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ONPEJEJEHUE D®®EKTUBHBIX CBONCTB
MATHUTOJIEKTPOYIIPYT'UX KOMITO3UTOB
C NIOJIMUMEPHOM MATPUIIEH 0-0-3 U 1-1-3 CBA3HOCTHU
HA OCHOBE KOHEYHO-23JIEMEHTHOI'O AHAJIM3A
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AnHoTanusa. CTpeMUTEIbHOE PA3BUTUE A/IUTUBHBIX TEXHOJIOTUH OTKPBIBAET HOBBIE TOPU30HTHI 11 CO3-
JaHus Tpex(azHbIX MarHUTONICKTPOYHPYTHX KOMIIO3UTOB CO CJIOKHOW ONTHMH3UPOBAHHOM MPOCTPAHCTBEH-
HOM apXHUTEKTYpoii. B HacTosieM recieioBanny pa3padorana, Bepu(UIMpOBaHa U IPUMEHEHa BHIYNCIUTEIb-
Hasl METO/IMKA TPEXMEPHOHW KOHEYHO-IJIEMEHTHOW TOMOTCHM3AIMU ISl TIPeJICKa3aHusl IMOJHOTo Habopa Ma-
KPOCKOIMYECKUX CBOWCTB TaKMX MarepuasioB. OOBEKTOM JIETaILHOTO HCCIICOBAHHS BBICTYIIMIA KOMITO3HTHI,
cocrosiue u3 mbesodnexrpuka (BaTiO,), neesomarnetnka (CoFe,0,) n casytomei MomMMepHOi MaTpHIIBL.
B ocHOBe npeiIo’KeHHOTO YHCIICHHOTO aJITOPUTMA JIEKHT aHaIN3 NPEICTaBUTEIBLHOTO 00BEMHOTO JIEMEHTA C
rpaHeneHTpupoBanHoii (cBs3HocTh 0-0-3) u crepxueBoi (1-1-3) apxurexrypamun 6e3 reoMeTpHUECKOTO TIepe-
KpBITHS (a3 IIPpH MCIIOIb30BAHUY TIEPHOMUYECCKUX TPAHUYHBIX YCIIOBHH U IIPOLEyphl ocpetHenus. M3-3a 3na-
YUTENFHOM Pa3HUIIBI YIIPYTHX MOAYJIeH KOMIIOHEHTOB ITPOUCXOAUT (POPMUPOBAHHE HENPEPHIBHOTO KapKaca 13
JKECTKUX NMb€30MarHUTHBIX YacTHIl. DTOT KapKac OJOKUpYeT nepeaady yrnpyroi nedopmariu k ooiee MIrkum
M30JIMPOBaHHBIM BKITIOUEHHSIM MbE3031EKTPHUKA, 3HAUUTEIBHO CHIXKAS MAKPOCKOMUUECKYH) MAarHUTOIEKTPH-
YeCKyI0 CBs3b. CTPYKTYpHBIN Mepexo K CTepKHEBOU apXUTeKType 1-1-3, HCKITIOUalomui moiuMep 13 1enu
riepeiady POIOIBLHOM HArpy3KH, TO3BOJISICT TIOBBICUTH MAarHUTOJIEKTPUIECKUH KOO (UIIMEHT KOMITO3HUTa Ha
1-2 nopsiaxa. IToctpoennsle HenuHeiHbIEe 3D-MOBEPXHOCTH MAKPOCKOMMUYECKOTO OTKJIMKA BBISBIISIOT ONTH-
MaJIbHBIE TOITOJIOTUYECKUE MTUKH, CYIIECTBEHHO CMEIICHHBIE B 00JIaCTh BEICOKMX CyMMapHBIX KOHIIEHTpaIni
akTHBHBIX (pa3. [ToydeHHbIC JaHHbBIE JEMOHCTPUPYIOT BaKHOCTD yueTa 3D-MHKpPOCTPYKTYpPBI TP MPOCKTH-
POBaHHMU MYJIBTH()EPPOUKOB U CO3/IAI0T TEOPETHIECKNE peKoMeHqannu uist 3D-neyary BEICOKOI(DPEKTUBHBIX
9JIEKTPOMArHUTHBIX TpeodpazoBaTeseli HOBOrO MOKOJICHHSI.

