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PO3POBKA II’€30JIBUT'YHA /IUIA BIOITPOTE3A

Huwni 6 ycoomy ceimi pospobka, 0ocaiodicents i cmeopents n'e3o0eiekmpuynux 08UeyHié € 0o-
CUMb aKMYAIbHOIO | 8ANCIUEOI0 NPOOIEMOIO, WO NPUBEPMAE GeUKY KilbKicmb 0ocnionuxig. Taxkutl
inmepec 06yMo8eHUll NePCREKMUBOTIO0 CIMBOPEHHS MAN02a0APUMHUX N'€30ENeKMPULUHUX OBUSYHIG.

OcHosHolo Memoto yiei cmammi € 00CTIONCEHHA MA 800CKOHANIEHHS N €3006USYHIB 30018 BUKO-
pucmanua ix y bionpomesax AK akmyamopis.

Ilposedero ananiz 3aKopOOHHUX KOHCMPYKYIN n’€3008ucyHie. Busnaueno, wo icHyoui Kowc-
mMpyKyii Maromo psao HedOAiKi8, OCHOBHI 3 AKUX — GUCOKA Kepyloua Hanpyaa, Maiul 0iandason nepemi-
WeHHs PYXOMOI YaCMuHU Ma CKIAOHICMb 8U20MOBIEHHA KOHCMpYKYii. Po3pobieno e0ockoHaneny
KOHCMPYKYIi0 n’€3008U2YHA HA OCHOBI DIMOpQHUX N €30eemenmis. Bueomogneno 00CaioHUull 3pa3oK
PO3pOONIEHO20 N E€3008USYHA MA OMPUMAHO PE3YIbIMAmMU 00CAIONHCEHb, KOMPI NOKA3AIU, WO NPU UKO-
PUCMAHHI MAK020 N’€3008U2YHA 30inbUUMbCA 0IANA30H KOIUBAHbL MA 3MEHWUMbCA AMAIIMYOa Kepy-
104020 CUSHATY.

Knwuogi cnosa: bionpomes, n'ezoenexmpuunuii 06uzyt, Oimop@uuii n'ezoeremenm.

Beryn. Bionpore3n BHKOPHCTOBYIOTH IS
BiJTHOBJICHHS PYK 3 PI3HUMH PIBHAMH aMITyTallii,
a TakoX y BHUINAJKaX BPOIKEHOTO HEIOPO3BH-
HEHHSI BEPXHIX KiHIIBOK [1]. |

OxpiM MEAWYHOTO TpH3HAYCHHs, Oiompo-
T€3W MIMPOKO BUKOPUCTOBYIOTHCS Y BIHCHKOBii
cdepi, 30kpeMa B pOOOTOTEXHIlll, & TAKOXK 3aCTO-
COBYIOTBCS B HAYKOBO-JOCJIIHULIBKIA cdepl K
MaHIMyJATOPH, IO MPALIOIOTh 3 HEOE3MEYHUMHU
pedoBnHamu. Ha pucynky 1 300paskeHO KOHC-
TpyKIito 6iomporesa [2].

OmHUM 13 OCHOBHHX €JIEMEHTIB, SKHI
BIDIMBA€E Ha poOOTy Oi0MpoTe3a i TOUYHICTh BUKO-
HaHHS PYXiB MaJbIliB, € ABUTyHH. J[BUTYHH Oy-

e

BAIOTh PI3HUX BUJIB, HAHOLIbII MOIIUPEHUMH € 1 — eNEKTPOBUTYH;

€JIEKTPOMArHiTHI JBUI'YHH. 2 — IporyMOBaHi KiHIIBKH IIPOTE3a;
EnekTpoMarHiTHi  MiKpOEJIEKTPOABUTYHH 3 — By301 HepEeMillleHHs NaNbIliB;

(KONEKTOpHI, KPOKOBI Ta O€3KOJICKTOpPHI) HUHI 4 — ronosHuit MpuBiz biompoTesa

JOCATTIM BepIIMHM MiHiaTropm3anii. ITpu mona- Pucynox 1 - Koncrpykuin Gionporesa

JBIIOMY 3MEHIIEHHI PO3MIpiB YCKIATHIOETHCS
npoIlec CKIaJaHHS, a TAaKOXK BTPAYaeThCs edek-
THUBHICTH JIBUTYHA.

