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4. Npobaembl KOMNBbIOTEPHOIO KOHCTPYUPOBAHMUSA
MaTeEPUANOB C MEPAPXNYECKON CTPYKTYPOM

components — mojnenb TEC). PaccMarpuBas mccneayemblidi MaTtepuail B o0mactd (a3oBOro
mepexoja Kak cMech (a3 HU3KOro ¥ BBICOKOTO JaBieHus, mojenb TEC mo3Bosser
JIOCTOBEPHO OIHACHIBaTh, B TOM 4YHCIIe, B 00JacTh momuMopdHoro ¢azoBoro mepexona [3].
PesynbTathl MosierpoBaHus TO3BOJISIIOT OMKCHIBATH TEPMOJIUHAMUYECKUE TapaMeTpbl CMECH
B TOM 9YHCJIE C KOMIIOHCHTAMH, WCHBITHIBAIOIIMME (a30BBIA TIEPEXOJl MPH BBICOKHX
JUHAMUYECKNX Harpy3kax. J[7s pacuera yqapHO-BOJHOBOTO BO3JCUCTBUS Ha TaKUe CMECH
UCIIONB3YIOTCS ~ TapaMmMeTpbl  YpaBHEHHMsI  COCTOSIHUSL ~ TOJBKO WX  KOMITOHEHTOB.
[Ipenmonaraercs, 4uro Hayano (ha30BOTrO IMepexoia KOMIOHEHTOB MPH YyAapHO-BOJTHOBOM
Harpy>XeHUU IIPOUCXOIUT MPHU TEX )K€ MapaMeTpax, YTO U B UUCTHIX BEIIIECTBE.

Hanuuue sxcneprMeHTaNbHBIX TJAHHBIX TTO3BOJIMIIO OLIEHUTH JOCTOBEPHOCTH PACUETOB C
Y4eTOM TIPEANOJI0KEeHUH, HUCIOIb30BABIIMXCS B MoJieau. Pe3ynbrarsl MoJieTupoBaHUs
XOpOIIO COOTBETCTBYIOT W3BECTHBIM JAHHBIM DPA3IMYHBIX aBTOPOB, IOJIYYCHHBIM Ha
OCHOBaHWH DKCIIEPUMEHTOB ]ISl KBapIla, HUTPUJIOB, BUCMYTa, TpaduTa, a TaKxkKe JUIsl cMeceit
KBapla ¢ pa3m4yabiMu Matepuaiamu [3]. Ilokazano, uyto ™monens TEC mo3Bosser
MOJICJIUPOBATh  TEPMOJMHAMUYECKHAE  TMapaMeTpbl CMeceid TMpU  YJApPHO-BOJHOBOM
Harpy>KeHWH, TpPH 3TOM B COCTaB UCCIEAYEeMON CMeCH MOTyT BXOJHUTHh HECKOIHKO
KOMITOHCHTOB, HWCIIBITRIBAOIUX (a30BBIi  TiepexoJl. PacueTHble TepMOJIMHAMHUYECKUE
napaMeTphl COOTBETCTBYIOT JAHHBIM, OIpPENEJICHHBIM HAa OCHOBAHHH JKCIIEPUMEHTOB JIJIS
cmecn AIN ¢ oxcumom maraus MgO, a Taxoke st emecH Si3N4 ¢ Opomumom kamust KBr.

[TomydeHHble pe3ysbTaThl MOKA3BIBAIOT MEPCIEKTUBHOCTh UCIOJIB30BAHUS MaTepHUasioB
¢ (a30BBIM TIEPEXOJIOM B BHUAY TOTO, YTO OHHU JAIOT BO3MOXKHOCTh H3MEHSTH 3HAYCHUS
TeMIepaTypbl B Oojiee IMUPOKOM JHAana3oHe 3HAYCHUU, pacHIupsis o0JacTh JOCTHIKUMBIX
TEPMOJIMHAMHUYECKUX ITapaMeTpOB
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PLASTIC DEFORMATION NUCLEATION IN ELASTICALLY LOADED
CuNi ALLOY DURING NANOINDENTATION
Kryzhevich D.S., Korchuganov A.V., Zolnikov K.P., Psakhie S.G.
Institute of Strength Physics and Materials Science SB RAS, Tomsk, Russia,
National Research Tomsk State University, Tomsk, Russia