KiroueBnie ciioBa: MaFHHTOBHeKTpO}/prFI/Iﬁ KOMIIO3MT, TpeX(l)a?;HLIfI KOMITIO3HUT, KOHCYHO-3JICMCHTHAs
TOMOI'CHH3a1Ms, 3(1)(1)€KTI/IBHI)I€ KOHCTAHTBI, TOITOJIOI'HA BKJ'IIO"ICHI/II‘/'I, MaFHI/ITOBHCKTpI/I"ICCKI/Iﬁ OTKJIMK, aJgau-
THBHBIC TCXHOJIOTUH.

DETERMINATION OF EFFECTIVE PROPERTIES
OF MAGNETOELECTROELASTIC COMPOSITES
WITH POLYMER MATRIX OF 0-0-3 AND 1-1-3 CONNECTIVITY
BASED ON FINITE ELEMENT ANALYSIS

V.A. Chebanenko!, A.N. SolovievZ, A.V. Yudin'

Abstract. The rapid development of additive manufacturing opens new horizons for the creation of three-
phase magnetoelectroelastic composites with complex, optimized spatial architectures. In this study, we
develop, verify, and apply a computational method for three-dimensional finite element homogenization to

! MenepanbHblil HccnenoBareabekuii HeHTp FOxHBIN HayuHblil 1ieHTp Poccuiickoii akanemun Hayk (Federal Research Centre the
Southern Scientific Centre of the Russian Academy of Sciences, Rostov-on-Don, Russian Federation), Poccuiickas ®enepanus, 344000,
r. PoctoB-Ha-/lony, np. Uexosa, 41, e-mail: valera.chebanenko@yandex.ru

2 KpbhIMCKHI HHKCHEpHO-Tie[arornieckuii yuusepcurer nmern ®ersu SIky6osa (Crimean Engineering and Pedagogical University
named after Fevzi Yakubov, Simferopol, Russian Federation), Poccuiickas ®enepanus, 295015, Pecyonuka Kpeim, . Cumdepomnons,
niep. Y4eOHslid, 8

HAVKA IOT'A POCCHUM 2026 Tom22 Ne3



OIIPEJIEJIEHUE D®OEKTUBHBIX CBOMCTB...

predict the full range of macroscopic properties of such materials. The subject of this detailed study were
composites consisting of a piezoelectric (BaTiO,), a piezomagnetic (CoFe,0,), and a binding polymer matrix.
The proposed numerical algorithm is based on the analysis of a representative volume element with face-
centered (0-0-3 connectivity) and rod (1-1-3) architectures without geometric phase overlap using periodic
boundary conditions and an averaging procedure. It is established that, due to the significant difference in the
elastic moduli of the components, a continuous framework of rigid piezomagnetic particles is formed. This
framework blocks the transfer of elastic strain to the softer, isolated piezoelectric inclusions, significantly
reducing macroscopic magnetoelectric coupling. It is shown that a structural transition to a 1-1-3 rod
architecture, eliminating the polymer from the longitudinal load transmission chain, allows to increase the
composite’s magnetoelectric coefficient by one to two orders of magnitude. The constructed nonlinear
3D macroscopic response surfaces reveal optimal topological peaks, significantly shifted toward the region
of high total concentrations of active phases. The obtained data demonstrate the importance of considering
3D microstructure when designing multiferroics and provide theoretical recommendations for the 3D printing
of next-generation, highly efficient electromagnetic transducers.

Keywords: magnetoelectroelastic composite, three-phase composite, finite element homogenization,
effective constants, inclusion topology, magnetoelectric response, additive manufacturing.
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