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HeaguabdaTuyeckasi JTMHAMUKA aTOMOB M 3JIEKTPOILIACTHYECKHI IPPeKT B
MeTaJL1ax

I0.A. Xou

Wnctutyt pusuku npounoctu u matepuaiosenenus CO PAH, Tomck, 634055, Poccust

ONeKTpOIIacTHIECKUM 3 PEKTOM Ha3bIBACTCS PE3KOE CHIDKECHHE 1e(OPMHUPYIOLIET0 HAMPSIKEHHS METAIIIOB
10J AEHCTBHEM HMITYJIbCA 3JIEKTPUYECKOTO TOKa. MEXaHH3M 3JIEKTPOIUIACTHIECKOro 3¢ (eKTa 10 CHX MHop
OCTaeTCsl HESICHBIM, HA OAMH W3 NPEIJIOKECHHBIX HE OOBICHACT COBOKYITHOCTh 3KCIIEPHMEHTANIBHBIX JTaHHBIX. B
paboTe mpeasokeH HOBBIM MEXaHH3M OJJIEKTPOIUIACTUYECKOro d¢deKkra B MeTaiax, ONpeAesIeMblil
aTepPMUYECKHMU CMEILCHUSIMH 3aKPETUICHHBIX TUCIOKAlMI Py HeaanabaTHYecKuX nepexozax aromoB Jlannay—
3uHepa B OTKPBITON CHCTEME SAep U 3JIEKTPOHOB. [IpoxoxaeHne NMIyJbca 3JIEKTPUIECKOro TOKa MPUBOAUT K
JOTIOJTHUTENbHBIM CMEIICHHSIM aTOMOB BO BCeM oOBeMe 00pasma, YBEIMYHBAET CKOPOCTh aTePMHUUYECKHUX
CMELICHUH JMCIIOKAlWi, MOBBIIIAET CKOPOCTh IUIACTHYECKOW aedopMalyM, YTO NPUBOAUT K MAJACHHIO
nedopmupytomero HampsokeHus. Jlaetcss oObsicHeHHe HaOMI0JaeMbIM JKCIIEPHMEHTAIBHO 3aKOHOMEPHOCTSIM
JIEKTPOIIACTUYECKOH JIeopMannu.

Kniouegvie crnosa: snexkrpomnactuueckuii 3¢ ¢GexT, OTKpbITast CUCTEeMa, HeauadaTnieckas JMHAMUAKa aTOMOB,
aTepMUYECKHE CMEIICHHS

Nonadiabatic dynamics of atoms and electroplastic effect in metals
Yu.A. Khon

Institute of Strength Physics and Materials Science, Siberian Branch, Russian Academy of Sciences, Tomsk, 634055 Russia

The electroplastic effect is a sharp decrease in the deformation stress of metals under the action of an electric
pulse. The mechanism of the electroplastic effect is still unclear. There is no explanation for the accumulated
experimental data. In this paper, we propose a new mechanism of the electroplastic effect in metals, which is
governed by athermal displacements of pinned dislocations during nonadiabatic transitions of Landau—Zener
atoms in an open system of nuclei and electrons. The electric pulse action causes additional displacements of atoms
in the specimen volume, increases the velocity of athermal displacements of dislocations and the plastic strain rate,
which leads to a drop in the deformation stress. An explanation is provided for the experimental pattern of
electroplastic deformation.

Keywords: electroplastic effect, open system, nonadiabatic dynamics of atoms, athermal displacements
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Biansinue pacciioeHuss MaTEPUAJIOB ¢ HU3KOM CABUIOBOM NPOYHOCTHIO HA
NMPOLECC Pa3pyUICHUsI M Pe3yJIbTAThl HCNIBITAHUN HA TPEXTOYECYHbIH U3TH0

A.B. Xoxnos'?, C.H. I'anemmues®, b.1. Atanos’, B.W. Opinos>

! HUU mexanuxku MI'Y umenu M.B. Jlomonocosa, Mocksa, 119192 Poccus
2 MocKoBCKHit IEHTp (yHAaMeHTalbHOIM U IIpuKIaaHoil MaTeMatuku, Mocksa, 119991 Poccus
? MucturyT ¢usuku tBeporo tena nM. F0.A. Ocunsina PAH, Yeproroinoska, 142432 Poccust

[IpuBencHBI NaHHBIC WCIBITAHUA HA W3THUO, WCCIEIOBAHIS MHKPOCTPYKTYPHI M TIOBEPXHOCTEH pa3pylICHHS
00pa3IoB ceMeicTBA HOBBIX OJHOHANIPABICHHBIX KOMIIO3HTOB C AQNIOMHHHEBOH MAaTpHUICH, apMHPOBAaHHOMN
YTIEpOIHBIMU BOJOKHAMHE, 00JIaJaroIINX MOBBIIMICHHON YIEIFHONH MPOYHOCTHIO 10 CPAaBHEHUIO CO CIDIABAMU U
BBICOKOW TPENIMHOCTOMKOCTBHIO M0 CPABHEHMIO C YTIIETJIACTHKAMH 3a CUET IeJICHANIPAaBICHHOTO (OPMHUPOBAHUS
JI0OCTaTOYHO ciaboro uHTEepdeiica Npu U3roTOBJICHUU. DTO JOCTUTAETCS JISTUPOBAHUEM MATPHUIIBI DJIEMEHTaMH,
BHJIOM3MEHSIONTUMU CJIOH KOHTaKTa BOJIOKHA C MAaTPHUIIEH U 00€CTIeYMBAIONTIMH €r0 HEBBICOKYIO MTPOYHOCThH Ha
CJIBUT, U ONTUMU3AIMEN NapaMeTpoOB ABYXCTaIUNHON TEXHOJOTUM U3roTOBIeHUA. MccienyeTcss BIUsHUE psala
1apaMeTpoB TEXHOJIOTMM M3TOTOBJIEHUS HA MHMKPOCTPYKTYPY, MEXaHUYECKHE CBOIICTBA M MEXaHU3MBI
paspylieHus pa3pabaThIBaeMbIX KOMIO3UTOB. QOCYKIAIOTCS OCOOCHHOCTH MEXaHM3Ma Pa3pyIICHUsI IPH U3ruode
MaTepHaJIOB C HU3KOH CABHTOBOH MPOYHOCTHIO M BIMSIHAE MX PaccioeHHs (KacKala pacciOeHHid) Ha cIieHapuit
pa3pyIIeHUs U CYIIECTBEHHOE CHI)KCHUE NMPOYHOCTH Ha PACTSHKCHUE, ONpENesIeMO B UCTIBITAHUAX Ha M3THO.
[pemmoxxeH crmocod ompeneneHHss OTHOIICHWS Ipeieita MPOYHOCTH Ha CABHT K IpeNelry MPOYHOCTH Ha
pacTsHKeHHE OJHOPOJHOTO W30TPOITHOTO MaTepHalia Mo JTaHHBIM UCIIBITAHHN 00pas3lloB Ha TPEXTOUCUHBIA U3THO
¢ pasHoii 6a3oii (mponetom). [Togxon pacpocTpaHseTcs ¥ Ha KOMIO3HUTHI ¢ HU3KOH MEXCIOWHOW IPOYHOCTHIO, B
YaCTHOCTH Ha pa3pabaThIBacMbIC YIIICATIOMIHHEBBIC KOMITO3UTHI.

