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Modern mechanical engineering requires the creation of high-performance, high-speed,
small metal and energy-intensive designs of multifunctional machines, manipulators,
industrial robots, providing the necessary and reliable conditions for their operation.

Parallel robots with closed kinematic chains have structural rigidity, high lifting capacity
and high positioning accuracy. In this regard, they are used in many branches of modern
industry. The dissertation begins with a comprehensive review of the state of art. Then
there are presented the methods of structurally parametric synthesis and kinematic
analysis of two parallel manipulators (PMs): with three degree of freedom working in a
cylindrical coordinate system, and PM with two sliders. These PMs belong to a
RoboMech class PMs because they work under the setting laws of motions of the end-
effectors and actuators, which simplifies the control system and improves dynamics. PMs
of the RoboMech class work with certain structural schemes and geometrical parameters
of their links.

The first chapter presents a review of the scientific literature, describing the current state
of research in the area under consideration, as well as justifying the choice of research
areas (databases Scopus, Web of Science, etc.).

The second chapter is addressed the structural-parametric synthesis and kinematic
analysis of the RoboMech class PM with three DOF operating in a cylindrical coordinate
system. This PM is formed by connecting the output point to a base using one passive
and two active closing kinematic chains (CKCs). Passive CKC has zero degree of
freedom and it does not impose a geometrical constraint on the movement of the output
point, so the geometrical parameters of the links of the passive CKC are freely varied.
Active CKCs have active kinematic pairs and they impose geometrical constraints on the
movement of the output point. The geometrical parameters of the links of the active
CKCs are determined on the basis of the approximation problems of the least-square
approximation.
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The direct and inverse kinematics problems of the synthesized PM are solved. Numerical
results showed that the maximum deviation of the output point movement from the
orthogonal trajectories is 1.65 %. The 3D CAD model and prototype of the PM have
been made.

On the base of the numerical results analysis of the direct and inverse kinematics
problems, it is established that there is a functionally independent drives, i. e. orthogonal
trajectories of the output point are reproduced by separate drives.

The third chapter presents the structural-parametric synthesis and kinematic analysis of
the RoboMech class PM with two sliders. The proposed PM is formed by connecting two
sliders (input and output objects) using one passive and one negative CKCs. The passive
CKC does not impose a geometric constraint on the movements of the sliders and the
geometric parameters of its links are varied to satisfy the geometric constraint of the
negative CKC. The negative CKC imposes one geometric constraint on the movements
of the sliders and its geometric parameters are determined on the basis of the least-square
approximations. Problems of positions and analogues of velocities and accelerations of
the considered PM are solved, and they are to demonstrated the feasibility and
effectiveness of the proposed formulations. The 3D CAD model and prototype of the PM
with two sliders have been made.

The scientific contribution of this doctoral dissertation deals with the development of the
novel RoboMech class PM with three DOF operating in a cylindrical coordinate system
and PM with two sliders.

The author has shown that he can conduct high quality research with numerous
publications in international journals. Among the publications, one is indexed in the Web
of Science, and the others in Scopus. From the presentation and discussion, | believe that
the candidate has deep knowledge of the subject area and can answer questions with
confidence. Based on the above, | believe that the dissertation was carried out at a high
scientific level and meets all the requirements for the degree of Doctor of Philosophy
PhD. In this regard, | recommend the dissertation work of Mustafa Azamat to defense for
the degree of Doctor of Philosophy PhD in the specialty "6D071200-Mechanical
Engineering".
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TexHosiornyecknii yaupepcuret Jloypenca
IIpopexkTop no akajieMH4eCKMM BOIIPOCAM

Re: Mustafa Azamat
Dissertation Research

OT3bIB HA IHCCEPTALMIO 151 IPUCYKIEHHS CTeNeHH JoKTopa ¢puiocodun (PhD)
Mycradsl Azamarta Ha Temy "HccienoBanue napajjie/ibHbIX MAHUIYJISTOPOB KJacca
RoboMech" ot 3apy6e:xHoro nayunoro pykoBoauressi Ph.D., P.E. Tarek Sobh

CoBpemenHoe MalIUHOCTPOCHHE TpebyeT co3JaHus BBICOKOIIPOU3BOAUTEIIBLHBIX,
OBICTPOACHCTBYIONINX, MAJIOradapUTHBIX METAJIOEMKHX M SHEProOeMKUX KOHCTPYKUUI
MHOT'0() yHKIIMOHAJIBHBIX MalluH, MaHHUILYJISITOPOB, IIPOMBILICHHBIX po6oTOB,

oOecrieunBaroUX HEOOXOAUMbIE U HAJIEXKHBIE YCIOBUS JUIsl X PAOOTHI.

