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Tema (aHrJ1.)

Methods and system of increasing the efficiency of piezoelectric micromanipulator control

Pedepart (ykp.)

Huceprauilina po60oTH MpUCBAYEHA BUPIIIEHHIO aKTyalbHOI Ta BaskIMBOT HayKOBO-TPUKJIA[IHOI 3a/a4i NiABUILEHHS eDEeKTUBHOCTI
KepYyBaHH{ IT€30€JIEKTPUYHUM MIKDOMAHINYIATOPOM Ha 6a3i JiHIHUX ITe30€JIEKTPUYHUX JIBUTYHIB HA CTOAYMX aKyCTHYHMX
XBUJLAX 3 TIPAMOKYTHUM DE30HaTOPOM B MIKpO- Ta HaHOZIala3oHaX WIBMAKOCTEM, IO LOCATHYTO 33 PAaXYHOK MOIANLIIONO
PO3BUTKY i BIOCKOHAJIEHHS ICHYHOUYMX METOMIB KEePyBaHHS I€30€NeKTPUIHIM MIKPOMAHITIYIATOPOM, PO3POGKU MPOrpamMHo-
anapaTHUX pilleHs, ix peaizauil Ta cuctemm kepyBaHHS Ha ix ocHOBI. [1in ebexTuBHiCTIO TYT PO3yMieThCs GaxkaHa BIMMOBIHICTh
HaCTyNHUM KPUTEPIisM: -IIMPOKMI JiarMa3oH MWBHAKOCTI PYXY; -HU3LKMIi piBeHb BIGpaUil; -TOYHICTH M03MILOHYBaHHS, -
MaHEBPEHICTh (TOYHA Ta WBMIKA PEAKIlis Ha KOMaHZy KepyBaHHs). [IposeneHo aHanis KOHCTPYKUII MIKPOMaHIMyISITOPa, a TaKOX
1010 6a30BOTO KOMITOHEHTY ~ JIHIMHOTO Me30€NeKTPUYHOTO ABUTyHa. JlOCTIPKEHO BNAaCTUBOCTI PE30OHATOPA 1'€30€1EKTPUYHOTO
ABUTYHA, & TaKOX YMOBM yTBOPEHHS JBOX B3AE€MHO-TIEPIEHANKYIAPHUX MEXaHIYHUX KOJIMBAHb B HhOMY M1t BUHUKHEHHS enincy
pyxy. lle pgano 3MOry OLIHUTH MOXJIMBOCTI JABUTYHA, T[I€peBarv Ta HEJOJIKM B KOHTEKCTI 3aCTOCyBaHHsd HOro B
MIKPOMAHIMY/ISAUIAHIA CUCTEMI, a TAKOX BU3HAYUTH WUISXM OTPUMAHHS MOKpamEeHNX XapaKTePUCTUK KiHIEBOTO TMPUCTPOIO.
BcTaHOB/IEHO, WO OCHOBHMMM MMepeBaramu AaHOTO THITY TBUTYHIB € 31aTHICTh YTPUMYBATH MOJIOKEHHS 6e3 MpuKIafaHHs
MOJaTKOBOI eHeprii Ta BUCOKi CTapT-CTOMHI XapakTepUCTUKU (MOKJIMBICTh Mai>Ke MUTTEBOTO CTapTy Ta 3YMUHKU [BUIYHA).
[IpoBenieno mocniikeHHs MHIMHUX HarpaBISIoYUX IT'€30€NIEKTPUYHUX ABUTYHIB, @ came KyTiB BiaxuicHHs Pitch, Yaw Ta Roll BiJ|
NPSAMOJIIHIHHOIO PyXy KapeTKu OBUTYHA (PO60YOro IHCTPYMEHTY MaHinynsTOpa), 0 [a10 3MOTY OLiHUTH BEJIMYMHY BiIXUJIEHHS
po6090ro iHCTPYMEHTY MaHiNyJaTopa B 3a7eXKHOCTI Bin Horo NOBXWHU. P0O3po67eHO MaTeMaTUyHy MOJeNb Mepemillents
poboYoro iHCTPYMEHTY MaHIMyAAUiiHOI CUCTEMU TN BIJIUBOM KYTOBMX BixujeHb Pitch Ta Yaw, mo pae MokiuBicThb
AJIFOPUTMIYHO KOMIIEHCYBATH JAaHi BIJIXWJICHHS s MiHIMIallii nmoxusku TTO3UILIONYBAHHS MIKDOMAHIMYISTOPA 3 BPaxXyBaHHsM
CKCTICPUMEHTATILHUX IAHUX OTPUMAHMX MPU LOCTIIKEHHI HATNPABSIOMMX JBUIYHIB. 33 LOMOMOTOK NPOTPAMHOTO KOMIIJIEKCY
