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Parallel robots with closed kinematic chains have structural rigidity, high
lifting capacity, high positioning accuracy and significant response time. In this
regard, they are used in many branches of modern industry. This doctoral
dissertation is about "Kinematic analysis of a novel 3-PRRS tripod type parallel
manipulator”. The dissertation begins with a comprehensive review of the state of
art. The work is focused on developing a new parallel robot with six degrees of
freedom and three legs. Each leg is defined by a kinematic chain of PRRS type. The
translational movements of the three input translational kinematic pairs along three
guides located at an angle of 120 degrees are carried out by three hydraulic
cylinders. Rotational movements of the three input kinematic pairs are carried out
by three servos, moving together with the rods of three hydraulic cylinders.

To study the geometry and kinematics of the developed parallel robot of
the tripod type, in contrast to the existing Denavit-Hartenberg method, in each
kinematic pair, not one Cartesian coordinate system, but two Cartesian
coordinate systems are rigidly connected. Moreover, each of these Cartesian
coordinate systems is rigidly connected to each element of the kinematic pairs.
Then the transformation matrix between the selected coordinate systems contains
not four parameters, as in the Denavit-Hartenberg matrix, but six parameters. The
iransformation matrices of coordinate systems rigidly connected at the ends of
binary links are matrices of binary links, the constant elements of which characterize
the geometry of the binary links. The transformation matrices of coordinate systems
rigidly connected with the elements of the kinematic pairs are matrices of the
kinematic pairs, the variable parameters of which characterize the relative
movements of the elements of the kinematic pairs. On the basis of the matrices of
kinematic pairs and binary links, matrix equations of the closeness of the contours
are compiled, which are used fo study the kinematics of a new parallel robot of

the tripod type.
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In the first chapter, the degree of freedom is determined, as well as
the forward and inverse kinematics of the new parallel manipulator of the fripod
type are solved. In forward kinematics, the polynomial method is used, with the
help of which it is possible to determine all the configurations of the movable
platform of the parallel manipulator. Results are verified using the inverse
kinematics. In the inverse problem, the equations for limiting rotational kinematic
pairs are taken info account.

In the second chapter, the trajectory of movement of the center of
the moving platform is determined. The workspace of the tripod is constructed by
the method of numerical selection. The workspace is determined using the direct
and inverse kinematics problem. The results of numerical calculations are
presented, which show the effect of changing the prismatic kinematic pairs on the
workspace of the proposed parallel robot. The workspace in the upper part of the
parallel robot increases in case of smaller values between the prismatic kinematic
pairs a considered. However, for large values between the prismatic kinematic
pairs, the workspace in the lower part of the parallel robot increases.

In the third chapter, the Jacobi matrices connecting the input and
output generalized coordinates are defined. The Jacobi matrices are augmented
with constraint equations and a singular analysis of the tripod is done. The direct
and inverse velocity problems are solved. The inverse velocity problem is checked
using the direct problem. Using the "half division” method, the positions of the
parallel manipulator were determined when the Jacobian matrix J_X vanished,
and the accuracy of the singular analysis was checked. The workspace free of
singulars configurations was determined. It is proved that the workspace without a
singular configuration can be increased by changing the distance between the
prismatic kinematic pairs.

The results of all calculations are displayed in the form of tables and
are visually shown in the form of graphs implemented under Matlab program.

The scientific contribution of this doctoral dissertation deals with the
development of a novel parallel manipulator 3-PRRS with six degrees of freedom
with an increased workspace. The proposed parallel robot is based on the
previously existing parallel robot 3-RRS.

The author has shown that he can conduct high quality research with
numerous publications in international journals and conferences. Among the
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‘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 caried 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 Kaiyrov Rustem Aibekovich for
defense for the degree of Doctor of Philosophy PhD in the specialty "6D060300-

Mechanics".
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Pellen3us Ha AUCcepTaLMOHHYI0 paboTy nokropanta PhD Pycrema KaiisipoBa Ha
TeMy: «Kunemamuueckuii ananus Hosozo napannensrozo manunynamopa 3-PRRS
muna mpunoo»