[TapanienpHbie pOOOTHI C 3aMKHYTHIMH KHHEMATHUCCKUMH LEMSMH OOJAJal0T JKECTKOCTHIO
KOHCTPYKIIMH, BBICOKOH TIPy30MOIBbEMHOCTHIO M BBICOKOH TOYHOCTHIO MO3HMIMOHHPOBaHUs. B
CBSI3M C 3THM OHH HCIIOJIB3YIOTCS BO MHOTHX OTPAC/siX COBPEMECHHON MPOMBIIIICHHOCTH.
Jluccepranusi HaYMHACTCS CO BCECTOPOHHEr0 0030pa COBPEMEHHOTO COCTOSHHS IO TEMe
UCCJIC/IOBAaHMS. 3aTeM TIPEICTABICHBI METOIBl CTPYKTYPHO-IIAPAMETPHUECKOr0 CHHTE3a |
KMHEMAaTHYeCKOTO aHaln3a JBYX MapauienbHbix ManumyisitopoB (IIM): ¢ Tpems cremeHsMu
cB00OBI, paboTalOMMX B LMIMHAPUYECKOW cucTeme kKoopauHat, U [IM ¢ aByMms moi3yHamu.
Ot IIM otHocsTes k kimaccy RoboMech, TIM kmacca RoboMech o6nanmator cBoiicTBoM
MaHUIYJISHOHHBIX POOOTOB, KaK MEPEMEIICHHE BBIXOIHBIX OOBEKTOB IO 3aJaHHBIM 3aKOHAM
JBIDKCHUI, ¥ MEXaHU3MOB, KaK 3aJaHde 3aKOHOB [BIDKCHHH MPUBOJOB, YTO YIPOIIAET
CHCTeMYy YyIpaBiieHHs W yiydmraeT guHamuky. [IM  kmacca RoboMech pabGotator ¢
OIPE/ICICHHBIMH CTPYKTYPHBIMU CXEMaMH U TEOMETPUYECKUMHE MapaMeTpaMHt UX 3BEHBEB.

B nepeoii cnage mpencTaBieH 0030p HAy4YHOH JIMTEPaTypbl, ONHUCHIBAIOIIUI COBPEMEHHOE
COCTOSIHME€ HCCJIEIOBAaHM B paccMaTpuBaeMou o0O0JacTH, a Takke OOOCHOBaH BBIOOD
HarpaBieHul uccnenosanus (6a3el JaHHbIX Scopus, Web of Science u ap.).

Bmopas 2nasa mocesilieHa CTPYKTYPHO-IAPAMETPUUYECKOMY CHHTE3Y U KHHEMaTHYECKOMY
amamuzy I[IM  kmacca RoboMech ¢ tpems cremensmMu cBOOOIBI, pPabOTAIOIIMMU B
MWIMHIpHYECKON cucteMe koopauHatr. Jlanueni [IM chopmupoBan COeIUHEHHEM BBIXOIHOTO
o0bekTa (TOukH P) CO CTOMKON TPH TOMOINM TPEX 3aMBIKAIONIUX KHHEMATHYECKUX IIeTen
(3KII): ognoit maccuBHO# 1 nBYX akTHBHBIX 3KLI. [Tockonbky maccuBHas 3K1] He HakmaabpIBaeT
TEOMETPUUYECKYIO CBsI3b HaA JIBIDKCHHWE BBIXOJHOW TOYKH, TO €€ TMapaMeTphl CHHTE3a
BAPBUPYIOTCS JIJISl YAOBJIETBOPEHUSI T€OMETPUUECKUX CBsI3€, HaKIabIBaeMbIX akTUBHbIMH 3KI]
Ha JIBM)KEHUE BBIXOJHOM TOYKH. AkTHBHBIE 3KII MMEIOT akTMBHBbIE KUHEMATHYECKHE Mapbl U
HAaKJIaJIbIBAlOT T€OMETPUUYECKHE CBSI3M C BBIXOJHOM TOUYKOW. ['eoMerpuueckue mnapameTpbl
3BeHbeB akTUBHBIX 3K ompeaensroTcss Ha OCHOBE anmMpOKCUMAIIMOHHBIX 3a7a4 YeObIIeBCKOTO
Y KBaJPaTUYECKOTO MPUOITUKCHHIA.
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Pemensr mpsiMasi 1 oOpaTHash KMHEMaTHUECKHE 3agaud cuHTe3upoBaHHOTO [IM. Yuncnenusie
pe3ysbTaThl I0KA3aJd, YTO MAaKCHUMAJIbHOE OTKJIOHEHHE [BMKCHHMS BBIXOJAHOHM TOYKH OT
OpPTOTOHANILHBIX TpaeKkTopuii coctaBisieT 1,65%. M3rotoenenst 3D CAD-Moaens u mpoTOTHII.

