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Re: Naurushev Batyr
Dissertation Research

Review of the Dissertation
Review Report on the PhD thesis of Naurushev Batyr entitled:
"Development of parallel manipulators with two end-effectors"
to the Degree Committee of KazZNRTU named after K.I. Satbayev

The presented dissertation is devoted to the relevant topic of developing and
analyzing parallel manipulators for handling operations in stamping production
within the mechanical engineering industry.

In the first chapter, the author thoroughly examines the current state of parallel
manipulator design, analyzing existing approaches and technologies. The conducted
review demonstrates a deep understanding of the subject area and the relevance of
the research objectives.

The second chapter focuses on the structural and kinematic synthesis of planar
parallel-structure manipulators with two end-effectors. The author systematically
conducts the structural and kinematic synthesis of various types of manipulators,
including anthropomorphic mechanisms and rotational kinematic pairs.

The third and fourth chapters are dedicated to the kinematic and kinetostatic
analysis of the designed mechanisms. The author provides a detailed examination of
calculation methods, formulates equilibrium equations, and analyzes the dynamic
characteristics of the manipulators, confirming a high level of theoretical depth in
the study.

The fifth chapter addresses the modeling and fabrication of 3D models of
parallel manipulators. It describes design examples of mechanisms for automating
stamping production, demonstrating the practical significance of the research and its
applied value.

The dissertation is conducted at a high scientific and technical level,
presenting well-founded theoretical principles and practical recommendations. The
research contributes significantly to the advancement of manipulator mechanics.
The work is characterized by logical structure, clear problem formulation, and in-
depth analysis.
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The dissertation can be recommended for defense, and Naurushev Batyr is
author deserves the awarded of PhD degree.

Rome, 25 March 2025
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prof. Marco Ceccarelli
(IFToMM President 2016-19, ASME fellow, Dr Honoris Causa)
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Re: luccepranusa Haypymesa bateipa

OT13bIB
Ha nuccepranuto Haypymesa barsipa Ha TeMy: «Pa3paboTka napaieabHbIX

MaHUITYJITOPOB C ABYMS paOOYMMU OpraHaMuy» JJIsl aTTECTAIMOHHOTO COBETa
KasHUTY um. K.H. CarmaeBa

[IpencraBnennas nuccepranus MOCBSIIEHA aKTyalbHOW TeMe pa3pabdOoTKH U
aHaM3a NapajuiesIbHbIX MAHUITYJIATOPOB JJI TOTPY30YHO-PA3TPY30YHBIX ONepanui
B ITAMIIOBOYHOM MPOU3BOACTBE MAIIIMHOCTPOCHHUSI.

B mepBoil maBe aBTOp MOAPOOHO paccMaTpUBAET COBPEMEHHOE COCTOSIHUE
MPOEKTUPOBAHUS TAPAJUICNIbHBIX MAHUMYJISTOPOB, aHAJIU3HUPYs CYIIECTBYIOIINE
noaxoapl W TexHojoruu. IIpoBeneHHBIM 0030p JAEMOHCTPUPYET TIIyOOKOE
MOHMMAHWE TIPEAMETHONM 00JIacTU U aKTyaJbHOCTh IIOCTABJICHHBIX 3ajad
UCCJIEI0BaHUS.

Bo BrOopoifi m1aBe OCHOBHOE€ BHHUMAHHE VYIEJIEHO CTPYKTYpPHO-
KMHEMAaTUYECKOMY CHHTE3Y IUIOCKUX MAHUMYJISTOPOB MapallIeIbHON CTPYKTYpPHI C
JIByMsi paboyuMu oOpraHamMu. ABTOp CHUCTEMAaTHYE€CKH MPOBOAUT CTPYKTYPHO-
KMHEMaTUYECKUM  CUHTE3  Pa3JIMYHBIX THUIIOB  MAaHUIYJISITOPOB,  BKJIIOYas
aHTpOINOMOp(HBIE MEXaHU3MBI U BpallaTelIbHbIe KHHEMATUYECKUE TaPHI.