Jis HaMOTKM KOTYIIOK cTaropa IOBO-
TUTHCS BUKOPHUCTOBYBAaTH TOHINUK IPIT, SKAN
Mae Bumui omip. Tak, mpu 3MEHIIEHHI PO3MipiB
KOJICKTOPHHMX MIKPOEIEKTPOJABUTYHIB 10 6 MM
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OiybIa yacTKa ENeKTPUIHOI SHeprii IepeTBOPIO-
€TbCS B TEIUIO, @ HE B MEXaHIUHY CHepriro. Y
OLNBILIOCTI BMITAAKIB JJIs1 OTPUMAHHS JHIHHHX
MPUBOJIIB Ha 0a3l ENeKTPOABUTYHIB € HEOOXi-
HUM 3aCTOCYBaHHS JIOJJATKOBUX MEXaHIYHUX
nepeaay i peAyKTopiB, sKi IMepeTBOPATHL o0epTa-
JBHUM pPyX y TOCTyNalnbHHNA 1 3a0e3redyroTh
noTpiOHY TOYHICTH Mo3HLIOHYBaHHS. [Ipu bOMy
3pOCTalOTh PO3MIPH BCHOTO MPUCTPOIO, a 3HAYHA
YaCTMHA CHEPrii BUTPAYaeThCS Ha I1OOJIAHHS
TEPTS B MEXaHIYHIN mepenadi.

Hiarpama, 300pakeHa Ha PUCYHKY 2, TO-
Ka3ye, 110 MPU po3Mipax, MEHIIUX 7 MM (mia-
METp KOPIYCYy JBUTYHA), BUTiAHIIIE 3aCTOCOBY-
BaTH IT'€30€JCKTPUYHI JBUTYHU, a HE EJIEKTPO-
MarHiTHi [3].

EnekTpoMaruit ii ey B6

[l'e3oenekTpIeTHi JBHTYHE

CeKTOp POIMEDID [P HIYHIB U

A MPEBOIIE 08'eKTiB HHppos: doTokamep

CekTop poIsipis [RHIYHIB 7S

NpHEOAE 06EKTIB Kamep MOGLE I Tenedonis

10 73

Posnip OBHTYH (MM)

EdekTisHiCTs DepeMimenHt

g L X

]

Pucynok 2 — Jliarpama edexTuBHOCTI
BUKOPHCTAHHS ABUT'YHIB Pi3HHX THIIB

OCHOBHUMHU TIEpeBaraMi IT'€30€JIEKTPUY-
HUX JBUTYHIB €. IIUPOKUI Jiala30H PeryJroBaH-
Ha wacTor obepranns (0-300 xB™"), MOKIHMBICTH
MaJliX, y MeXax o0epTy Baia, mepeMilieHp (Jact-
KH KYTOBHX CEKYHI), BUCOKHH MOMEHT Ha Baly,
BEJIMKUH TaJIbMiBHHA MOMEHT Ha Bally B 3HECT-
pyMJIEHOMY CTaHi, Oe3iHepuilHiCTh, Oe3lrymMHa
pobota, mani mMaca Ta rabapuTd, MPOCTOTA CHC-
TEMH YIpPAaBIiHHS, BIJICYTHICTh IepeNaBabHIX
MeXaHi3MiB 1 HeoOXiTHOCTI 1X OOCIyroByBaHHS,
Majie CHEepProCHOXXUBaHHSI, 1CKPOBHOYyX00e3meu-
HicTsb [3].

OpnuH 13 BUAIB KOHCTPYKLIH 1’ €30ABUTYHIB,
110 BUKOPUCTOBYIOTBCS SIK aKTyaTOpu B Oiompo-
Te3i, HaBeqeHo Ha pucyHKy 3 [4]. IT’e30aBuUryH
Npalioe HacTymHUM 4MHOM. Ha nBa kepamiuni
€JIEKTPOAN MOJAIOTHCS IMIIYJIBCH 3 YacTOTOIO B
JIECATKU 1 COTHI Kijiorepil. 3aBIsSKU KOJIMBAHHSIM
1’ €30KepaMiyHOl TUIACTUHH 3 BHKOHYETHCSA PYX
pyxomoi kapeTku 4.

OCHOBHMMH HEJOJIKAMU ITi€] KOHCTPYKIIiT
€ BeNWKi rabapuTH, Malui [iama3oH MepeMi-

LICHHS PyXOMOi YacCTHHH, BHCOKa Kepyloya Ha-
npyra.