Kniouegvle cnosa: xpuBasi CUIA-NPOTHO, BIMSIHUE KaCATENbHBIX HANPSOKEHUH, PACCIOCHHS, KIIPOYHOCTh TPH
U3rude», «MOIyJb YIPYTOCTH TPH U3THOE», TPEIUHOCTORKOCTh, KOMIIO3UTHI, KEPaMHKa, YTIEPOJIHbIE BOJOKHA,
OJTHOHATIPABJICHHbIE KOMITIO3UTHI C aJJIOMUHHEBOI MaTpUIlel, ropsiuee MpeccoBaHNe



Effect of Delamination of Low Shear Strength Materials on Fracture and
Test Results under Three-Point Bending

A.V. Khokhlov!?, S.N. Galyshev®, B.I. Atanov>, and V.I. Orlov?

!Institute of Mechanics, Lomonosov Moscow State University, Moscow, 119192 Russia
2 Moscow Center of Fundamental and Applied Mathematics, Moscow, 119991 Russia
3 Osipyan Institute of Solid State Physics, Russian Academy of Sciences, Chernogolovka, 142432 Russia

The paper reports on bending tests, microstructural studies, and fracture surfaces of specimens made of new
unidirectional composites with the aluminum matrix reinforced with carbon fibers. These composites have
increased specific strength compared to alloys and high crack resistance compared to carbon plas-tics due to the
targeted formation of a sufficiently weak interface during their production. This is achieved by alloying the matrix
with elements modifying the fiber-matrix contact layer and providing its low shear strength, as well as by
optimizing the parameters of the two-stage production technology. The problem under study is the influence of
some production parameters on the microstructure, mechanical properties, and fracture mechanisms of the
developed composites to find their optimum values ensuring higher strength and crack resistance. Consideration
is given to the fracture mechanism of low shear strength ma-terials under bending and the effect of their
delamination (delamination cascade) on the fracture scenario and a significant decrease in the tensile strength
revealed in bending tests. It is shown that delamination in the loaded zone has an avalanche-like pattern, causing
a very rapid increase in normal stresses and the number of fibers under the maximum stress, i.e. the initiation of
numerous fracture sites and rapid frac-ture of the entire specimen in the cross-section under load. The data of three-
point bending tests on spec-imens with different span distances were used to propose a method for determining
the shear strength-to-tensile strength ratio for a homogeneous isotropic material. The approach is also applicable
to various composites with low interlaminar strength, in particular, to the carbon-aluminum composites.

Keywords: force—displacement curve, effect of shear stresses, delamination, bending strength, bending
modulus, crack resistance, composites, ceramics, carbon fibers, unidirectional aluminum-matrix compo-sites, hot
pressing
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DopMHUPOBAHUE CTPYKTYPHI €CTECTBEHHOI0 KOMIO3uTa B ctaau lagduabaa
NPH CBEPXBbICOKOH MJIacTH4YecKoii Jepopmanun. Yacts 1

B.A. Illa6amos', K.A. Koznos!, H.B. Karaesa'

'"Mucturyt Qpusukn Metawios umenn M.H. Muxeesa YpO PAH, Exatepun6ypr, 620108 Poccus

B xnaccuueckoit cramu andunpaa (Fe—13Mn—1.1C) ¢ ucnonb30BaHHEM CBEPXBBICOKOH ILIACTUYECKOM
neopMalui BIEPBbIC MOKa3aHO (DOPMUPOBAHHME AYCTEHHTHOTO €CTECTBEHHOIO KOMIIO3WMTA, YIPOUYHCHHOTO
HaHopa3MepHbIMU Kapounamu (Feigo—xMny)3C. YCcTaHOBIEHBI MEXaHNU3M U KUHETHKA MPOIECCOB TUHAMHYECKOTO
Ie(OpPMAMOHHOTO CTapeHHsl CTald B YCJIOBHSX BO3ACHUCTBHS CIBHUTOM IIOJ JaBJICHHEM B HAKOBAJIbHIX
Bpumxmena. [TokazaHo aHOMaTBHOE YCKOPEHUE TPOIIECCOB JUHAMUIECKOTO Ne(OPMAIMOHHOTO CTAPEHHS CTAIIH
¢ oOpa3zoBanmeM HaHOpa3MepHBIX KapOumoB (Fejoo—xMny);C mpH yBEeNHYCHHH CTEHNCHH W TEMIIEPATypHI
negopMarum.

