DIPARTIMENTO DI Via del Politecnico 1, 00133 Roma
INGEGNERIA INDUSTRIALE hitp://ingegneriaindustriale.uniroma?2. it

Ph.D. Thesis by Mirzabayev Berik Islambekovich
“Research and Selection of Parameters of Autonomous Wind Power Station with Spatially Moving
Sail Working Body”

At KarSTU: Karakanda State University In Almaty, Kazhakastan

Advisor Foreigner Report by

Prof Marco Ceccarelli

LARM?2: Laboratory of Robot Mechatronics

Dept of Industrial Engineering; University of Rome Tor Vergata
Via del Politecnico 1, 00133 Roma, Italy

Phone +39-333-44793 14 email: marco.ceccarelli@uniroma2.it
http://orcid.org/0000-0001-9388-4391

- Marco
QLo MO - Marcs Cocrarell o cw-LARMD.

o ceccaclourarcesal &, o1

Ceccarelli==~
Roma: 4.3.2022

The PhD thesis attaches the topics of design and performance characterization of sail system for wind
power stations by proposing procedure useful in design and analysis of a new solution.
The thesis is well organized in the following chapters:

Chapter 1 presents an overview of problems on main aspects to be considered in wind power
stations with multidisciplinary issues. Motivations and work targets are also outlined.

Chapter 2 discusses the structure of a wind power station with the aim to develop a new design with
a sailing clement as a new energy collector. Special toroidal shape is investi gated through design
aspects and numerical analysis for performance evaluation of acrodynamic characteristics.

Chapter 3 presents developments for the specific control design for the sailing energy collector in
the proposed wind power station. The control system-is designed with a mechanical mechanism in
the form of parallel manipulator that well reacts in force and motion to the necessary needs of
controlling the configuration of the sailing wind collector against wind to harvest energy from it.
Chapter 4 presents an implementation of the sailing wind collector with proper control to design
and build a scaled power wind station. Results of experimental tests are reported to prove the
feasibility and the performance of the built scaled prototype.

Conclusions section summarizes the work that is presented in the PhD thesis emphasizing the
contributions consisting in design of a new sailing wind collector with a formulation useful also for
numerical characterization of its functioning, a new control design including a parallel mechanism
for a regulation of the sailing wind collector against wind, and an integrated design combining the
sailing collector with the controlled parallel mechanism as a power wind station. Additional
research open issues are also outlined for future work.

The reference list is enough rich of sources from a wide literature about the reported PhD work.
The PhD work is also substantiated by a reference list of co-coauthored publications in journals and
conference proceedings on the topics of the thesis arguments.

Summarizing, the thesis shows good results in a clear discussion, although not in English. Therefore,
according to my opinion, the thesis has a value that deserves a recommendation for PhD degree in the
specialty 6D071800 — “Electric Power Engineering”.
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Jloxtopckast  mMcceprauMsi  MOCBSLIEHA TeMaM MPOEKTHPOBAHMA M XapaKTEPUCTHKAM
TPOH3BOAMTE/ILHOCTH MAPYCHOM CHCTEMBI /UIA BETPOIICKTPOCTAHLMIA, Mpeaiarad MpoLeaypy,
MOJE3HYI0 TPHU TPOCKTUPOBAHWH M aHAJIM3€ HOBOro peuienus. Jlucceprauus XOporuo
OpraHM30BaHa B CJICAYIOLHX IIaBax:

B rnase 1 mpencrabnen 00630p mpoGieM 10 OCHOBHBIM acrmekTam, KOTOpbIE HEOOXOTMMO
YYHTBIBATD HA BETPOIICKTPOCTAHLMAX C MEKAMCLMIUTMHADHBIMK mpobiemamu. Taoke
U3JI0)KEHbI MOTHBBI U pabouKe Leu.

B rnase 2 ofcyxnaercs CTpyKTypa BETPOMIEKTPOCTAHUMM C LENbIO pa3paboTKH HOBOI
KOHCTPYKIIMHK C MapyCHbIM 3JIEMEHTOM B Ka4Y€CTBE HOBOrO KOJUICKTOpPA Heprun. CrielHanbsHas
TOpOHAaibHas (opma MCCENYeTCss ¢ MOMOLIBI0 KOHCTPYKTHBHBIX ACMIEKTOB H YHCICHHOTO
aHasIu3a JUISl OLIEHKH 25POIMHAMMYECKUX XAaPAKTEPHCTHK.

B rnase 3 npencrabieHbi pa3paboTKM JUIS KOHKPETHON KOHCTPYKIMH yNpasieHus uis
MapyCHOr0 KOJIIEKTOPA IHEPrUH B MpEAsiaraemMoii BeTpodnekTpocTaniui. CHctema ynpasieHus
CMIPOCKTMPOBAHA C MEXAHHYECKHM MEXAHH3MOM B BHAE NApALIC/LHOTO MAHHMITYJIATOPA,
KOTOPbIH XOPOIIO PEarupyeT 1o CHiie ¥ ABWKEHHIO Ha HEOOXOAMMBIE NIOTPeGHOCTH yTpaBJICHUS
KOH(Urypauueii napycHOro BETPOYJIOBHTEIIS POTHB BETPa Jutsi chopa SHEPIrUH H3 HETO.

B rnase 4 npeacrasiena peanusaums napycHOrO BETPOYIOBHTENS C HALISKALIHAM KOHTpOJIEM
AN NPOCKTHPOBAHHS M CTPOMTE/ILCTBA MacIITabupyemoii BeTpodnekTpocTanimn. Coodiaercs
0 pesyibTatax OKCNEPUMEHTANILHBIX HCTBITAHUI, MNOATBEPKIAIOWMX OCYIECTBUMOCTD ¥
MPOH3BOJMTENILHOCTh MOCTPOCHHOTO MaCLITabMPOBAHHOrO MPOTOTHIIA.