Tperbst w© derBepras [IaBbl NOCBAIICHbl KUHEMAaTHUYECKOMY U
KMHETOCTAaTUYECKOMY aHaJM3y MPOCKTUPYEMBIX MEXaHHU3MOB. ABTOp MOIPOOHO
paccMaTpuBaeT METOAbl pacueTa, GOpMyIUpYeT ypaBHEHHUS pPaBHOBECUS U
aHaJIM3UpPyeT JTUHAMHYECKHE XAPAKTEPUCTUKU MAHUITYISITOPOB, MOATBEPXKAas
BBICOKUH YPOBEHb TEOPETUUECKOMN TITyOMHBI UCCIIEIOBAHMUS.

B nsATOM TmaBe paccMarpuBaeTCs MOJAEIMPOBAHWE WM M3rotoBieHue 3D-
Mojienei napajienbHbIX MaHUMYJISITOPOB. OnuceiBaroOTCA IPUMEPHI
MPOEKTUPOBAHUSI MEXAHU3MOB JJIsl aBTOMATU3aI[MH1 IITaMIIOBOYHOTO MTPOU3BOJICTBA,
JIEMOHCTPUPYETCSl MPAKTUYECKasi 3HAYMMOCTh HMCCJIEJAOBAaHUS M €ro MPUKJIaIHOE
3HAYEHUE.

Jluccepranusi BBINIOJIHEHA Ha BBICOKOM HAYYHO-TEXHUYECKOM YPOBHE,
MpeACTaBIEeHbl OOOCHOBAHHBIE TEOPETUUYECKUE TIOJIOKEHUSI U TMPAKTUYECKHUE
pexkomeHaanuu. MccnenoBanue BHOCUT 3HAYUTEIbHBIN BKIIA/l B PA3BUTUE MEXAHUKHU
MaHUMyJAATOpoB. PaboTa xapakrepusyeTrcsi JIOTUYHOM CTPYKTYpOHl, YeTKOU
MOCTAaHOBKOM 3a7a4 ¥ TIIyOOKUM aHATH30M.

Huccepramnus MoxkeT ObITh PEKOMEH/IOBaHA K 3aIuTe, a ee aBtop Haypyiies
bareip 3aciyxuBaeT npucyx1eHus yaeHou crenenu qokropa ¢unocodun (PhD).

Puwm, 25 mapra 2025 .
[Toanuck npodeccopa Yekkapennu Mapko
(IFToMM President 2016-19, ASME fellow, Dr Honoris Causa).
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PhD Dissertation Research by Naurushev Batyr

Review of the Dissertation
Review Report on the PhD thesis of Naurushev Batyr entitled:
"Development of parallel manipulators with two end-effectors"
to the Degree Committee of KazZNRTU named after K.I. Satbayev

The presented dissertation is devoted to the relevant topic of developing and
analyzing parallel manipulators for handling operations in stamping production
within the mechanical engineering industry.

In the first chapter, the author thoroughly examines the current state of parallel
manipulator design, analyzing existing approaches and technologies. The conducted
review demonstrates a deep understanding of the subject area and the relevance of
the research objectives.

The second chapter focuses on the structural and kinematic synthesis of planar
parallel-structure manipulators with two end-effectors. The author systematically
conducts the structural and kinematic synthesis of various types of manipulators,
including anthropomorphic mechanisms and rotational kinematic pairs.

The third and fourth chapters are dedicated to the kinematic and kinetostatic
analysis of the designed mechanisms. The author provides a detailed examination of
calculation methods, formulates equilibrium equations, and analyzes the dynamic
characteristics of the manipulators, confirming a high level of theoretical depth in
the study.

The fifth chapter addresses the modeling and fabrication of 3D models of
parallel manipulators. It describes design examples of mechanisms for automating
stamping production, demonstrating the practical significance of the research and its
applied value.

