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AHOTAIIS

Osuaposa H.IO. CkiHUE€HO-€IEMEHTHUN aHall3 MIBUAKICHOTO Je(QOopMyBaHHS
3aXMCHUX €JIEMEHTIB MaIlIMHOOYIIBHUX KOHCTpyKik. — Ksamidikamiiina HaykoBa
npais Ha TpaBax PyKOIMHCY.

Hucepraiiss Ha 3700yTTS HAYKOBOTO CTYIEHsS KaHIWJaTa TEXHIYHMX HayK 3a
cuemanphicTio 05.02.09 - auHamika Ta winHicth MamuH (133 — ramysese
MalIMHOOYyBaHHs). — HalioHampHMIA TEXHIYHUN YHIBEpCHTET «XapKiBChKUN

MOJIITEXHIYHUIN THCTUTYT» MiHICTEpPCTBA OCBITH 1 HAyKH Y Kpainu, Xapkis, 2017.

EneMeHTH CyyacHHMX KOHCTPYKII 4YacTO MpaliolTh B YMOBaX YJIapHOIO
HaBaHTaXeHHsA. lle npuramMaHHO eJeMeHTaM TPaHCIOPTHUX 3aco0iB, 30Kpema
aBlalllifHOI Ta KOCMIYHOi TEXHIKH, a TaKOX OOJIaJHAaHHIO Cy4YacHUX e(EKTUBHUX
TEXHOJIOTTYHUX ITPOIIECIB.

AHani3 mpoleciB MBUIKICHOTO JehOpMyBaHHS IiJl [I€I0 JIOKAJIbHOTO Ta
IMITYJIbCHOTO HaBaHTaXEHHS MOTPeOye BUKOPHUCTAHHS JAMHAMIYHHUX XapaKTEPHUCTHUK
Martepiany, SKi 3aliexkaTh Bl MBUAKOCTI Aedopmarii. [Ipouecu mBHAKICHOTO
nedopMyBaHHS MPOXOAATh AK B MPYXKHINA, Tak 1 B IJIACTHUYHIM CTadil 1 4aCTKOBO
CYIIPOBOKYIOTBCSL TOCUTh BEJIMKUMH JAedopmaiisiMu. 3 MaTeMaTH4YHOI TOYKU 30pY
Taki 3aJadl € CYTTEBO HENMIHIWHMMHU, Ta MOTPEeOYIOTh aHali3y TPUBUMIPHOTO
JUHAMIYHOTO Hanpy>XeHO-1e(OpMOBAHOTO CTaHY.

VY 3B’S3Ky 3 UM aKTyaJbHUM € MUTaHHS PO3pOOKM MaTeMaTHYHOI MOl
npolecy IMBUAKICHOTO JedOpMyBaHHS €JIEMEHTIB KOHCTPYKIIA B MPYKHO-
IUTACTUYHIA CTafll 3 ypaXyBaHHSIM JIMHAMIYHUX BJIACTUBOCTEW MaTepiaily, a TaKoxX
po3poOKa peKOMEHAAIlid IoJ0 3a0e3NeUYeHHsT JUHAMIYHOI MIIHOCTI €JICMCHTIB
KOHCTPYKI[IM IPH JIOKATBHOMY Ta YJapPHOMY HaBaHTA>KEHHSX.

Merta mociiKeHHS - BU3HAYEHHS JUHAMIYHOTO HAIPY>KEHO-Ie(hOpPMOBAHOTO

CTaHy 3aXHMCHHUX €JIEMEHTIB MAaITMHOOYIBHUX KOHCTPYKIIM MpU IMIYJbCHOMY Ta
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yIapHOMY HAaBaHTAKEHHAX IS 3a0€3MEUEHHS iX €QEKTUBHOIO BUKOPUCTAHHS NpHU
eKCIUTyaTallll, y TOMYy YHUCJIl B €EKCTPEMAIIbHUX YMOBAX 1 3 MOIIKOPKEHHIMU

Jl51s nOoCATHEHHSI TOCTABJICHOT METH HEO0OX1THO BUPIIIATH HACTYITHI 3a/a4i:

1. AHani3z niTepaTypHUX [DKEped 3a TEMOK JucepTalli Ta BHU3HAYEHHS
OCHOBHUX HaNpPSIMKiB JOCII>KEHHSI.

2. Po3pobka TeopeTHMUHHMX NIAXOAIB 1O PO3pPaXxyHKY IIBHUJIKICHOTO
nedopMyBaHHS MaITMHOOYIIBHUX €JIEMEHTIB KOHCTPYKITIH.

3. Po3B’s13aHHs TECTOBHMX 3a/1ay, NEpeBipKa JTOCTOBIPHOCTI Ta aJ€KBATHOCTI
3aMpONOHOBAHMX M1XO1B, OOTPYHTYBaHHS BUOOPY (DI3UYHUX CITIBBITHOIICHbD.

4. BusBiieHHA 0COOJMBOCTEH AMHAMIYHOIO HAMPY>KEHOrO0 CTaHy EJIEMEHTIB
peaJbHUX KOHCTPYKIIM 1 po3poOKa MpakKTUYHUX PEKOMEHAIlil 13 3a0e3rnedeHHs
IXHBOI JUHAMIYHOI MIIHOCTI.

OO'eKT HOOCHIIPKEHHS — TMpPOIEC IBHUIAKICHOTO JehOpMYBAaHHS I MAI€I0
JIOKQJIBHOTO YAAPHOTO M IMITyJIbCHOTO HABAaHTA>KEHHS.

[Ipeamer mochimkeHHs — AUHAMIYHA MIIHICTh €JIEMEHTIB KOHCTPYKIINA Mpu
JOKAJIbHOMY yJIapHOMY HaBaHTaXCHHI.

Metonu nmocmimkenas. g  po3poOKuM  MareMaTH4HOI Mojeni  Oynu
BUKOPHUCTAaHI METOJM MAaTEeMaTHYHOTO MOJCIIOBAHHS HaNpyKeHO-1e(hOpPMOBAHOTO
CTaHy €JEMEHTIB KOHCTPYKIIA TpH JIOKAJbHOMY YAApPHOMY HaBaHTaXXEHHl, 3
ypaxyBaHHSM JMHaMIYHO1 jAedopMaiiitHoi Teopii twtactuuHocTi. [l aHamizy
JUHAMIYHOTO HAIPYKEHOTO CTaHy €JIEMEHTIB KOHCTPYKLIM TpH JIOKaJIbHOMY
yIapHOMY HaBaHTa)XCHHI BUKOPUCTOBYIOTHCS YHCEIIbHI METOH, 3aCHOBAH1 HA METO/TI
CKIHYCHHX €JIEMEHTIB.

VY nuceptariiitHiii poO0TI HaOyJIM MOJANBIIOTO PO3BUTKY PO3PAaXyHKOBI MO
TPUBUMIPHOTO IIBHAKICHOTO TMPY>KHO-TUIACTUYHOTO JeQOpPMyBaHHS €JIEMEHTIB
TPAaHCIOPTHOTO Ta EHEPreTUYHOro MAIIMHOOYIyBaHHS, SKI  BIAPI3HAIOTHCS
BpaxyBaHHSM JIMHAMIYHHMX BJIACTUBOCTEM MaTepiajiB, IIO0 JO3BOJISIE OTPUMYBATH
YTOYHEHI pe3yNbTaTH i1 OIIHKKM MIIHOCTI MpH YIApHUX Ta IMITYJIbCHUX

HaBaHTAXCHHAX,
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- BIIEpIIIE OTPHUMAaHI 3aJIEKHOCTI PO3MOAUTY HAINpPYy>XeHb B MIBUIKOCTI yAapy
3a TPOCTOPOBUMM Ta YaCOBUMHU KOOPJAMHATAMH B €JIEMEHTAaX KOHCTPYKIIA B
eIeMEHTaX KOHCTPYKIIiH, SKI JOCHIKYIOThCS 3 PI3HMX MaTepiamniB, sKi
BIJIPI3HSAIOTHCA YITKUM BH3HAYCHHSIM 30H 13 BHUCOKHMMH TPAJI€EHTaMH HaIpPYXEHb 1
nedopmariiii, Mo JT03BOJIUIO OTPUMATH OOTPYHTYBAHHS JJI MOOYIOBU TTOKPAIICHUX
PO3pPaxyHKOBHUX CITOK;