Kurouesvie cnosa: cranp [amdumnpna, mractudeckas aedopmarusi, naBieHHe, (ha3oBBIE MpPEBPAICHHSA,
KapOupl, MeccOayIpOBCKasi CIIEKTPOCKOIIHS

Formation of a Natural Composite Structure in Hadfield Steel under
Superplastic Deformation. Part 1

V.A. Shabashov', K.A. Kozlov', and N.V. Kataeva'

! M.N. Mikheev Institute of Metal Physics, Ural Branch, Russian Academy of Sciences, Yekaterinburg, 620108 Russia

An austenitic natural composite structure reinforced with nanosized carbides (FeiooMny)3C was first formed
in classical Hadfield steel (Fe—13Mn—1.1C) under superplastic deformation. The mechanism and kinetics of
dynamic strain aging of the steel under shear deformation in Bridgman anvils were revealed. With deformation



and temperature, the steel demonstrates an anomalous acceleration of dynamic strain aging with the formation of
nanosized carbides (Fe00-Mn,);C.

Keywords: Hadfield steel, plastic deformation, pressure, phase transformations, carbides, Moessbauer
spectroscopy
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DopMUpOBaHUE IUCIIEPCHO-YIIPOYHEHHOM CTPYKTYPHI B cTtaau laapuiabaa
npu GpuUKUMOHHOM Bo3aeiicTBuu. Yacth 2

B.A. IlIa6amos', K.A. Koznos!, H.B. Karaepa', A.E. 3amaToBckuii

! MuctutyT dusuku metamnos umenn M.H. Muxeesa YpO PAH, Exarepun6ypr, 620108 Poccus

Metonamu MeccOay’pOBCKON CHEKTPOCKONHH W JIJIEKTPOHHOW MHUKPOCKONHMM HCCJEeOBaHA TPaJMeHTHAs
CTPYKTypa TIOBEPXHOCTHBIX CJIO€B cTanu [andunbia B YCIOBUSX CYXOTO TpPEHHUS CKOJbXKEHUs. B 30He
KOHTaKTHBIX HaNpsDKCHWH Ha TOBEPXHOCTH CTajd YCTAaHOBJIEHBI CTPYKTYpHO-(a30BbIe TMEPEXOAbl: B
MMOBEPXHOCTHBIX CJOAX ~ 20 MKM HaOmI0JaeTcss MHIYIHPOBAHHOE AedopMarideit OJrbKHee YMOpsIOYeHHue C
YBEIMYECHUEM YHCIIa COCEJICTB aTOMOB MapraHiia u yriepoga. B 0onee ToHkuX ciosx 10 1 MKkM GopmupyeTcs
CTPYKTYypa HaHOKpHCTAITHYecKuX Kapoumos tuma (Fe,Mn);C.

Ktouesvie cnosa: crans [Nanduinbaa, iactTiudeckas nedopmanus, TpeHue, (pasoBbie IpeBpamieHus, KapOuIbL,
MeccOayIpOBCKasi CIIEKTPOCKOTIHS



Formation of a dispersion-hardened structure in Hadfield steel under
friction. Part 2

V.A. Shabashov', K.A. Kozlov', N.V. Kataeva', and A.E. Zamatovskii'
! M.N. Mikheev Institute of Metal Physics, Ural Branch, Russian Academy of Sciences, Yekaterinburg, 620108 Russia

The gradient structure formed in the surface layers of Hadfield steel under dry sliding friction was studied
using Moessbauer spectroscopy and electron microscopy. Structural-phase transitions are established in the contact
stress zone on the steel surface. The 20-um-thick surface layers reveal strain-induced short-range ordering with an
increased number of neighboring manganese and carbon atoms. Thinner (up to 1 um) layers are composed of
nanocrystalline carbides of the (Fe,Mn)sC type.

Keywords: Hadfield steel, plastic deformation, friction, phase transformations, carbides, Moessbauer
spectroscopy
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Bausinue cTpyKTypHO-()a30BOro cCOCTAaBa HA MEXaHUYEeCKHE CBOMCTBA U
0MO0COBMECTUMOCTh HAHOCTPYKTYPUPOBaHHOTO ciiaBa Ti-15Mo

B.B. IMTonsikosa!, C.A. T'aruna!, K.M. H0pr30132, H.IO. Auucumosa’, M.A. KuceneBckuii?,
H.A. Exukees'

! JTaGopaTopHst METAUIOB M CIUIABOB MPU SKCTPEMATBHEIX BO3/IEICTBHSIX,
VYdumckuii yHUBEpCUTET HayKH U TexHoJoruii, Y da, 450008 Poccus
2®I'BY «HMMI] onxonoruu um. H.H. Broxuna» Mun3apasa Poccun, Mocksa, 115522 Poccust

