMITO3UTHHX IMJIIHIPIB (TOHKHH, CEpeaHBOI TOB-
IIMHY Ta TOBCTHH) Ta YOTUPHOX PI3HUX MaTepiaiiB KOMIIO3UTHHX LIapiB OyIIo Mmpo-
BEJICHO CHCTEMATHYHUI YMCENbHUN aHalli3 3 BU3HAYEHHS ONTHMAJIbHOI BiJHOCHOT
TOBIIHU METaJTy 1 ONITUMAJILHOTO 32 MIIHICTIO KOMITO3UTHOTO MaTtepiary 30BHillI-
HBOTO IIapy. Byso mpoBeaeHo MoCIiKeHHs BIUTUBY TUIACTUYHOTO Je(opMyBaHHs
BHYTPILIHBOT'O CTAJIEBOTO IIapy HA MIIIHICTh 30BHIIIHHOTO KOMITO3UTHOTO.

OTpuMaHi HOBI YHCENBHI pe3yJIbTaTH PO BILIMB Ha HAINpPY)KeHO-IepopMoBa-
HUI CTaH 1 MIIHICTh 3arajbHOl TOBIIUHUA OOOJIOHKH, CITIBBIHOIIEHHS TOBIIUH M€-
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TAJIEBOTO 1 KOMITO3UTHOTO MIapiB. [TokazaHo, 1o macTuyHe AeopMyBaHHS BHYT-
PILIHBOTO CTAJIEBOTO MIAPY MOKE CYTTEBO MOKPAIyBAaTH MIIIHICTh METAIOKOMIIO-
3UTHHX IWJIHJPIB 1 10 BOHA 3aJI€KHUTH B MEPIIY YEPry BiJ Mei MIIHOCTI KOMIIO-
3WTa HA PO3TAT B pajiaJbHOMY (TOBIIMHHOMY) HAMpPsIMKY. JloBeIeHO, IO MIIHICTh
METAJOKOMIIO3UTHUX IMJIH/PIB, OCOOIMBO TOBCTOCTIHHUX, YK€ UyTIHBA 10 XBH-
JHOBUX e(eKTiB. MaroTh MiCIle BHUITAJKH, KOJIH 3a ICAKOTO CITiBBIHOIICHHS MIapiB
B BimHOCHY Macy 3apsny ¢ (a oTke 1 abCOMIOTHY Macy 3apsity M) MoKHA 30UTBIIHI-
TH OiJIbIlle, HIXK BJIBIYi, HE MOPYIIYIOYH IPH IbOMY BUMOT MIIIHOCTI; B TOH K€ Yac
npu BigxwuieHHi  Bcboro Ha 1,5% Bij po3IiIsiHYTOrO, 32 AAHOI &, IMUIHIAD Oyzae
pYWHYBaTHUCH.
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STUDY OF THE INFLUENCE OF THE THICKNESSES AND MATERIALS OF THE
LAYERS ON THE STRENGTH OF METAL-COMPOSITE CYLINDERS UNDER AN
INTERNAL EXPLOSIVE LOAD

The effect of the metallic layer thickness and materials of the layers on the stress-strain state
and strength of metal-composite cylinders of total constant thickness under internal dynamic
pressure produced by the explosion of a charge uniformly distributed along its axis in air at
the constant total-to-running charge mass ratio £ was numerically investigated. The strength
of the cylinders was evaluated by the generalized Mises criterion. It is numerically and ana-
Iytically proved that the strength of circularly reinforced cylinders from the composites of
low tensile strength in the isotropy plane is primarily governed by the wave processes ac-
ross the shell width and, as a consequence, by radial and axial tensile stresses, viz the lar-
ger they are, the lower the strength. Circumferential tensile stresses, on the contrary, imp-
rove the strength in most cases, i.e., only strengthen the structural element and increase the
safety margin. It is shown that the plastic deformation of the inner steel layer can significan-
tly improve the strength of the metal-composite cylinder and that it depends primarily on the
limit of the tensile strength of the composite in the radial direction. The strength of metal-
composite cylinders is proved to be very sensitive to the wave phenomena along the radial
coordinate. Sometimes at a certain ratio of layers f (about 0.7), the charge mass ratio &
(and hence the absolute charge mass M) can be increased more than twice without deterio-
ration of the strength requirements, while the f deviation by only 1.5% from that at given &
would lead to the cylinder fracture.
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