Of particular scientific interest is the idea of utilizing two end-effectors within
a single parallel structure. This approach enables cooperative scenarios of part
transportation, gripping, and handover between stations of a technological cycle,
which is especially relevant in the automation of stamping processes.

Among the undoubted strengths of the dissertation are the following:

A systematic approach to the classification and structural synthesis of parallel
mechanisms with two output links; :

The development of original structures of third- and fifth-class executive
mechanisms meeting the requirements of multi-tasking manipulators;

A comprehensive kinematic analysis covering both direct and inverse
kin;r.?.atics, assessment of singular configurations, and evaluation of kinematic
mobility;



A detailed kinetostatic study applying principles of analytical mechanics;

The use of 3D modeling tools and numerical analysis software for verifying
theoretical results.

The author effectively employs tools from the theory of multibody systems,
analytical mechanics, and numerical modeling. The implementation of advanced
design techniques using CAD/CAE environments demonstrates a high level of
proficiency with modern engineering technologies. Furthermore, the dissertatif)n
provides examples of integrating the developed mechanisms into specific indust1.r1a1
tasks, thereby extending their applicability from theoretical models to engineering
solutions.

The presented work is performed at a high scientific and methodological level,
is characterized by novelty, a systematic approach and theoretical depth. The
obtained results in the field of structural-kinematic synthesis and analysis of parallel
manipulators with two working bodies enrich the fundamental knowledge base on
the theory of mechanisms and machines, and also have applied significance for
robotics.

Based on the above, I believe that the dissertation work Naurushev Batyr
meets the requirements for dissertations for the degree of Doctor of Philosophy
(PhD) in the direction 6D071200 - Mechanical Engineering, and its author is worthy
of being awarded the said degree.

Rome, 25 March 2025
Prof, Marco Ceccarelli
@uw /[ /Cv (IFToMM President 201619, ASME fellow,
Dr Honoris Causa)
oo
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JloxTopckas Anceepranus Haypyiiesa barwipa

O13b1B
Ha uccepranuio Haypyiesa bateipa Ha Temy:
TapajlIeNIbHBIX MAHUITYJISTOPOB C ABYMs paGOUMMH OpraHaMi»
AT aTTecTallMoHHoro coseta KasHUTY um. K.U. Carraesa

«Pa3paborka

Tpencrasnennas auccepraums nocssmena aKTyalpbHOU TeMe pa3padOTKU U
aHaju3a MapajieJIbHbIX MaHUITYJISITOPOB A5l MOrpy304HO-pa3rpy304YHbIX ONEPALMH
B IITAMIIOBOYHOM TIPOM3BOACTBE B MALIMHOCTPOUTEILHOM OTPACIIH.

B nepsoit rmase aBrop nompoGHo paccMaTpuBaeT COBPEMEHHOE COCTOSHHUE
IPOCKTUPOBAHUS TapaJIJIeNIbHBIX MAaHHMITYJISITOPOB, AHAIU3UPYS CYLIECTBYIOLIME
noaxoxel M TexHosoruu. IlpoBeneHHsl 0030p OEeMOHCTpUpPYET TIIyOOKOE
IIOHMMaHUe TPEAMETHONW 00JacTM M aKTyaJbHOCTH I[IOCTaBICHHBIX 3a1a4
UCCJIEIOBAHMUS.