Comsol Multiphysics nmpoBefeHO MoAeIOBAHHS MEXaHIYHUX KOMUBAHb IT'€30€/IEKTPUYHONO PE30HATOPA JIBUTYHA, 1[0 LO3BOJIUIO0
MiATBEPAUTH HEOBXIHICTL BUGODPY came MpaBoro CJIEKTPUYHOTO PE30HAHCHOTrO MiKa OBUTYHA MpU Horo Kepysauwui. Ha ocHoOBI
CKCHEPUMEHTAJILHUX JIOC/I/KEHb XapaKTEPUCTUK JBUIYHA [JTREPIXEHA MOJEIb MEXaHIYHUX KONNBAID pesoHaropa, a came,
1O PE3OHAHCHA XapakTepUCTUKA IBUTYHA Mae [Ba PE3OHAHCHI MKW | HalbiNbm ePeKTUBHUM METOIOM KepPyBaHHA IBUKICTIO
ABWTYHA € PErylioBaHHA 4YacTOTH 36YIKEHHA B 30HI MPaBOrO CXMUJy MPaBOro PE30HAHCHOrO TiKa. YJIOCKOHAJIEHO MeToj
KEpPYBaHHs II'€30€JIEKTPUYHUM [BUTYHOM 3 NPAMOKYTHUM PE30HATOPOM Ha OCHOBI MMUPOTHO-IMITYJILCHOI mMonysauii (IIIM)
LIIAXOM MiHiMizarii uiBI/mKOCTi ABUTYHA MPY MOTO CTAPTI Ta 3YMUHL, L0 J03BOIUIO 3MEHIINUTH piBeHb mwymis Ta Bibparniii B 2-10
pasiB mpu poGoti B Mikpogianazoni. [Togasbuoro POSBUTKY OTpUMaB METOJl KEPYBAHHS I1'€30€EKTPUYHUM JIBUTYHOM, SIKMIi
3a6€3MeUNB DEKUM KEPYBaHHsS MIBUAKICTIO B HaHOJIanasoHi 3a PaxyHOK BUKOPUCTAHHS (dikcoBaHOi KinbKoCTi IMITYJTBCIB
36ymxenns (10 20 B nocsifoBHOCTI) 3 PEryJIOBAHHAM HAaCTOTH CHIZlyBAHHS LIMX MOCTIOBHOCTEH, sKa GOpMyBanacs MexarivHmm
3aCO60M KepyBaHHs MIKpOMaHINynsTopom (WKOACTHK, TPEK6OJI), MO J03BOUIIO MiABUIIUTY MAHEBPEHICTh KepYBaHHS Ginblie,
HDK y 2 pasu. VIOCKOHaleHo MeTon MifBUMIEHOI TOMHOCT TMO3MILIOHYBAHHS  M€30EIEKTPUYHOTO MiKpOMmaHimnynsgTopa B
dBTOMAaTHIHOMY PEXHMi 33 DPaXyHOK YHUKHEHHs [EpeperyiioBaHb UUIAXOM 3MiHM NepeMilleHHS MaHinyasTopa npu
663nep¢pBH0My PyCi 10 KPOKOBOTO PEXKUMY PYXY 3 MOLAMBIION SYMWHKOIO B TOYLI 1M03uioHyBaHHs. Pospo6rciio AJITOPUTMIYHI
Ta NIPOrPaMHi pillleHHs peanisauil y0CKOHANIEHUX METOIIB KEPYBaHHS [1'€30€TEKTPUYHUM MIKPOMAHITYISTOPOM / IBUTYHOM Ta
CUCTEMY KEepyBaHH#A Ha iX OCHOBI, 110 O3BOJIMIIO JJOCSTTH AianaszoH KepyBaHHa 1o mBuAKocTi 140 mm/c - 0.05 MM /c, TouHicTh
TMO3ULII0BAHHA 3 €HKOZEPHOIO Bepcieio (5-10) MKM i, K HaCTiOK, B CEPEAHBbOMY MIIBUILUI0 eDEKTUBHICTD MIKPOMaHINysaTopHoi
CHCTEMH y TMOPIBHAHHI 3 ICHYIOUMMM pilleHHAMU Y 2 pasy. CTBOpPEHO 3ac06U KOHTPOIIO MapameTpiB HOBUX M'€30CTEKTPUYHIX
MBUTYHIB, SIKi JI03BOJIAIOTH BUMIpIOBATU XapaKTEPUCTUKH IT'€30€IEKTPUYHOrO pe3oHaTopa, JOCTIKYBATU TOYHICTb MEpeMileHD
THIAHAX HANpaBIgOYMX Ta 3MiHCHIOBATU BUMIpIOBaHHA BiGpaujiiinux edekris 1Py NOCJ/IIKEHHI HOBUX METO/IR KepyBaHHs
IT€30[IBUTYHOM Ta CKOPOTHTH Yac ix TECTyBaHHA B cepeHbOMY B 1.5-2 pasu.