- BIIEpIIIC BUSBJICHI HOBI OCOOJIMBOCTI MPOIECY MIBUJIKICHOTO AehOpMYyBaHHS
JUISL €JIEMEHTIB KOPIYCIB Ta30TYpOIHHUX JIBUTYHIB MPHU JOKAJIbHUX HABAHTAKEHHSX,
0 Ha BIJIMIHY BiJl ICHYIOYHX JI03BOJISIIOTh BU3HAYUTH YTBOPEHHS KpaTepiB Ta
JOCTIANTH TIPOIIEC PO3BAHTAXEHHS 3 BUHUKHEHHSAM 3aJIMIIKOBUX HANpPYXEHb Ta
TOIIIKO/IKEHb;

- BU3HAYCHI HOBI 3aKOHOMIPHOCTI PO3MOJIUTY HaIpy>KeHb Ta nedopmariiii B
TPUIIAPOBOMY €JIEMEHTI JJIsl OKPEMUX IIapiB B 3aJIEKHOCTI B1Jl IIBUJKOCTI yIapHUKA,
0 J03BOJIWIO C(HOPMYJIIOBATH TMPAKTHYHI PEKOMEHJAIlli M0 XapaKTepUCTUKaM
3aXMCHUX €JIEMEHTIB JIESTKOOPOHBLOBAHOT TEXHIKH.

PesynbraT  JOCHIPKEHb  JO3BOJIAIOTH  BUSBUTH JUHAMIYHY  MIIHICTh
KOHCTPYKIIIHHUX €JIEMEHTIB CY4YacHOI TEXHIKH IiJ JI€I0 JIOKAJIBHOTO YJIApHOTO
HaBaHTaXCHHA. Pe3ynbTraTh 3HAWNUIM BUKOPUCTAaHHA Ta BIPOBAKCHHS TPHU
BU3HAYEHHI JUHAMIYHOI MILIHOCTI OOJUIIOBAHHS TPAHCHOPTHHUX 3acO0IB (Cy4aCHHUX
JIOKOMOTHUBIB), TIPU YAAPHUX HABAHTAKEHHAX KOPIYCIB Ta30TypOIHHUX JIBUTYHIB,
komrpecopiB Ha JII HBKI' «3ops-Mammnpoekt» Ta 3MKB «llporpecy, mio
HIATBEPHKYETHCS IOKyMEHTAIBHO.

B aucepramii mpoBeaeHO orisi poOIT B SKUX 3aKJIaJieHI OCHOBH (Di3UYHHX
MoJiesiel 1 aHajli3y MpoILeCiB MBUAKICHOTO Je(hOpMYBaHHS €JIEMEHTIB KOHCTPYKIIIH.
HaBeneno BiioMOCTI mpo Ppi3HI MOAENI IMBUAKICHOTO MNPYKHO-TUIACTUIHOTO
nedopMyBaHHS Ta iX po3BUTOK. [[aHO omuc ocobnuBoCTel nedopMyBaHHS MaTepiainy
OpU IHTEHCUBHOMY IMIYJbCHOMY HABaHTa)XCHHI TaKUX SIK: LIMPOKUN [lama3oH
IHTEHCHUBHOCTI ~ HallpyX€Hb,  BUCOKAa  MIBUAKICTh  3MIHM  HAaBaHTaXCHHS,;

HECTAI[IOHAPHUM XapakTep HampykeHo-aedopmoBaHoro crany. [IpoegeHo anamis
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pe3ynbTaTiB TEOPETUYHUX Ta EKCIEPUMEHTAIBHUX JOCTIKEHb K BITYU3HSIHUX, TaK 1
3aKOpPJIOHHUX aBTOPIB.