[TpoBeneHo wuccienoBaHHWE BIMSHMS MHTCHCHBHOW TuiacTmueckoil nedopmaunu kpydenuem (MITJK) na
ocoOeHHOCTH (a30BBIX IPEBpALCHUH M CTPYKTypooOpa3oBaHWe B MceBIO [(-TuTaHOBOM cruiaBe Ti-15Mo
(mac. %), a TaKkKe W3y4YeHa 3aBUCHMOCTb MOXYJs yNpyrocth E W MeXaHHYECKHX  CBOWCTB
HaHOCTPYKTYPUPOBAHHOTO CIUIaBa OT TeMIeparypbl crapeHuss B uHTepBaje 250-600 °C. BeigBieHo, yTo
HAHOCTPYKTYpUpPOBaHHE IIPH KOMHATHOW TemIieparype a0 ypoBHs gedopmannu no Musecy €~200 3akaieHHOTO
Ha B-pactBop cruiaBa Ti-15Mo npuBomuT K (JOPMHPOBAHUIO B HEM OJHOPOAHONW MHUKPOCTPYKTYPBI C BBICOKOH
IUIOTHOCTBIO JIE(DEKTOB M pasMepoM CTPYKTYpHbIX dneMeHToB MeHee 100 HM. dopMupoBaHne HaHOCTPYKTYpPbI
obecrieumio B criase Ti-15Mo moBeiieHHe BpeMeHHOTO conpoTuBiieHus o Ha 80 % (op= 1550 MIla, 6 =7 %)
[0 CPaBHEHUIO C AHAJOTHYHBIMH MOKA3aTeSIMH COCTOSIHHS CIUIaBa, 3aKaJICHHOTO Ha [-TBEPHABIA pacTBOD.
[Toxa3zano, uto mocie crapeHus cruiaBa Ti-15Mo B 3akajieHHOM U Je(OpPMHUPOBAHHOM COCTOSIHUSX TPOUCXOAMT
M30TEPMHUUYECKAN pacma MeTacTabMIbHOTO [-TBEpPAOTO pacTBopa ¢ oOpa3oBaHHeM ® W o-(pasbl. Bbricokas
IUTOTHOCTH JIe(eKTOB HAHOCTPYKTYPHOTO CIIJIaBa IIPUBOJUT K CMEIICHHIO TEMIIEPaTypPHOTO HHTEPBAaJIa BBIACICHI
gacTuil o-(ha3sl B 00JacTh Oosiee HU3KuX Temreparyp (B cpeaneM Ha 120 °C), a Takke OKa3bIBaeT 3HAYUTEIHHOE
BJIMSHHE Ha 00BEMHYIO JI0JII0 M MOP(OJIOTHIO BBIJIETICHHUS YaCTHI] 0-(ha3bl, KOTOpast XapaKTepHU3yeTCsl pPABHOOCHOH
¢dopmoii, o cpaBHeHHIO ¢ Mop¢oJoruei o-(asbl Urop4YaTON reOMETPUH, BBIIEISIONICHCS TPH CTApEHUH B
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3aKaJeHHOM KpYITHO3epHHCTOM cocTostHuu cruiaBa. [locme crapenus 600 °C B nedopMHUpOBaHHOM CIUIaBe
(dbopMupyeTcsi paBHOOCHas 0-+f-CTPYKTypa CO CpPeIHHM pa3MepoM CTPYKTYPHBIX 3j1eMeHTOB 380 HM. AHaiu3
MEXaHWYECKUX CBOMCTB IIOCIE CTapeHWs MOKa3al, YTO BBICIEHHE JUCIEPCHBIX 4YacTHI] ®-(asbl 1aer
3HAUUTEJBbHBIA BKJIQJ B JIUCIEpCHOHHOE TBepaeHue Ti-15Mo, NPUBOAMT K 3HAYUTEIHHOMY MOBBILICHHIO
3HAYEHHs] MUKPOTBEPIOCTH Ha 50 % 10 CpaBHEHUIO C 3aKaJEHHBIM U 1e()OPMUPOBAHHBIM COCTOSIHHEM, U C TOUKH
3peHMs] MaKpPOMEXAaHMUYECKOTO IIOBEACHMS SBISETCA NPUYMHON OXpymumBaHHsA ciuiaBa. DopmupoBaHuEe
PaBHOOCHOM o+f3 CTPYKTYpBI, TTOy4YeHHON WHTCHCHUBHOH IIACTHYECKON AedopMary KpydeHHEM U CTapeHHEM
mpu 550 °C crmocoOcTByeT AOCTIKEHHIO COATAaHCHPOBAHHBIX IO MPOYHOCTH M IDIACTUYHOCTH MEXaHHYECKIX
cBoiictB (op = 1270 MIla, 6 =10 %). M3meHeHne CTpPyKTypHO-()a30BOTO COCTaBa M COOTHOIIECHHA (a3
obecrieynBacT HEMOHOTOHHOE TIOBEICHUE YIIPYTUX XapaKTepHUCTHK cruiaBa Ti-15Mo. M3ydenne Onomornaeckon
aKTHBHOCTH I10Ka3ajo, 4To cruiaB Ti-15Mo B KpYITHO3EpHHCTOM M HAHOCTPYKTYPHOM COCTOSIHUM HE MPOSIBIISIET
LIUTOTOKCUYHOCTH 1IN Vitro OTHOCHTENIFHO JIGHKOLUTOB KPOBHM, 4YTO IO3BOJIIET OTHECTH 3TH 00pasmbl K
O6uocoBMecTuMbiM. OJHaKO B HAaHOCTPYKTYPHBIX oOpa3nax HaOJI0AaIoch WHTEHCHBHOE TOPMOXKEHHE
MOBEPXHOCTHOM aaresun OakTepuid S.aureus, 4YTO TOTEHIMAIBHO MOXET CHU3UTH PHUCK DPa3BUTHUS
MIOCTXUPYPTrUUECKUX NH(EKIIMOHHBIX OCJI0KHEHHH 1TOCIIe UMIUIAHTAI[MH OPTOIEINYECKIX METANIOKOHCTPYKIIUH
Ha OCHOBe 00paboTraHHOro Takum ob6paszom cmasa Ti-15Mo.

Kniouegvie cnosa: f-TNTaHOBBIN CIUIaB, HAHOCTPYKTYPHBIC MaTepHaibl, KPyUCHUE IO/ BEICOKMM JABICHUEM,
(a3oBHIi cocTas, nehopMaIIMOHHOE MTOBEICHIE, ONOJIOTHYECKasi aKTHBHOCTh

Effect of the structural-phase composition on the mechanical properties and
biocompatibility of nanostructured Ti-15Mo alloy

V.V. Polyakova!, S.A. Gatina', K.M. Novruzov?, N.Yu. Anisimova’, M.A. Kiselevskii?, and
N.A. Enikeev!