Pedepar (anr.)

The dissertation is devoted to solving the actual and important scientific and applied problem of improving the control



efficiency of a piezoelectric micromanipulator based on linear piezoelectric motors on standing acoustic waves with a
rectangular resonator in the micro- and nanospeed ranges, which was achieved due to the further development and
improvement of existing control methods piezoelectric micromanipulator, development of hardware and software solutions,
their implementation and control systems based on them. Effectiveness here means the desired compliance with the following
criteria: - a wide range of movement speed; - low vibration level; -accuracy of positioning; -maneuverability (accurate and quick
reaction to the control command). An analysis of the design of the micromanipulator, as well as its basic component - a linear
piezoelectric motor, was carried out. The pfOperties of the resonator of the piezoelectric motor, as well as the conditions for the
formation of two mutually perpendicular mechanical oscillations in it for the emergence of a motion ellipse, were studied. This
made it possible to evaluate the motor's capabilities, advantages and disadvantages in the context of its application in a
micromanipulation system, as well as to determine ways to obtain improved characteristics of the final device. It has been
established that the main advantages of this type of engine are the ability to maintain a position without applying additional
energy and high start-stop characteristics (the possibility of almost instantaneous start and stop of the engine). A research of
the linear guides of piezoelectric motors, namely the angles of deviation of Pitch, Yaw and Roll from the rectilinear movement of
the motor carriage (working tool of the manipulator) was carried out, which made it possible to estimate the amount of
deviation of the working tool of the manipulator depending on its length. A mathematical model of the movement of the working
tool of the manipulation system under the influence of Pitch and Yaw angular deviations has been developed, which makes it
possible to algorithmically compensate the deviation data to minimize the positioning error of the micromanipulator, taking into
account the experimental data obtained during the study of the guide motors. With the help of the Comsol Multiphysics
software complex, the simulation of mechanical vibrations of the piezoelectric resonator of the engine was carried out, which
made it possible to confirm the necessity of choosing the right electrical resonance peak of the engine during its control. On the
basis of experimental studies of the engine characteristics, the model of mechanical oscillations of the resonator was confirmed,
namely, that the resonance characteristic of the engine has two resonance peaks and the most effective method of controlling
the engine speed is to adjust the excitation frequency in the zone of the right slope of the right resonance peak. The method of
controlling a piezoelectric motor with a rectangular resonator based on pulse width modulation (PWM) has been improved by
minimizing the speed of the motor during its start and stop, which allowed to reduce the noise and vibration level by 2-10 times
when working in the micro range. The method of controlling the piezoelectric motor was further developed, which provided a
speed control mode in the nanorange due to the use of a fixed number of excitation pulses (up to 20 in a sequence) with
regulation of the frequency of following these sequences, which was formed by a mechanical means of controlling a
micromanipulator (joystick, trackball), which made it possible to increase maneuverability by more than 2 times. The method of
increased positioning accuracy of the piezoelectric micromanipulator in automatic mode has been improved due to the
avoidance of over-adjustments by changing the movement of the manipulator during continuous movement to a step mode of
movement followed by a stop at the positioning point. Algorithmic and software solutions for the implementation of improved
methods of controlling a piezoelectric micromanipulator / motor and a control system based on them were developed, which
allowed to achieve a speed control range of 140 mm/s - 0.05 mm/s, positioning accuracy with the encoder version (5-10) pm
and, as a result, on average, increased the efficiency of the micromanipulator system in comparison with existing solutions by 2
times. The means of controlling the parameters of new piezoelectric motors have been created, which allow to measure the
characteristics of the piezoelectric resonator, to study the accuracy of movements of linear guides, and to measure vibration
effects when researching new methods of controlling a piezoelectric motor, and to reduce the time of their testing by an
average of 1.5-2 times.
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