B poGoTi o0oOrpyHTOBaHO HEOOXINHICTh BHUKOPHUCTAHHS TPUBUMIPHHUX
MaTeMaTUYHUX MOJIeNeH JUIsl aHali3y JWHAMIYHOTO HaIpyKeHO-1e(hOpMOBaHOIO
CTaHy KOHCTPYKIIMl y BHMAAKy il JOKaJIbHUX yAapHUX HaBaHTaXeHb. [lokazaHo
0COONMBOCTI MOOYAOBU CKIHYEHHO-EJIEMEHTHUX MOJENeH AJisl 3a7a4l MIBUJIKICHOTO
nedopMyBaHHS €JIEMEHTIB KOHCTPYKI[IH B yMOBax Jii JIOKJIbHUX YAApHUX
HaBaHTaX€Hb. B poOOTI BUKOPUCTOBYETHCS JUHAMIYHUI BapiaHT TEOpIi MIACTHUHUX
nedopmartiii. HaBeneHi piBHSHHS 1711 KOMIIOHEHT HANpY>K€Hb, K1 BU3HAYAIOTHCS B
3QJIEKHOCTI BiJ cTamli gepopmyBaHHs (mpyxkHa a0 NPYXKHO-IJIACTUYHA), Ta
Bij0OpakatoTh (Gi3uuny HemHiHHICTh 3anadi ([Texunwu, [Tipca, Jxoncona-Kyka.). V
pa3i IHTEHCUBHUX JIOKAJIbHUX HABAHTAXKCHb MPUITYIIEHHS PO MATICTh MEPEMIIICHb 1
nedopmariii HenpuiiHsaTHO. HaBeneHo 3aiexHOCTI JjIsi CKIHUYEHHHMX jaedopmaliii i
NepeMIIICHb, SIKI B1I0Opa)Kal0Th T€OMETPUYHY HEJIHINHICTD 3a1a4i.

YucenbHl pO3paxXyHKHM BHUKOHYIOTHCS 3a JOMNOMOIOI METOAY CKIHYEHHHX
€JIEMEHTIB, SIKMH BpaxoBye crenudiky gaHoro mpouecy. B auceprarii HaBeneHi
TECTOBI PO3PAXYHKH JJII BU3HAYCHHSI HAIIPYXKEHO-Ae(OPMOBAHOTO CTaHy €JIEMEHTIB
OpyU  yAapHOMY HaBaHTaXeHHI. OTpuMaHl 4YHCEIbHI pe3yJbTaTH MPY>KHO-
TUTACTUYHOTO Je(OPMYBAaHHS UJTIHAPUIHOTO yIAPHUKA TPH B3a€MO/IIT 3 a0COIIOTHO
YKOPCTKOIO MEPEIIKOAOKO.

3anns OLIHKKA JOCTOBIPHOCTI MOJENl TPOBENCHO MOPIBHSIHHS YHCEIbHHUX
PE3yNBTATIB BIUIMBY yAAPHOI XBUJIl HA MJIACTUHY 3 PO3PI30M 3 €KCIIEPUMEHTATLHUMU
JTaHUMH, iK1 oTpuMaHi B [HcTuTyTi Mexaniku HAH VYkpainu. [lokazano ocobauBocTi
ne(OpMOBAHOTO CTaHy IUIACTUHU TMOOJM3Y BEPIIMHU pO3pi3y, Y3I0BXK OeperiB
po3pi3y 1 Ha KOpAOHAxX >XOpPCTKOro 3amemicHHs. [lokazana mgoOpa BIATOBIIHICTH
YUCEJIbHUX 1 EKCIEPUMEHTAIbHUX pe3yJbTaTIiB Y3/J0BXK JIIHIM, fKi pO3TallOBaHi
o013y BEPIIMHU PO3PI3Y Ta BHILE BEPILIMHU PO3PI3y.