! Ufa University of Science and Technology, Ufa, 450076, Russia
2N.N. Blokhin National Medical Research Center of Oncology, Moscow, 115522 Russia

The paper is concerned with the effect of severe plastic deformation by torsion (SPDT) on phase
transformations and structure formation in near- titanium alloy Ti-15Mo (wt. %) as well as with the dependence
of the elastic modulus E and mechanical properties of the nanostructured alloy on the aging temperature in the
range 250—-600 °C. It is revealed that room-temperature nanostructuring of the p-quenched Ti-15Mo alloy to the
von Mises strain e~200 results in a homogeneous microstructure with a high defect density and the size of structural
elements less than 100 nm. Formation of the nanostructure ensures an 80 % increase in the ultimate strength og of
the Ti-15Mo alloy (o = 1550 MPa, & = 7 %) compared to that of the B-quenched alloy. It is shown that, after aging
of the quenched and deformed Ti-15Mo alloy, the metastable B-solid solution experiences isothermal
decomposition with the formation of the ® and a phases. The high defect density of the nanostructured alloy shifts
the temperature range of the o-phase precipitation to lower temperatures (by 120 °C on average) and has a
significant effect on the volume fraction and morphology of a-phase precipitates. The latter have an equiaxed
shape compared to the needle-like o phase, which precipitates during aging of the quenched coarse-grained alloy.
After aging at 600 °C, an equiaxed o+f structure with the average size of structural elements 380 nm is formed in
the deformed alloy. Analysis of the mechanical properties after aging showed that the precipitation of dispersed
o-phase particles makes a significant contribution to precipitation hardening of Ti-15Mo alloy, significantly
increases the microhardness (by 50 %) compared to the quenched and deformed alloy, and can be considered as a
macromechanical cause of embrittlement of the alloy. The formation of an equiaxed a+f structure during SPDT
and aging at 550 °C contributes to a balance between strength and ductility (og = 1270 MPa, & =10 %). The
change in the structural-phase composition and phase ratio ensures a nonmonotonic behavior of the elastic
characteristics of the Ti-15Mo alloy. The study of the biological activity showed that the Ti-15Mo alloy in the
coarse-grained and nanostructured states does not exhibit in vitro cytotoxicity to blood leukocytes, which makes
these specimens biocompatible. However, the nanostructured specimens demonstrate an intense inhibition of the
surface adhesion of S.aureus bacteria, which can potentially reduce the risk of postsurgical infectious
complications after implantation of orthopedic metal structures based on the Ti-15Mo alloy in the studied state.

Keywords: [-titanium alloy, nanostructured materials, high-pressure torsion, phase composition, deformation
behavior, biological activity
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K nuMKIn4eckoi BA3KOCTH Pa3pylIeHUs ¢ MO3ULNN PU3UKU U MEXAHUKU
pa3pyLieHust

JL.P. BorBuna', M.P. Trotun'?, K. Prasad?
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B pabote mpoananuzupoBaHa CTaJUHHOCTb M KMHETHYECKHE OCOOCHHOCTH POCTA YCTAJIOCTHOW TPEIIMHBI.
Ocob60e BHUMaHHUE Y/ICJICHO BTOPOi CTAaIUU YCTAJIOCTHOIO Pa3pyIICHHUs, COCTOsIIEH 13 NBYX momodmacteit — Il,
u Ily. [pennoxen napamerp, K03GPUIUSHT NHTEHCUBHOCTH HANPSDKEHUH Ks, ONPENeNIOIUi TpaHuIly MEX Ty
HUMH, COOTBETCTBYIOIIUH AIMHE s TPEHIMHBI CTA0MIBLHOI'O POCTa B YCIOBHUSX IUIOCKOIC(HOPMHPOBAHHOTO
COCTOSIHUS U XapaKTepU3YIOLUUH UKINYECKYIO BA3KOCTh pa3pylieHus. [IpennonoxeHo, 4To 3HaueHUE apaMeTpa
Ks otBewaer KOA(hOUIMEHTY WHTCHCHBHOCTH HANpsHKeHUH Kgy, OLCHCHHOMY IO IMKINYECKOMY IpEaeiry
TEKYYECTH M JJIMHE OYaroBOW YCTAJIOCTHOM TPELUMHBL. Y BEJIWYEHHE pa3Mepa IJIaCTUYECKOH 30HBI B BEPIUMHE
TPEIIMHBl M TEpPEXOA K IUIOCKOHAMPSDKEHHOMY COCTOAHMIO INpu K > Kg NPUBOAMT K H3MEHEHHIO psaa
3aKOHOMEPHOCTEHN YCTaJIOCTHOIO pa3pyLIEHHUs], B TOM YHCJE, K IOSBICHUIO EPETOMOB Ha 3aBUCUMOCTSX OT Kmax
mapaMeTpoB aKyCTHYECKOW IMHCCHH, WHTCHCHBHOCTH (Da30BBIX MNpPEBPAICHHN B METAcTAaOWIBHOW CTalmum U
PacCTOSIHAS MEXIy YCTAIOCTHBIMH OOpO3IKaMH: TOCHE JOCTIKEHHS Ks POCT YCTallOCTHOW TPEUIHMHEI
MIPOUCXOUT TI0 MEXaHU3MY «Oopo3ka 3a 1uKi». Kpome Toro, nmokasaso, uto 3HaueHue K = Ks COOTBETCTBYET
TOYKEC MOBOPOTA JUarpaMm pocta TpCIiuHbI, IOCTPOCHHBIX IJId CTAJIH, HUCIIBITAHHOM B YCIOBUAX CMCUIAHHBIX MO/JT
Harpy>KeHHUsL.