1 — Hepyxoma Kepamika; 2 — aJrOMiHi€BUH
BUIITOBXYBAY; 3 — KEpaMiuyHHUN 11’ €30aKTyaToD;
4 — pyxoMa KapeTka; 5 — 30y/KyBaJIbHUH €IeKTPOJ;
6 — ¢pukion
Pucynok 3 — II’e3oaBurysn ¢ipmn PI

Ha pucynky 4 300pakeHO cxeMy i KOHC-
TPYKLIIO PE30HAHCHOTO IT'€30€JEKTPUUHOTO JABH-
ryHa Squiggle ¢pipmu NST [5]. OcHOBHUMH ente-
MEHTaMH I1'€30€JIeKTPHYHOTO JIBUTYHA €: YOTHU-
purpaHHa merajeBa MydTa (3 HEMarHiTHOrO Ma-
Tepialy) 3 BHYTPIIIHBOIO pPi3b00I0, XOIOBHH
TBUHT 1 YOTHUPH TUIACTHHU IT'e30Kepamiku. [lmac-
THHH T'€30KepaMiky TPHKPITUIEHI Ha TpaHsiIX
MeTaJeBOi MyQTH.

1 — xomoBwuii Bay; 2 — 1’ €30Kepamika,
3 — MeraneBuii npodink 3 pizpO0I0
Pucynox 4 — I’e3oaBuryH cepii SQL

KepyBaHHs 3miHCHIOETBCS 33 JOMOMOTOIO
JIBOX CHTHAIB, IO 3CyHYTI o ¢azi Ha 90°.

OCHOBHHUMH HEIOIKaMH €] KOHCTPYKIIii
€ BUCOKA Kepyroua Harpyra Ta CKJIaIHICTh BHIO-
TOBJICHHSI KOHCTPYKIIIi.

Memoto  pobomu €  BIOCKOHAJICHHS
I’ €30€JIEKTPUYHOTO JBHUTYHA 3aIJisi HOrO BHKO-
pHCTaHHs B 0ioNpoTe3ax K aKTyaTopa.
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Jns BupimeHHs wiei nmpobieMu aBTopamu
3aIPOIIOHOBAHO KOHCTPYKILIO I1'€30/IBUTYHA, KY
300pakeHO Ha PHCYHKY 5.

1 — migna mactrHa; 2 — 6iMOpHUIA T €30€IEeMEHT;
3 — yoTHpHrpaHHa MeTajIeBa raika;
4 — X0o0oBH Ball
Pucynok 5 — BynoBa 11'€30e/1eKTPHYHOI0 ABUIYHA
B/I0CKOHAJIEHOI KOHCTPYKIil

Ha pucyHky 6 300paxeHO eKCIiepUMEHTa-
JBHUHA 3pa30K BIOCKOHAJICHOTO IT'€30€JICKTPUY-
HOT'O JIBUT'YHA.

Pucynoxk 6 — ExcriepuMeHTaIbLHUAI 3pa3ok
Po3p00JIeHOr0 N'€30€JIeKTPUYHOT0 ABHIYHA

Oco0MBICTIO MT'€30ABUTYHA PO3pOOIEHOT
KOHCTPYKIIT € BUKOPUCTaHHSI OIMOp(HHUX IT'€30€e-
neMeHTiB. BiMopdHUil m'e30eneMeHT — 1€ TOHKa
MeTajieBa IUIACTHHA, JI0 SKOi MPHKICEHUH IT'€30-
€JIEMEHT, JIUI[LOBI MMOBEPXHI SIKOTO MOKPHUTI €IEKT-
ponamu [6].

BimopdHi m'e30enemMeHT Mixk coboro 3'ea-
HaHI Ha TOPLSX MIJHHUX IUTACTHH 32 JOIOMOTI'OO
Mailki, a 4YOTUpPUTPaHHA METajieBa railka Hepy-
XOMO 3aKpiIlIeHa 1Mo HeHTpy OiMopdHOTro m'e30-
€JIEMEHTa, JI¢ HasBHA MaKCHMallbHa aMILTITYAa
KOJINBaHb.

IIpu nomadi nBOda3HOI HAIPYTH Ha MPO-
THJICKHI Tapy IUIACTHH IT'€30KepaMiKi BUHHKA-
I0Th MEXaHIYHI KOJHMBAaHHS, $Ki IEPeIalThCs
MeTaJIeBiii raiii. B pe3ynbTaTi XO#OBUH Baj
o0epraeThes 1 JIHIKHO NEepeMILyeThCs BiTHOCHO

My(dTu. 3MiHIOIOUYM 3pyLICHHS (a3, MOXHA 3Mi-
HIOBaTH HANPSIMOK PyXy 'BHHTA.

BimMopdHi m'e30eemMenTH 2 CKIIAIa0THCS 3
METaJIeBOl IIACTUHU, BUKOHAHOI 3 HAIBTBEPAOI
natyni JI63 posmipom 35x8x0,3 mm. IT'e3o0ene-
MeHTH 3 T'e3okepamiku LITC-19 matoTs po3mipu
29x7x1 mM. BuxopucrtanHs OimMoppHUX Tm'€30-
eJIEMEHTIB 2 JTO3BOJIMJIO 3HU3HUTH IX PE3OHAHCHY
4acToTy JI0 ACKUJIbKOX COTEHb repll.