Btopas rnasa nocssileHa CTpYKTypHO-KMHEMATUYECKOMY CHUHTE3Y ILIOCKUX
MaHMITYJISITOPOB MapalljielbHONH CTPYKTYphl ¢ AByMsl paOouuMMK OpraHaMu. ABTOD
CUCTEMATHYECKHA TIPOBOJUT CTPYKTYPHO-KMHEMATHYECKHM CHHTE3 DPasIu9YHBIX
TUIIOB MAaHMITYJISTOPOB, BKJIIOYas aHTPOIOMOP(HBEIE MEXaHU3MbI W BPALIATE/IbHbIE
KMHEMAaTUYECKHE Taphbl. '

TpeTbs W ueTBepTas  [J@Bbl  IOCBSIICHBl ~ KHHEMAaTUYECKOMY U
KHHETOCTATUYECKOMY aHaIu3y NPOEKTUPYEMbIX MEXaHH3MOB. ABTOp MOAPOOHO
paccMaTpyBaeT METOJbl pacyeTa, dbopMynUpyeT ypaBHEHUS pPABHOBECUS U
aHAIM3ApYeT JMHAMHUYECKHE XapaKTePUCTHKM MAHHIYJSTOPOB, MOATBEpPXKIas
BBICOKH YPOBEHb TEOPETUIECKOH rTyOUHBI UCCIIEIOBAHUS.

[IsiTas riaaBa MOCBsAIIEHa MOJEIMPOBAHMIO W W3roTOBIeHUIO SD-moneneit
napajuieJIbHbIX MaHMITYJIATOPOB. OrnucaHbl IPUMEPbl KOHCTPYKUMH MEXaHHU3MOB
Ul aBTOMATHM3allMy  IITaMIIOBOYHOIO  [IPOW3BOACTBA,  AEMOHCTPHPYIOLIHE
IIPAKTHYECKYIO 3HaYMMOCTh HCCICAOBAHMI 1 €TO NPUKIIAJHYIO LE€HHOCTb.

Ocobbiii  Hay4HbIH HHTEPEC NpeiCTaBIseT Hies I/ICIIOJIL3OBa}iI/ISI IBYX
pabouux OpraHoB B pamkax OJIHOM MapajuleJIbHOM CTPYKTYpbl. Takoil moaxon
[03BOJISeT pean30BaTh KOONEPATHBHbIE CLEHAPHU TPAHCIIOPTUPOBKH, 3axBata M
nepeauyu AeTaled MEKIY CTAHUUAMH TEXHOJIOIMYECKOr0 LMKIIA, YTO OCOOEHHO
aKTyasbHO IpY aBTOMaTH3aLMH IITAMITIOBOYHBIX IIPOLIECCOB.

K HecOMHEHHbIM JIOCTOMHCTBAM JINCCEPTALIMN MOXKHO OTHECTH:

CucTeMHbI TOAXOA K KIACCUPUKALMK K CTPYKTYDHOMY CHHTE3Y
napaJujieJIbHbIX MEXAHU3MOB C JIByMsl BBIXOJIHBIMU 3BEHBSIMU;

PazpaboTKa OpUI'MHAJBHBIX  CTPYKTYD  MCIIONHUTENBHBIX MEXaHH3MOB
TPETHETO U IATOro KJIacCOB, OTBE€YAIOIINX Tpe60BaHI/ISIM MHOTr0o3aJa4yHbIX

MaHHITyJIITOPOB;



KoMIuiekcHbIH

11 KU "

oGpATHYIO KHHeMaTHKy Pézl\;iimecxﬁpm aHaJIM3, OXBATHIBAIOILMH KaK IPAMYIO, TaK 1
’ Y 0COOBIX KOH 3 N

[IOABHXKHOCTH; ¢urypaumii 1 oLleHKy KHHeMaTHIeCKOU

[ToxpobHoe

aHaﬂI’ITW{eIZKOﬁ Me‘;ggiic;lc;mmqecxoe MCCIeNI0BAHKE C TIPUMEHEHHEM TIPUHLHIIOB
CIIHHOTO aHajy3a JUIA POBEPKH TEOPETHIECKUX
pe3yJIbTaToB.