Kniouesvie cnosa: MexaHnka pa3pylIeHHUs, HIUKIHYECKas BA3KOCTh Pa3pyLlICHNS, IUKIMIECKOe HaTrpyKeHHUe,
POCT YyCTaJIOCTHOM TPELIUHBI

On the cyclic fracture toughness parameter, Ks, from the standpoint of
fracture physics and mechanics

L.R. Botvina!, M.R. Tyutin':2, and K. Prasad?
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2 Bauman Moscow State Technical University, Moscow, 105005 Russia
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The paper analyzes the stages and kinetic features of fatigue crack growth. Particular attention is paid to fatigue
stage II consisting of two substages, namely, 11, and II,,. The stress intensity factor Ky is proposed to determine the
boundary between them (corresponds to the stable crack length /s under plane-strain conditions) and to characterize
the cyclic fracture toughness. It is assumed that Ks corresponds to the stress intensity factor Kgy estimated by the
cyclic yield stress and the length of a focal fatigue crack. Enlargement of the plastic zone at the crack tip and the
transition to a plane-stress state at K > Ks change the fatigue fracture pattern, which manifests as knee points in
the Kmax dependences of acoustic emission parameters, phase transformation rate in metastable steel, and distance
between fatigue striations: after reaching Ks, the fatigue crack grows by the one-striation-per-cycle pattern. In
addition, it is shown that the value of K = K corresponds to the turning point of the crack growth curve plotted for
the steel tested in mixed loading modes.

Keywords: fracture mechanics, cyclic fracture toughness, cyclic loading, fatigue crack growth
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Pa3paborka mogenun ¢gecToHO0OOPA30BAHMS € Y4E€TOM
KPUCTALIOrpaduIecKON TEKCTYPbI JUCTOBOI0 METAJJIA IIPH
0CeCUMMETPUYHON BBITIKKE

SI.A. Epucos', @ B. I'peunukos'?, C.B. Cypynun'?, B.A. Pasxusun’,

E.B. Apsimenckuit’, C.B. Konopanos?

! Camapckuit yausepcutet, Camapa, 443086 Poccus
2 Camapckuii (eiepanbHbIif HecaenoBaTeNbCKHit enTp Poccuiickoit akagemMun Hayk,
Camapa, 443001 Poccust
3 Cubupckuii rocynapcTBeHHBIH HHIyCTpUANbHbIH yHUBepcuTeT, HoBokysuerk, 654007 Poccus

Pa3paboTana Mojenb, TO3BOJISIONIAs PACCUUTHIBATH (HECTOHOOOpa30BaHNE HA OCHOBE ()eHOMEHOJIOTHUECKOTO
KPUTEPHSI INTACTUYHOCTH C yUETOM KpHCTAIIOrpaduuecKoi TEKCTYphl MaTepHraiia IpH IITHHAPHIECKON BBITSKKE
METAJUINIECKUX MaTePHaJIOB. AJEKBATHOCTH MOJIENH ObIJIa IPOBEPEHA CPaBHEHNEM (DECTOHHCTOCTH, TIOTYIEHHON
B X0JI€ PAacU€TOB U OINPEICICHHON 3KCIIEPUMEHTAIILHO MOCIE BBITSHKKM aJIIOMUHHUEBOM 3aroToBKU. JlanbHeiiiee
MOJIEITMPOBAHHE ITOKA3aJI0, YTO OPUEHTUPOBKH AedopmanmonHoro tTuma ({112}<111>, {110}<112>, {123}<634>



n {100}<011>) BexyT k oOpazoBanuro (GpecToHOB mox yrioM 45° K HaNpaBJICHUIO NPOKATKH, 2 OPUEHTUPOBKH
pexpucraiumzanuontnoro tuna ({100}<001> un {110}<001>) — B HampaBJeHHH NPOKATKH W IONEPEIHOM
HampasieHun.  Kpucramnorpapuueckas — opuentupoBka  {110}<001> BemeTr K  MaKCUMaJIbHOMY
(ecToHo0OpazoBaHuio, a OpUEHTHPOBKA {123}<634> — k MUHMMaNIbHOMY. BO Bcex paccMOTpPEHHBIX Clydasix
BKJIaJ] IUIACTUYECKOH aHW30TPONHHU M aHWU30TPONHUH TIpejieia TeKyuecTH B (ecTOHOOOpa3oBaHUE MPAKTUUECKH
OJIMHAKOB C HEOOJNBUIMM NpeoliagaHueM BIMSHUS aHU30TPOIIMM Tpenena TeKydecTH. V3MeHeHue Xxapakrepa
(ecTOHOB MOKa3aHO Ha IMPUMEpE ABYXKOMIIOHEHTHOH TEKCTYpBI, COCTOSIIEH M3 OpUEHTHPOBOK {112}<111> n
{100}<001: ¢ yBenuueHneM 1011 opueHTUpoBKH {112}<111> ymeHnbpuiatorcs GpecToHbI B HAIPaBICHUH TPOKATKH
1 TIOTIEPEYHOM HaNpaBICHUH, PECTOHBI 00pa3yIoTCs Mo yrioM 45° K HalpaBJICHUIO MMPOKAaTKU. Takoe BIMIHUE
9THX OPHEHTHPOBOK IPUBOAMT K TOMY, YTO NpH Aose KommnoHeHTa {l112}<111> B 55-60 % mocturaercs
MUHUMAJIBHBIH KodQunueHT hecToHo0Opa3oBaHus.

Kniouegvie cnosa: ¢ectoHOOOpa3zoBaHWE, KpHCTaulorpadudeckas TEKCTypa, KPHTEPHH INTACTHYHOCTH,
QTIOMHUHUH, TAIHHAPAIECKAs BBITSKKA.