Koeoiuient xopctkocti GiMopdHUX m'e-
30€JIEMEHTIB 2 MOXKHA BH3HAYUTH 3a (hopmy-
som0 [7, 8]

koo =3[ 4L +(L-DA]", )
(S
A=Ay — A,
)“M = EM‘]M '
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Jy=E,J, +E, I = o
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E, — MOIylb NpPYXXHOCTi MeTaneBoi MJIaCTHHH;
E, — Moaylb IpPYXKHOCTI I'€30€JI€MEHTa, KU
MOKHa 3HAWTH Yepe3 MiANaTIWBICTh MOJISPH30-

3
2 3
J; :JH+MQ -] =%. Qn =bhH;

o127

Jidl
4
b — mmpuna 6iMmopdHOro m'ezoenemenra; h,, —

TOBIIMHA METANEBOi IIACTHHU; h, — TOBIIWHA

IT'€30€JIEMEHTA.

Jlis Bu3HaueHHs GOpMH MeXaHIYHUX KO-
JINBaHb, PE30HAHCHOI YaCTOTH T4 MaKCHUMaJbHOL
aMILTITYIX KOJIMBaHb BHUKOPHUCTOBYBABCS TMaKeT
mporpam COMSOL Multiphysics [9, 10].

Ha pucynky 7 300pakeHO pe3yJIbTaTH 4H-
CEIBHOr0 MOJENIOBAHHS KOJWBaHL OJHOIO 3
YOTHPBHOX OIMOP(HUX I'€30€TIEMEHTIB.

O r— P

Pucynox 7 — Pe3yabTaT YnceJIbHOTO
MO/Ie/TIOBAHHS KOJUBaHb
6iMmopdoHoro m’e3o0eneMeHTa
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3 pucyHka 7 BHIHO, o GiMopdHuUil m'e30-
€JIEMEHT Ma€ BUTHYTY (OpMY KOJIMBAaHb. AMILITi-
Tyga KonuBaHb craHoBUTH 0,3 MKM, wYacrora
KoJIMBaHb — 226 I'm.

Bukopucrtanns 0iMoppHUX m'€30elIeMeH-
TIiB y pO3pPO0JICHOMY T'€30€ICKTPHYHOMY JIBUTY-
Hi JTO3BOJIMJIO 30UIBIIMTH aMILIITYIy KOJHUBaHb
Ta 3MEHIIIUTH aMIUTITY/ly KEPYFOUOTO CUTHAITY.

OtpuMaHi J1laHi MOXXHa BUKOPUCTOBYBATH
MIPH TPOCKTYBaHHI MPUCTPOIB, ¢ BUKOPUCTOBY-
FOTHCS IT'€30KepaMidHi aKTyaTOPH.
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DEVELOPMENT OF PIEZOELECTRIC MOTOR FOR BIOPROSTHESIS

Currently, worldwide, the development and research of piezoelectric motors is a very relevant
and important problem that attracts a large number of researchers. The interest in this problem is due
to the prospect of creating small piezoelectric motors. This allows to obtain unique devices in which
electric vibrations turn into rotary movement, in addition, the rotating moment that develops on the
shaft of such an engine is so large that eliminates the need for a mechanical gearbox to increase the
torque. The world leaders in the production of piezoelectric motors are the following companies:
Physik Instrumente (P1), New Scale Technologies and others.

The main purpose of this paper is to study and improve piezomotors, for the use in bioprosthe-
ses as actuators.

Piezomotors are the main element of many microelectromechanical systems that are used in
military sphere, in particular in robotics, and also in scientific research instruments. But all these
piezoelectric motors have a number of disadvantages, the main of which are: high control voltage,
small range of movement of the moving parts, the complexity of manufacturing structures, and large
dimensions that reduce their application in various fields.

Based on the drawbacks of these constructions, we have proposed and developed our own pie-
zoelectric motor design, and simulated one biomorphic plate in the COMSOL Multiphysics program
package. With the COMSOL Multiphysics program, forms of mechanical oscillations, deformations,
resonance frequency of bending oscillations, and maximum amplitude of oscillations are determined.
Also, in this paper, the coefficient of stiffness of bimorph piezoelements is given, thus, a qualitative
mathematical model can significantly reduce the time and costs for the development of bimorph piezo-
elements.

The use of bimorph piezoelectric cells in the developed piezoelectric motor increases the ampli-
tude of oscillations, and reduces the amplitude of the control signal. The obtained data can be used in
the design of devices where piezoceramic actuators are used.

Keywords: bioprosthesis, piezoelectric motor, bimorph piezoelement.
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