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AHHOTanus. PaccMarpuBaroTCsl yCTAaHOBUBIIIKECS KOJICOAHUS MbE30aKTUBHOTO OuMopda ¢ PyHKIIHOHAIb-
HO-TPAJIMCHTHBIMH IbC303JICKTPUYCCKIMHU CIIOSIMH, OOJIQJTAIONIIMMHA HEOAHOPOIHBIMU CBOHCTBAMHU TIO TOJ-
e, PerieHsr npsiMast 1 oOpaTHas 3aaaund. Ha ocHOBE BapHAIlOHHOTO MPHHITUIIA TTOCTPOCHA MPUKIIATHAS
TEOpHsI KOJICOAHUH ISl KBaJPATUIHOTO PACIIPEICICHUSI CBOUCTB (MIOPUCTOCTH) IO TOJIIIMHE, 33/1a4a CBEICHA
K cHcTeMe OOBIKHOBCHHBIX TH(QEpPCHINATBHBIX YPAaBHCHUN ¢ TPaHUYHBIMU YCIOBHSIMHU. B Xome moctpoe-
HUS TCOPUU OBLIH MPUHATHI TUIIOTE3bI KupXxroda 11 MeXaHWIeCKHX moJiei. 111 3JeKTPHUUeCKOro Mmois ObLia
MpUHATA KBaJApaTHUHasl 3aBUCUMOCTh PaCpeIeIeHUs dJIEKTPUUECKOro MoTeHIrana no Tonmune. [lo nmune
AIIEKTPUYCCKUI MTOTCHITUAI CUNTAJICS HCM3BCCTHOM (PYHKIIMEH, 3aBUCSIIECH OT MPOI0IBHON KOOPAHHATHI. Mc-
M0JIb30BaHME KBAIPATUYHON 3aBUCUMOCTH PACHPEICNICHHUS AIEKTPUUECKOr0 MOTEHIMaa 10 TOIIIMHE MT03BO-
nsieT 0oJIee TOYHO OINMHUCATh MOBEJCHHE AIICKTPUICCKOTO IMOJIS B 33/ja4aX U3THOHBIX YCTOSBIINXCS KOJICOAHHH.
Ha ocHoOBe mosy4eHHOW TPUKIaTHON TeOpUH ObLIa pemicHa oOpaTHas KOd(pPUIIMECHTHAS 3a7a4a UIACHTH(H-
Kalli¥ ITapaMeTpoOB HEOITHOPOAHOCTH (IOPUCTOCTh B CEPEIMHE M HA TIOBEPXHOCTH OuMopda). B kauecTBe m0-
MTOJTHUTEIBHON HH(GOPMALINH JIJIsI PEIICHHsI 00paTHOW 3a7ja4r PacCMaTPUBAIUCh XapaKTCPUCTUKHA YCTAHOBUB-
muxcst Koyrebanuit onMopda, KOTOpbIe MOTYT OBITH U3MEPEHBI B HATYPHOM JKcriepuMeHTe. OOpaTHas 3aada
peuaiach Ha OCHOBE MOCTPOEHHUSI IOBEPXHOCTEHN U MX M30JMHHM 3aBUCUMOCTEN OT MapaMeTPOB MOPUCTOCTH:
MEePBOIl PE30HAHCHOI YaCcTOThI U3THOHBIX KOJIEOAHUH, BEIXOHOTO TOTCHIINAIIA IPH MEXaHIMUYECKOM BO30YKIe-
HUU KOJICOAHUH M aMIUTUTYIbI CMEIICHUS] CBOOOIHOTO KOHIIAa OMMOpda Mpu MEXaHUIESCKOM U 3JICKTPUICCKOM
BO30YKICHUU KojicOaHuid. BeiOpaHHOM HH(DOpMAIIMK TOCTATOYHO JIJIsl OJHO3HAYHOTO OIPECIICHHS CTPYKTY-
PBI HCOHOPOTHOCTH THE30AKTHBHOTO MaTepHalia B KIacce KBaJApPaTUYHbBIX (YHKIUI. VCroiap30BaHUE ITHX
XapaKTePUCTUK MO3BOJISICT OJTHO3HAYHO ONPEACIUTh IOPUCTOCTh B CEPEIUHE U HA TTOBEPXHOCTH OUMOpda.

KiroueBrnle ciioBa: QJICKTPOYIIPYTOCTh, IJIACTHUHA, HM3rHOHEBIE KOHeﬁaHI/IH, @yHKHHOHaJ’ILHO-Fpa,HI/IeHTHHﬁ
HLC?;OSJ'I@KTPI/I"IGCKI/II\/‘I Marepuall, HOpucTast KCpaMuKu, O6paTHaH 3aja4da.

IDENTIFICATION OF VARIABLE PROPERTIES
OF APOROUS PIEZOELECTRIC FUNCTIONAL-GRADIENT BIMORPH

A.N. Soloviev"3, V.A. Chebanenko'?

Abstract. The study examines steady-state vibrations of a piezoactive bimorph with functionally graded
piezoelectric layers that have inhomogeneous properties across the thickness. Direct and inverse problems
have been solved. Based on the variational principle, an applied theory of vibrations has been constructed for
the quadratic distribution of properties (porosity) over thickness. The problem has been reduced to a system
of ordinary differential equations with boundary conditions. During the construction of the theory, Kirchhoff’s
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hypotheses for mechanical fields were accepted. For the electric field, a quadratic dependence of the distribution
of the electric potential over the thickness was adopted. Along the length, the electric potential was considered
an unknown function depending on the longitudinal coordinate. The application of quadratic dependence of
the distribution of the electric potential over the thickness makes it possible to more accurately describe the
behaviour of the electric field in problems of steady-state bending vibrations. Based on the obtained applied
theory, the inverse coefficient problem of identifying heterogeneity parameters (porosity in the middle and
on the surface of the bimorph) was solved. As the additional information for solving the inverse problem, the
characteristics of steady-state oscillations of the bimorph, which can be measured in a full-scale experiment,
were considered. The inverse problem was solved on the basis of constructing surfaces and their isolines of the
dependences on the porosity parameters: the first resonant frequency of bending vibrations, the output potential
during mechanical excitation of vibrations, and the displacement amplitude of the free end of the bimorph
during mechanical and electrical excitations of vibrations. It is shown that the selected information is sufficient
to unambiguously determine the structure of inhomogeneity of piezoactive material in the class of quadratic
functions. The use of these characteristics makes it possible to unambiguously determine the porosity in the
middle and on the surface of the bimorph.

Keywords: electroelasticity, plate, bending vibrations, functional-gradient piezoelectric material, porous
ceramics, inverse problem.
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