Development of an Earing Model with Consideration for the
Crystallographic Texture of Sheet Metal During Axisymmetric Drawing

Ya. Erisov!, F. Grechnikov!?, S. Suridin!?, V. Razzhivin',
E. Aryshenskii ®, and S. Konovalov *

!'Samara University, Samara, 443086 Russia
2 Samara Federal Research Center, Russian Academy of Sciences, Samara, 443001 Russia
3 Siberian State Industrial University, Novokuznetsk, 654007 Russia

This A calculation model is developed for earing during cylindrical drawing of metallic materials, which is
based on the phenomenological criterion of plasticity and takes into account the crystallographic texture of the
material. The model was verified by comparing the calculated earing defects with those observed in drawing tests
on an aluminum preform. Further simulation shows that deformation orientations ({112} <111>, {110}<112>,
{123}<634>, and {100}<011>) lead to earing at an angle of 45° to the rolling direction, while recrystallization
orientations ({100}<001> and {110}<001>) lead to earing in the rolling and transverse directions.
Crystallographic orientation {110}<001> gives maximum earing, while orientation {123}<634> leads to
minimum one. In all the cases, the contribution of plastic anisotropy and yield stress anisotropy to earing is almost
the same, with a slight predominance of the influence of the yield strength anisotropy. The earing pattern changes
in materials with a two-component ({112}<111> + {100}<001) texture: as the proportion of the {112}<111>
orientation grows, earing defects in the rolling and transverse directions are reduced, while they form at an angle
of 45° to the rolling direction. Considering such influence, the minimum earing coefficient is achieved at 55-60%
of the {112} <111> component.

Keywords: aluminum alloys, scandium, hafnium, heat treatment, atomic probe tomography, transmission
microscopy
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HUccaenoBanue Biausinus ragpuus Ha GopMupoBaHUEe MUKPOCTPYKTYPbI IPH
BBICOKOTEMIIEPATYPHOM TepMUYeCKO 00padoTKe aJJIOMHUHUEBBIX
BbICOKOMATHHEBBIX CILIABOB €O CKAHIMEBO-UMPKOHNEBBIM
MHUKPOJIETHPOBAHUEM
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B pabote uccrnenoBano BiusiHHE 100aBOK radHus Ha (GOPMHPOBAHHE MUKPOCTPYKTYPhI M MEXaHUYECKHUE
CBOMCTBA IPU BHICOKOTEMIEPATYPHOM OTXKHUI€ B AJIOMHUHHEBBIX BBHICOKOMATHHEBBIX CIUIaBaX CO CKaHIMEBO-
LIUPKOHHEBBIM MHUKpOJIETHMpoBaHUEeM. [ m3ydeHus OBIIM OTIMTHI ABAa OIM3KUX IO XUMHUYECKOMY COCTaBY
AMIOMHMHHUEBBIX CIUIaBa ¢ Jo0aBkaMu M 0e3 100aBok raduus. CrutaBel OBUIM MOJBEPTHYTHl TEPMHUYECKOH
o6pabotke mpu 440 °C ¢ Beiaepxkoit 48 4. JInTol u TepMudecky 00paboTaHHBII MaTepHall H3Y9IEeHBI C TOMOIIBI0
MEXaHWYECKHUX HCIBITAHUHM, a TakkKe TIIOCPEICTBOM ONTHYECKON CKAaHMPYIOIIEH W IPOCBEUYHBAIOIICH
MHUKpockormu. MccnenoBan cTpyKTypHO-()a30BBIA COCTaB IAaHHBIX CIJIABOB M IPOAHAIM3MPOBAHO BIHSHUC
rapHUs Ha MEXaHHYECKHe XapakTepucTHKH. Jlinst Ooniee AETanpbHOTO M3YYEHHWS BHYTPEHHEH CTPYKTYpHI
HaHouyacTul Al;Sc Obla IpoBeneHa aTOMHO-30HAOBas ToMmorpadus. MccnenoBaHus mokasanu, 4To B 000MX
CIUIaBax OTCYTCTBYET MpPEPBIBUCTHIN pacnaj IEepechIllEeHHOro TBepAoro pactBopa. Kpome Toro, ObuIo
00HapyKEHO, 4TO J00aBIICHUE raHUs MPUBOIUT K YMEHBIICHHUIO pa3Mepa HanodacTuil AlsSc. ITokazaHo, uTo
radHU AEMCTBYET CXOXKHUM C IUPKOHUEM 00pazoM, hopMupyst BOKpYT dacTul] AlzSc TepMoCcTaOUIN3UPYIONIYIO
000JI09Ky, YTO MPETOTBPAIAaeT POCT YaCTHUI] U AeJaeT X pacupeaeracHne 6oyee MEeIKOIUCTIEPCHBIM.

Kniouegvie cnosa: anioOMUHHMEBBIE CIUIAaBBl, CKaHIWH, TadHHUH, TepMooOpabOTKa, aTOMHO-30HIOBas
ToMOrpadus, IPOCBEYNBAIOIIAS MUKPOCKOIIHS.

Effect of Hafnium on the Microstructure Formation during High-
Temperature Treatment of High-Magnesium Aluminum Alloys
Microalloyed with Scandium and Zirconium
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The paper studies the effect of hafnium additives on the microstructure and mechanical properties during high-
temperature annealing of high-magnesium aluminum alloys microalloyed with scandium and zirconium. The
objects of investigation are two cast aluminum alloys alloyed and unalloyed with hafnium. The alloys are heat
treated at 440 °C for 48 h. The cast and heat-treated material is studied in mechanical tests, as well as under optical
scanning and transmission microscopes. The structural-phase composition of these alloys is detected, and the effect
of hafnium on the mechanical properties is analyzed. Atomic probe tomography is used for a more detailed
examination of the internal structure of Al3Sc nanoparticles. It is shown that both alloys lack discontinuous
precipitation of the supersaturated solid solution. The addition of hafnium decreases the size of AlszSc
nanoparticles. Like zirconium, hafnium forms a thermostabilizing shell around Al3Sc particles, thus preventing the
growth of particles and contributing to their fine dispersion.