B pasnene "Beioasl" ob6obmaercs paGota, npeacrasnensas s NOKTOPCKOH NHCCepTaluH, B
KOTOPO#f  MOAYEPKHBACTC BKJIAMA, 3aKMIOYAIOWMIICH B pa3paboTke HOBOro mapycHoro
BETPOYJIOBHTENS € (POPMYJIMPOBKOIA, MOJE3HOM TAKKE JUIN YHCICHHOI XapaKTEPHCTHKH €ro
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JIOKTOPJIBIK MCCepTanysiaa KeNKeHI XKel JMeKTp CTAHIMANAPBIHA apHATFaH
JKENKeH/Il XKYHeHiH eHIMIIIK cunarTamManapbina jkoHe Ko6aay TaKbIpHITapsIHa
Hazap aynapazsl. Jluccepramnus Keneci Tapayiap/a jKaKChl YHbIMIaCThIPbLIFaH: .

l-rapayna Jkem 3JeKTp CTAHUMACBIHBIH HETi3ri MacenesepiHe MOHJIIK
OainaHbicTapeIHa CoMKec INONy JkacansiHFaH. COHBIMEH KaTap JKYMBICTAFbI
OMJIapbl MEH MaKCaTTapbl KOPCETIJIreH.

2-Tapay/la )KaHa JKEJKEH[i JXeJl JJIeKTPCTAHLMSCHIHBIH )XaHAa KYpbUIBIMBIH
kobanay ~ MakcaTBIHAA  JKel  JJIEKTP  CTAHLWSUIAPBIHBIH  KYPBLIBIMBI
KapacTeIpbliajbl. ApHabl TOPOMAANBABI MIIIIHAEC OOJNBIN KENETIH YXeTKeHHIH
adpOJMHAMMKAJIBIK KOPCETKilliH Garanay YINiH KypBUIBIMIBIK acrekTiiepi MeH
CaHJIBIK TajiayJjiap apKbUIbl 3epTTeNei. .

3-Tapayna YCHIHBUIBII OTBIDFAH K€ JJIEKTP CTAHLHUACHIHIAFBI JKEJKEHI
GackapynblH apHaibl KypbUIBIMBIHA apHAlFaH KaXeTTi JXYMBICTapsl OepijireH.
Backapy kyieci mapamtensai MAHHUIIJISTOP TYpiHzeri MEXaHHKAIBIK
MeXaHU3MMeH >KOOalaHFaH, ON XKENJIEH KAKETTI KyaTThl aly YIIiH JXeJKeHHiH
KO3FaJIBICBIH KYILUTIK ©3repTyJep apKblIbl 6acKapaisl.

4-tapaya anfiarbl yakbITTa JKel D3JIEKTP CTAaHUMACHIH Jkobajay MeH
KYpacThIpy YIUiH KaXeTTi GacKapblIaThIH JKENKEH YCBHIHBUIIBI. .I(¥pacrmp5mraﬂ
IPOTOTHUITIH MYMKIHJII MEH OHIMUIIIH pacTalThIH TOXKIPUOETiK ChIHAKTap/IbIH
HoTIKeNepi XxabapiaHasl.



«KopsITBIHABY OOJMiHAE AOKTOPNBIK JMCCEPTAlMAA YChIHBLUIFAH JKYMBIC
KOPBITBIH/IBIIAHAbI, KOCKAH YJIECIH KOpCeTe/li, OHBIH JKYMBICBIHBIH CaH/IbIK
cMIaTTamMachl YIIiH Je maijansl OoNaThlH JKaHa JKeJl YCTarblll JKeJIKeH.I
o3ipneynen TyparbiH Qopmynacel  O6ap, 0GackapyablH KaHa  KypbUIBIMBI,
TOPOMIAJIIBI JKEJKEH I KeJre Kapehl peTTeyre apHauraH GipiKTipuireH KypbUlbIMbI
Gap mapaienbAi MeXaHM3MAI KAMTH/BI, JKeJl OJIEKTP CTaHLMACHI peTiHje
KOJJIaHBLIATBIH GacKaphUIaThiH MapajuiesibJi MeXaHu3M JKoHe OMeH OipikkeH
xenkeH Gonanpl. bonamak »XYMBIC YIUiH KOCBIMIIA alIbIK 3€pTTEY CypakTapbl /a
KapacThIPbUIFaH.

OnebueTTep Ti3iMi KapUsIaHFaH KaHIMIATTIK )KYMBICKA COUKEC KeJIETiH KeH
onebuerrep Jnepexkesnepine eore 6Oail. CoHbIMeH KaTap, JAUCCEPTALMAJIBIK
KYMBICTBIH ~ TaKbIPBINTAPBIHBIH AYPHICTBIFBIH  [QJENJCHTIH  JKypHaapAarsl
OacbutBIMIapablH OubnuorpadusceiMer jxoHe KOH(pepeHIMs MaTepHallapbIMEH
OipieckeH aBTOp peTiHIe KaMTaMachl3 ETiJIFeH.

KopeITeiHABUIAM Kele, quccepTalys aFbUIIBIH TiiHAe 6onmMaca ja, HaKThI
TAIKBUIAYAA OJKAKCHl HOTWXe Kopceredi. COHIBIKTaH, MEHIH OMbIMILA,
nucceprauusiiel  6D071800 — «Duepretvkay MaMaHzbIFbl OOHMBIHILIA PhD
JIOPEXKECIH ally YIIiH YChIHYFa JIAUBIK KYHIBUIBIFBI Oap.
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