Nowadays the production of different micro- and nanoelectromechanical systems is
being actively developed. Many components of such systems while in operation are in
mechanical contact with each other. Understanding the mechanisms of their interaction on the
atomic scale is important for improvement of mechanical properties of available systems and
for development of new ones. Along with experimental research, computer simulation of the
behavior of materials during nanoindentation has been actively developed in the last decades.
In the context of the foregoing, the objective of the present work is the study of the features of
nucleation and development of plastic deformation in previously elastically deformed CuNi
crystallites during nanoindentation. The many-body potential in approximation of the
embedded atom method was used to describe the interatomic interactions in simulated
samples. The calculations were performed using the LAMMPS package. Identification of
structural defects was conducted by common neighbor analysis.
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Simulation showed that the plastic deformation under uniaxial tension of the crystallites
begins to nucleate at the free surface. It was found that the character of the nucleation of the
plastic deformation depends on the stoichiometric composition. So, the extrinsic and intrinsic
stacking faults are formed at the nucleation of plastic deformation in the crystallites with
small concentrations of nickel. The twinning mechanism starts to make sufficient contribution
to plasticity at high concentrations of nickel. Threshold values of deformation for pure copper
and nickel are significantly different. Since the CuNi alloy is a solid solution, it can be
expected that the threshold deformation will change in proportion to the concentration of the
elements. Indeed, the threshold deformation is almost linearly dependent on the concentration
of the second element.

Based on the obtained threshold values of deformation, four values were chosen for
each concentration of nickel, including zero and close to the threshold. The results of
simulation showed that the threshold value of indentation, at which plastic deformation begins
to nucleate, decreases with increasing elastic pre-stretching of copper samples. This behavior
at nanoindentation is also characteristic for CuNi alloys and pure nickel. As in the case of
uniaxial tension, stacking faults are formed in the indented crystallites. It should be noted that
at small values of the elastic pre-stretching, the defect nucleation occurs in the region where
indenter contacts with the crystallite. However, in the case of elastic pre- stretching close to
the threshold value, the region of defect nucleation is shifted. The attraction of the contact
zone to indenter results in a distortion of a neighboring region and leads to the appearance of
excess stresses. As a result, the structural defects begin to nucleate in distorted region. The
formed defect structure in this case is more complex than for small elastic pre-stretching.
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Selective laser melting (SLM) is the metal additive manufacturing technology that
employs a laser beam to heat and melt a bed of powder to produce metal parts of highly
complex geometries in a layer-by-layer fashion. Given that SLM is a complex multiphysical
process, it is a challenge to understand processing-microstructure-property relationships in a
material so produced. In this work, a two-dimensional numerical analysis of the evolution of
grain structure observed during SLM and of the mesomechanical behavior of additive
manufactured specimens is performed.

Cellular automata finite-difference (CAFD) model is developed to simulate the
evolution of grain structure. A heat equation is solved with the use of the classical FD
scheme. The CA model for the simulation of microstructural evolution is based on the
approach put forward by Rappaz and Gandin. The double ellipsoid heat source model is
adopted to describe the heat input during SLM process.

The process of selective laser melting is simulated as follows. First, the polycrystalline
steel substrate is generated. Then a powder layer is deposited on the substrate and is locally
melted by the laser beam, which moves in a certain predetermined way. On laser irradiation
and cooling of the powder layer, another powder layer is deposited on the resulting solid
structure and the procedure is repeated until a predetermined number of layers is reached.

Then the resulting microstructure is cut off from the substrate and subjected to uniaxial
tension. An elastoplastic constitutive model including isotropic strain hardening is used to
describe the mechanical response of additive manufactured specimens on the mesoscopic
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