Po3rnsHyTo BIJIMB ypaxyBaHHS JAWHAMIYHUX BJIACTHBOCTEH Ha PO3BUTOK
Ipolecy  IBHUJKICHOTO  MPYKHO-IJIACTUYHOTO  Ae(OPMYBaHHS  €JIEMEHTIB

KOHCTPYKIIA TpU IHTEHCUBHUX yJapHUX HaBaHTAKEHHAX. [l MOpiBHSIHHS
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PO3IIISIIA€ThCA BIUIMB YJapHUKA Ha MPSMOKYTHUHN €JIEMEHT CTajJeBOi KOHCTPYKIIIT 13
3aJIaHOI0 MIBUJKICTIO MIPU PI3HUX CIOCO0AX ypaxyBaHHS JTUHAMIYHUX BJIACTHUBOCTEU
matepiany. CrpobOa BuUpINTyBaTH 3a7ady B TPYXKHIA TMOCTAHOBI MPU 301TBIICHHI
IHTEHCUBHOCTI ~HABaHTaXCHHS MPU3BOAUTH O 3aBHUINECHHS MaKCHUMAaJIbHHUX
Hanpy>XeHb MPU 3aHKEHIN OLIHII TMepeMilieHb. PO3risHyTO MpakTHYHYy 3a7ady
BU3HAUEHHS  HAIpPYXEHO-IehOPMOBAHOTO  CTaHy  e€leMeHTa  OOJHUIFOBAaHHS
TPaHCIOPTHOTO 3aco0y Mpu il UWIHAPUYHOTO ynapHuka. [IpoBemeHo anami3
BIUIMBY JIOKQJIbHOTO YJAPHOTO HABAHTAXKEHHS, IO Ji€ MiJ PI3HUMH KyTamu, Ha
IIOJIOTUH €JIEMEHT OOJIMIIOBAHHS TPAHCIOPTHOIO 3aco0y. BusiBneHo KyTu yaapy npu
SKUX BUHUKAIOTh MaKCHMallbHI HampykeHHs. [IpoBeeHO MOpiBHSHHS Hampy>KeHO-
ne(hOpMOBAHOIO CTaHy €JEMEHTIB KOHCTPYKIIiH, BUKOHAaHUX 3 PI3HUX Marepiaiis,
JIUISL OITIHKM HEOOX1THOT JUHAMIYHOI MIITHOCTI €JIEMEHTIB MPH 3aJjaHii TOBIIHHI 1 Ba3i.

PosrnsHyTo psa mpakTUYHHX 3alad  aHaNi3y HampyXeHO-Ie(hOpMOBAHOTO
CTaHy €JIEMEHTIB KOPITyCy Ta30TypOIHHOTO JIBUTYHA MPHU YJApPHOMY HaBaHTaKCHHI,
Kl BIAPI3HSAIOTHCS ~ MPU3HAYCHHSIM, TEOMETPUYHUMU  OCOOJIHMBOCTSIMH  Ta
BJIACTUBOCTSIMU MatepianiB. [loka3aHo, 10 B JeSKHUX BHUMAIKaxX IepeBara HaJaeThCs
JBOILIAPOBUM KOHCTPYKIIsIM, TOMY IO BOHHM Kpallle YHUHSATh OIIp YyAapHUM
HAaBaHTAXEHHSAM, HDK OJIHOIIAPOBI 3 OLIBIIO TOBIIMHOIO 3 TOrO X MaTepiaiy.
BusznaueHo  0COOJMBOCTI  Hampy>KeHO-Ie(pOPMOBAHOTO  CTaHy  JABOIIApPOBOTO
METaJIOMOJIIMEPHOTO KOJieCa CHUJIOBOI XBHJIbOBOI Tepenadi. PO3MISIHYTO OMIpHICTH
TPUIIAPOBOTO €JEeMEHTa 3 JBOX TOHKHMX WIapiB TUTaHOBOro cmiaBy Ti6Al4V 1
cepeaHboro kepamiuHoro mapy. IlokazaHo, 110 TpuIIapoBa KOHCTPYKLIA J00pe
YUHUTHh OMIp yJapHUM HaBaHTaXEHHAM. OTpuMaHi 3aKOHOMIPHOCTI PO3BUTKY
MaKCUMaJIbHUX JWHAMIYHMX HamlpyXeHb Yy BEPXHbOMY IIapi 3 TUTaHy 1 B
KepaMI4HOMY IIapi B 3aJIE)KHOCTI BiJ] IIBUIKOCTI yAApy.