Ha ocHoBe aHanm3a pe3ysbTaToOB UYUCICHHOTO MOJCIUPOBAHUS NPsAMOIl M oOpaTHON 3amad
KWHEMAaTUKU YCTAaHOBJEHO, YTO CYIIECTBYEeT (YHKIHMOHAIBHO HE3aBHCUMBIH HPUBOA, T.€.
OpPTOrOHAJIbHBIE TPAEKTOPUH BBIXOIHOM TOUKH BOCIIPOU3BOJAATCS OT/IEIbHBIMU IPUBOJAAMH.

B mpemveii 2nase mnpencraBieH CTPYKTYPHO-IAPAMETPUUYECKUM CHHTE3 M KHHEMATHYECKHI
anamu3 [IM kmacca RoboMech ¢ asyms nmonsynamu. Ipemtaraemsiii [IM dopmupyercs mytem
COCTMHEHUEM TIOJ3YHOB (BXOJIHOM M BBIXOJHOW) C MCHOJb30BAaHHUEM OJIHOTO MACCUBHOIO W
onnoro HeratuBHoro 3KII. ITlaccuBubiii 3KI| He HakiagbiBaeT reoOMETPUYECKHE CBSI3M Ha
JIBWKeHUd nyaHcoHa u mnomasyHa C. CiuenoBarenbHo, mnaccuBHass 3K mo3Bossier
BOCIIPDOM3BEJEHUE 3aJaHHBIX JABMWKeHMM mon3yHoB. HeratuBueiii 3KL[ wumeer oany
OTpHUIIATENLHYIO cTeneHb cBoOonbl. Heratupubiii 3KI[ HakmampiBaeT OJHY T€OMETPUICCKYIO
CBSI3b Ha JIBUKEHUS MOJI3YHOB. ['eomeTpruecKkue napaMeTpbl 3B€HbEB ONPEIEISAIOTCS HA OCHOBE
anmnpOKCUMAIMOHHBIX 33/7a4 YeOBIIeBCKOTO U KBaJIpaTUYECKOro npulmmkeHuil. PemieHs
3alayd O TMOJIOKEHMSIX M aHajorax CKOpoCTe U yckopeHuM paccMarpuBaeMmbix [IM.
Uzroronensl 3D CAD-moznens u npototun [IM ¢ aAByms monsyHamu.

HayuHblii BKJIaJ 3TOW JOKTOPCKOM amccepTaiuu pa3padborku HoBoro IIM kimacca RoboMech ¢
TpeMsi CTEMEHIMH CBOOOJBI, pabOTAIONIEr0 B IMIMHAPUYCCKON cHcTeMe KoopauHat, u [IM ¢
ABYMs ITOJI3YHAMMU.

ABTOp TOKa3aj, 4TO MOXKET MPOBOAMUTH KAYECTBEHHBIE HCCIICAOBAHUS C MHOTOYHCICHHBIMU
nyOoIMKaUsAMHI B MEXIYHApOIHBIX KypHanax. Cpeau myOiaukanuii oHa MPOUHIEKCUPOBaHA B
Web of Science, a ocrasibhbie - B SCOpUS. Cy/st 10 Ipe3eHTaI[MH U 00CYKICHHUIO, 51 CUUTAFO, UTO
KaHAMJAT HUMeeT TINyOOKHe MO3HAaHUs B INPEAMETHOM O0JAaCTM M MOXXET C YBEpEHHOCTHIO
0TBEYaTh Ha BONPOCHL. VIcX0As U3 BBIMIECKa3aHHOTO, CYUTAIO, YTO JUCCEPTAIHSI BHITIOJHEHA Ha
BBICOKOM Hay4HOM YPOBHE M OTBEYAeT BCEM TPEOOBaHMSM Ui MOJIYYEHHUS CTENEHH JIOKTOpa
¢dunocoduu PhD. B cBsi3u ¢ 3THM PEKOMEH/IYIO TUCCEPTAIIMOHHYI0 paboTy Mycradbl A3amara K
3allMTe HAa COMCKAHHE YYEHO#l cremeHH MokTopa ¢unocodpckux Hayk PhD mo crnenuanibsHOCTH
«6D071200-MammHOCTpOCHHEY.
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