ABTOp 3GGEKTUBHO HCIONB3YeT WHCTPYMEHTBI TEOPUH AHATUTAIECKOH
MeXaHMK¥ U YMCIEHHOr0 MOEMPOBaHHsl. Peanu3arius METo(0B IPOEKTHPOBAHNA ©
ucnonszoBanueM cperl CAD/CAE neMoHCTpHpyeT BbICOKHMH YpOBCHE BIIaICHHUS
COBPEMEHHBIMU HMHXEHepHbIMU TexHonorwsimu. Kpome T0ro, B AuccepTaniu
MpUBEJACHBI NPUMEPBI MHTErpalluu pa3pa0OTaHHBIX MEXaHWU3MOB B KOHKpPETHBIE
NPOMBIILIEHHbIE ~ 33/1a4d, TeM CaMbiM pacilupii  HX MPUMEHHUMOCTb 0T
TEOPETUIECKAX MOJENeH N0 HMHKEHEPHBIX pemenuit. IlpeacTaBieHHAs paboTa
BEIIONHEHA HA BBICOKOM Hay4HO-METOIMYECKOM YPOBHC, XapaKTepu3yeTCs
HOBM3HOMW, CHCTEMHBIM IOAXOJOM H TeOpETHYECKO! TTyOHHOH. [Tosry4eHHbIE
pesy/ibTaTsl B 00NMAcTH CTPYKTYpHO-KHHEMATHYECKOTO  CHHTE3a I aHaIn3a
rapaieNbHBIX MAHHIYIATOPOB ¢ ABYMA paboYnMH OpraHamu oGoramaroT
byHIaMeHTaTBHYIO 623y SHAHWH [0 TEOPHH MEXAHU3MOB H MAILIMH, & TAKKe MMEIOT
TPUKIIaHOE 3HAYCHHUE VLA pOGOTOTEXHHUKH B MAIIHHOCTPOCHHUH.

Ha oCHOBAHUH BBIIIEH3IIOXKEHHOTO, N0JIAraro, 4To JMcCepTallMOHHas padoTa
Haypywesa baTbipa COOTBETCTBYeT ~ TpEOOBaHMAM, — MPEABABIAEMBIM K
JWccepTallMsM Ha COMCKAaHHE cremeHu JOKTOpa (umocopuu (PhD) 1o
HarnpaBJeHUIO 6D071200 - MalHOCTPOCHHS, a eé aBTOp JOCTOMH MPHUCYXICHUA

yKa3aHHOM CTENCHH.

Pum, 25 MapTa 2025T.

/moanucy/
[Tpodeccop Yekkapesid Mapko
(IFToMM President 2016-19, ASME fellow, Dr Honoris Causa)

LARM: JlaGopatopusi poOOOTOTEXHMKH H MEXaTPOHHKH
http://larmlaboratory.net

[Tpodeccop Yexkapeu Mapko
TenedoH +39-06-72597177 E-mail: marco.ceccarelli@uniroma2.it



Yoocmosepumensias HAONUCh

0 3aceudentensemeosanuu noduunnocmu nOONUCH nepesoouuKa

IIepecod ¢ anenutickoeo s .
! THNUUCKORO  SI3bIKA 1A PYCCKUN A3bIK GbINONNEH hepe6oOYUKOM Illenenosou

Kcenueu Ee2envesnoin

B Moniiho Mensn Yloonihon

YemvipHaoyamoe anpens, 06¢ moicaA4U 06a0UaAMb HAMO20 2004.
Pecnybnuxka Kasaxcman, 20poo Anmambot.

oa Anmambvl Pecnyonuku

ucmepcmeom FOcmuyui
noonucu

HO6NEHA,

14.04.2025 2. A, bexewbaesa Bany Ilepnebexosna, nomapuyc 2opo
Kazaxcman, 2ocyoapcmeenuas nuyensus Ne 14018240 evioana Mun
Pecny6nuxu  Kazaxcman — 05.12.2014 2004, caudemenpcmeyo  ROONUHHOCTID

nepesoduuxa Illenenogoti Kcenuu Egzenvesbl. JTuunocme  nepesooyuxa  yemad

OeecnocobHOCmb U NOTHOMOYUSL NPOEEPEHDL.
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