Kntouosi cnosa: mBunkicue nepopMyBaHHs, yIapHi HaBaHTXKEHHS, TUHAMIYHI
BJIACTUBOCTI MarepiaiiB, HaMpyXeHO-AePOPMOBAHUIA CTaH, METOJ] CKIHYCHHHX

€JIEMEHTIB, IPY>KHO-TUIACTUYHI JedopMallii, TPUBUMIPHI MOJIEIII.
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ANNOTATION

Ovcharova N.Yu. Finite element analysis of high-rate deformation of protective
elements of machine-building structures. — Qualification scientific work with the
manuscript copyright.

The thesis for a candidate of technical science degree in speciality 05.02.09 —
Dynamics and Strength of Machines (engineering sciences), 133 - sectoral
mechanical engineering. — Kharkov National University «Kharkov Polytechnic
Institute» Kharkiv, 2017.

In the thesis, the actual scientific and technical problem of determining the
dynamic stress-strain state of the protective elements of machine-building structures
under impulse and shock loads is solved to ensure their effective use during
operation, including under extreme conditions and with damages.

Elements of modern constructions often work under the action of shock loads.
This is inherent in the elements of vehicles, in particular aviation and space technic,
as well as the equipment of modern efficient technological processes. Analysis of the
processes of high-rate deformation under the action of local and impulse loads
requires the use of dynamic properties of materials, which depend on the rate of
deformation.

The processes of high-speed deformation occur both in the elastic and in the
plastic stage and are partially accompanied by rather large deformations. From a
mathematical point of view, such problems are essentially non-linear and require
analysis of a three-dimensional dynamic stress-strain state.

In this connection, the actual issue is the development of a mathematical model
for the process of high-rate deformation of structural elements in the elastoplastic
stage, taking into account the dynamic properties of materials, as well as
recommendations for ensuring the dynamic strength of structural elements under

local and shock loads.
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The aim of the study is to determine the dynamic stress-strain state of the
protective elements of machine-building structures in the case of impulse and shock
loads to ensure their effective use, including under extreme conditions and with
damages.

To achieve this aim, it is necessary to solve the following tasks:

1. Analysis of the literature on the topic of the thesis and determine the main
directions of research.

2. Development of theoretical approaches to the calculation of high-rate
deformation of machine-building elements of structures.

3. Solving test tasks, checking the authenticity and adequacy of the proposed
approaches, justifying the choice of physical relationships.

4. Detection of features of the dynamic stressed state of elements of real
constructions and development of practical recommendations for ensuring their
dynamic strength.

The object of investigation is the process of high-rate deformation under the
action of local shock and impulse loading.

The subject of the study is the dynamic strength of structural elements under
local shock loading.

Methods of research. To develop a mathematical model, methods were used to
simulate the stress-strain state of structural elements under local shock loading,
taking into account the dynamic deformation theory of plasticity. To analyze the
dynamic stress-strain state of structural elements under local shock loading,
numerical methods based on the finite element method are used.

In the thesis there are further development of calculation models of three-
dimensional high-rate elastic-plastic deformation of elements of transport and power
engineering, which differ in view of dynamic properties of materials, have been
further developed; this allows obtaining refined results for assessing the strength at
impact and pulse loads;

- for the first time the stress distribution obtained for the dependences of

impact velocity on spatial and temporal coordinates in the elements of constructions
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in the structural elements, which are investigated from different materials, are
distinguished by a clear definition of zones with high gradients of stresses and
deformations, which allowed to obtain a substantiation for the construction of
improved gride;

- for the first time, new features of the process of high-rate deformation for
elements of the gas turbine engine corps at local loads were discovered, which, in
contrast to the existing ones, allows us to determine the formation of craters and to
investigate the process of unloading with the emergence of residual stresses and
damages;

- the new patterns of distribution of stresses and deformations in the three-layer
element for certain layers were determined depending on the speed of the projectile,
which allowed to formulate practical recommendations on the characteristics of the
protective elements of light-armored machinery.