Keywords: aluminum alloys, scandium, hafnium, heat treatment, atomic probe tomography, transmission
microscopy
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HccaenoBanne TMHAMUKY FOPU30HTAJIBHO MOJISIPU30BAHHBIX MONEPEYHbIX
BOJIH B COHABHY-CTPYKTYPaxX B paMKaX COIVIACOBAHHOM MOMEHTHOM TeoOpuM
YIPYIOCTH C Y4€TOM Pa3MePHOro napaMerpa

M. Kaur!, S. Kumar', V. Sharma?

! Nmxenepuo-Texundecknii mactutyt Tanapa, [atnana, [lenmxad, 147004 Vnaus
*TIpogeccronanbhpiii yansepcutet Jlapiu, [1xarapa, [Tenmka0, 144411 Unaus

CoHIBUY-CTPYKTYPBl C TOHKHUMH, KECTKUMU U TSDKEJIBIMU OOJIMIIOBOYHBIMHU IUIACTUHAMHU HCIIOJB3YIOT B
IpaXkJaHCKOM U a3pPOKOCMHUYECKOM MAIIMHOCTPOEHHH, B TO BpeMs KaK KOHCTPYKLUHU C TOJICTBHIMH, MSATKUMU U
JIETKUMH OOJIMIIOBOYHBIMH IUTACTHMHAMHU TPEINOYTUTENbHBl B KauecTBE OCAIUTENBHBIX IUIACTHH. M3yueHue
MIOBE/ICHHS TOPU30HTAIBHO MOJISIPU30BAHHBIX MONIEPEYHBIX BOJIH B COHJBHUY-CTPYKTYpaX MOXKET CIIOCOOCTBOBATH
paspabotke Gosee ynpyrux U 3p(QEeKTHBHBIX KOMIO3UTHBIX MAaTEpUAIOB C YIy4YIIEHHBIMH XapaKTepPUCTUKAMH B
YCIOBUSIX JUHAMHYECKOW Harpysku. IIpoBeneH aHaIW3 AMHAMHUYECKOTO MOBEACHHS CHMMETPHUYHBIX CIHIBHY-
CTPYKTYp C HCIIOJIb30BAHHEM COTJIACOBAaHHOW MOMEHTHOW MOJENH ynpyrocTy. [lomydeHs! pemeHns ypaBHEHHS
pacIpocTpaHEeHUs] TAPMOHMYECKHX BOJH B 00pa3max co CBOOOTHBIMH M (DMKCHPOBAaHHBIMH TPAHUIAMH IIPH
YCIIOBUH HENPEPHIBHOCTH HANPSIKEHUH W CMEIICHUH Ha HHTepdelcax MeXITy cepIleBUHON 1 O0INIIOBOYHBIMH
IUTACTUHAMH. AHAJIM3 MPOBE/IEH B PaMKaxX COTJIACOBAHHON pa3MEpHO3aBUCHMOII MOMEHTHON TEOPHH yIIPYTOCTH,
KOTOpasi YYMUTHIBAET MapaMeTp AIHMHBI (XapaKTEpHYIO UIMHY), UMEIOIINI TOT € MOPSIOK, YTO W BHYTPEHHSSA
MHUKPOCTPYKTypa MarTepuana. BrIBeeHBl AMCIEPCHOHHBIE COOTHOIICHHS PAacIpOCTPAaHEHHs T'OPU30HTAIBHO
MOJSPU30BAHHBIX ~ MONEPEYHBIX BOJH TPH CBOOOAHBIX UM  (DUKCHPOBAHHBIX TPAHUYHBIX  YCJIOBHSX.
Maremariyeckue pe3ysbTaThl MPEACTAaBICHB B rpaMueCcKOM BHIE VIS HAIJIAJHOTO MPEICTABICHUS BIUSHUS
XapaKTepHOW MJIMHBI M TOJIIMHBI CEPALEBUHBI M OOJHMIIOBOYHBIX IUIACTHH Ha (ha30BYI0 CKOPOCTh INpH
CUMMETPHUYHBIX U KOCOCUMMETPUYHBIX YCIOBHSIX.

Kniouesvie cnoea: TOPU30HTAIBHO TNOJIIPU30BAaHHBIC MONEPEYHBIC BOJIHBI, CIHABHY-CTPYKTYypa, MOMEHTHAs
TEOpHsl, XapaKTepHast JJINHA, CBOOOHAS TPaHMIIA, )KECTKO 3aKpeIyIeHHast TPaHuIla

Dynamics of horizontal shear waves propagating in size-dependent
sandwich plates using consistent couple stress theory

M. Kaur', S. Kumar'*, and V. Sharma?

! Department of Mathematics, Thapar Institute of Engineering and Technology,
Patiala, Punjab, 147004 India
2 Department of Mathematics, Lovely Professional University, Phagwara, Punjab, 144411 India

Sandwich structures with thin, stiff and heavy facings compared to the core are employed in civil and aerospace
engineering, while those with thick, soft and lighter facings are preferred in precipitator plate applications. Insights
gained into the behavior of horizontally polarized shear (SH) waves in sandwich structures can guide the design
of more resilient and efficient composites, enhancing their performance under dynamic loading conditions. The
dynamic behavior of a sandwich structure with symmetric facings is rigorously analyzed within the framework of
the consistent couple stress model of elasticity. Harmonic wave solutions are derived, provided that they satisfy
either traction-free or fixed boundary conditions on the faces, while maintaining continuity of tractions and
displacements at the interfaces between the core and facings. This analysis uses the size-dependent consistent
couple stress elasticity, which incorporates a length parameter (characteristic length) assumed to be of the same
order as the internal microstructures of the material. Dispersion relations for the propagation of SH waves are
calculated under both stress-free and fixed boundary conditions. Detailed mathematical results are provided,
accompanied by graphical illustrations that show the impacts of characteristic length parameters and thicknesses
of the core and facings on the phase velocity under both symmetrical and skew-symmetrical conditions.

Keywords: horizontal shear waves, sandwich plates, couple stress theory, characteristic length, stress-free
boundary conditions, rigidly fixed boundary conditions
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