The results of the investigations make it possible to reveal the dynamic strength
of the structural elements of modern technology, under the action of a local shock
load. The results were applied and implemented in the determination of the dynamic
strength of lining vehicles (modern locomotives), shock loads of gas turbine engine
corps, compressors at Gas Turbine Research & Production Complex Zorya-
Mashproekt and Ivchenko-Progress State Enterprise, which is documented.

In the thesis a review of the works in which the foundations of physical models
and analysis of the processes of high-rate deformation of structural elements are laid.
Data on wvarious models of high-rate elastic-plastic deformation and their
development are presented. A description is given of the deformation features of the
material under intense pulsed loading such as: a wide range of stress intensity, a high-
rate of load variation under intensive loading, the nonstationary nature of the stress-
strain state. The results of theoretical and experimental studies of both domestic and
foreign authors are analyzed.

The necessity of using three-dimensional mathematical models for the analysis
of the dynamic stress-strain state of structures in the case of local shock loads is

substantiated in the work. The features of the construction of finite element models
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for the problem of high-rate deformation of structural elements under the action of
local shock loads are shown. The thesis uses a dynamic version of the theory of
plastic deformations. The equations given for stress components are determined
depending on the stage of deformation (elastic or elastoplastic), and reflect the
physical nonlinearity of the problem (Perzyna, Pierce, Johnson-Cook). In the case of
intense local loads, the assumption of small displacements and deformations is
unacceptable. Dependencies are presented for finite deformations and displacements,
which reflect the geometric nonlinearity of the problem.

Numerical calculations are performed using a variant of the finite element
method, which takes into account the specifics of this process. The thesis provides
test calculations for determining the stress-strain state of the elements under impact
loading. The numerical results of elastic-plastic deformation of a cylindrical impactor
when interacting with an absolutely rigid obstacle are obtained.

To evaluate the reliability of the model, the numerical results of the impact of a
shock wave on a plate with a cut are compared with experimental data, obtained at
the Institute of Mechanics of the National Academy of Sciences of Ukraine. The
features of the deformed state of the plate near the tip of the cut, along the edges of
the cut and at the boundaries of rigid pinching are shown. A good correspondence of
the numerical and experimental results along the lines located near the top of the cut
and above the top of the cut is shown.

The influence of dynamic properties of materials on the development of the
process of high-rate elastic-plastic deformation of structural elements under intense
shock loads is considered. For comparison, the effect of impactor on rectangular
element of a steel structure with a given speed is considered, in various ways of
taking into account the dynamic properties of material. The attempt to solve the
problem in an elastic formulation with increasing intensity of the load leads, as
expected, to a higher maximum stresses with a low estimate of displacement.

The practical problem of determining the stress-strain state of the vehicle lining

element under the action of a cylindrical impactor is considered.
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The analysis of the effect of a local shock load acting at different angles on the
gently sloping element of the vehicle lining is carried out. The angles of impact at
which the maximum stresses appear are revealed.

The stress-strain state of structural elements made of various materials is
compared to evaluate the necessary dynamic strength of elements for a given
thickness and weight.

A number of practical problems of analyzing the stress-strain state of the
elements of the gas turbine engine corps under shock loading are considered which
differ in the purpose, geometric characteristics and properties of the materials. In
some cases, preference is given to two-layer structures, since they resist shock loads
better, than single-layer ones with a larger thickness of the same material.

Specific features of the stress-strain state of a two-layer metal-polymer wheel
of a power wave transmission are determined.

The resistance of a three-layer element of two thin layers of a titanium alloy
Ti6AI4V and an average ceramic layer is considered. It is shown that the three-layer
construction is well resists impact loads. The regularities of the development of the
maximum dynamic stresses in the top layer of titanium alloy and in the ceramic layer,
depending on the impact speed are obtained.

Key words: high-rate deformation, impact loads, dynamic properties of
materials, stress-strain state, finite element method, elastic-plastic deformation three-
dimensional model.
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