YueHoit koMuccun Kazaxckoro HalOHAIbHOTO YHUBEPCUTETa UMEHH anb-Papabu

[TapannensHele poGOTEl, MMelOIME 3aMKHYTble KHHEMAaTH4YECKHE LENH
00/1aIaI0T YKECTKOCTHIO KOHCTPYKLIMK, HMEIOT OOJNBIIYI0 TIpy30I0ABEMHOCTb,
BBICOKYIO TOYHOCTH MO3ULMOHMPOBAHHSA U 3HAYMTENbHOE ObIcTpoxeiicTre. B
CBA3M C OTUM  HCHOJB3YIOTCS BO  MHOTHX  OTpaciixX COBpPEMEHHOMI
NPOMBIIIJIEHHOCTH. OTO JOKTOpCKas JucCepTalys IOCBAIIeHa Ha TeMY
«Kunemarudeckuii aHaIH3 HOBOTO IapajulebHoro MaxumynsTopa 3-PRRS Tuma
tpunon» ("Kinematic analysis of a novel 3-PRRS tripod type parallel
manipulator"). J{uccepraiys HayMHAETCS M3 BCECTOPOHHEro 0030pa JIMTEPaTyphl.
B paore pa3spabaTbiBaeTcsi HOBBIN MapasIeNbHBI POOOT C LIECTBIO CTEHNEHAMH
cBOOOIBI U TpeMsl HOTaMH, Kak[aas W3 KOTOPBIX IPEeACTaB/IsIeT KHHEMaTHYECKYIO
nens Buma PRRS. IlocTymarenpHble ABHXKEHHS TpeX BXOMHBIX IOCTYNATENbHBIX
KHHEMaTHYeCKHX Tap M0 TPeM HAMpaBIsIoIUM, pacroNokeHHbIM oA yriom 120°,
OCYLIECTBISIOTCS TpeMsl TUAPOLMIMHIApaMH. BpaiiarenbHble IBMXKEHUS Tpex

BXOOHBIX KHHEMATHUYCCKHX IIap OCYIIECTBIAKOTCA TpEMsS CEPBOIPHBOAAMH,
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ABMOKYIITUMHUCS BMECTE CO INTOKaMU TPEX T’MAPOIMIMHAPOB.

I[J'Iﬂ HCCJIeNOBaHHUs TI'€OMETpPHH W  KHHEMAaTHKHU pa3pa6aTI>IBaeMoro

R

nmapaJijIeJIbHOI'O po60Ta THIIa TPHUIIOA, B OTIHYHE OT CYMICCTBYIOLIECTO METoAa

JlenaButa — XapreHOepra, B K10l KHHEMaTU4eCKOH Mape TBEPAO COEMUHSIOTCS
HE OIHA JeKapToBa CHCTEMa KOODJWHAT, a JBe JeKapTOBBl CHCTEMBI KOOpAMHAT.
[Tpuyem Kaxkaast U3 STHX JEKapTOBBIX CHCTEM KOOPAMHAT TBEPHO COENUHSETCS C
Ka)XIpIM DJIEMEHTOM KHHeMaThueckux map. Torma marpuua npeoGpasoBaHus
MeXTy BBIOpaHHBIMM CHCTEMaMH KOOPIMHAT COIEPXKUT He YeThIpe MapaMeTpa Kak

y Marpuibl [leHaBuTa — XapreHoepra, a mecTh napaMeTpos.
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Marpuupl npeoGpa3oBaHus cucTeM KOOpPAMHAT, TBEPHO COEIMHEHHBIX Ha
KOHLAX OHHApHBIX 3BEHBEB, SBISIOTCS MAarpHLAMH OHHApHBIX 3BEHbBEB,
MOCTOSHHBIE 3JIEMEHTBI KOTOPhIX XapaKTepH3yIT reOMeTPHIO OMHApHBIX 3BEHBEB.
Martpuibl  npeoGpa3oBaHusi  CHCTEM KOOpJIMHAaT, TBEPAO COCAMHEHHBIX C
SJIEMEHTAMH KHHEMAaTHYECKUX Map, SBIAIOTCS MaTpUIlaMHd KHHEMAaTH4YEeCKHX IIap,
IICPEMEHHBIC TIapaMETPhl KOTOPBIX XapaKTePU3yIOT OTHOCHTEJIbHBIE IBHIKEHHUS
9JIEMCHTOB KHWHEMaTH4eckux mnap. Ha ocHoBe MaTpull KMHEMAaTHYECKHX IMap U
OMHAPHBIX 3BEHBEB COCTABIISIOTCS MATPUYHBIE ypaBHEHUS 3aMKHYTOCTH KOHTYPOB,

KOTOPBIC HCIIOIB3YIOTCS ISl MCCJIENOBAaHUSI KUHEMAaTUKH HOBOIO IapajulesIbHOIO
poboTa TuIa TpHIoz.

B mepsoii maBe ompenensercss cremeHb cBOGOMBI, pelnaeTcs NpsMas
obparHasi KMHeMaTHKa HOBOIO Mapa/uIeNbHOr0 MaHMITyNSTOpa TUMA Tpurox. B
NPSIMOM  KUHEMATHKe HCIIONB3YeTCsl METOA IMOJMHOMOB, ¢ MOMOIIBIO KOTOPOTO
MOXXHO OINpEIEeNUTh BCE KOHGHUIypaluH MOABMKHON IIAT(GOPMBI MapauIebHOro
MaHHUIYJIATOpa. Pe3ynpraTel mpoBepsieTcs ¢ MOMOILUBIO 0OpaTHOW KUHEMATHKH. B
o0paTHOM 3ajaue YYWTHIBACTCS YpaBHEHHs OrPAHWYEHHMS BpAILATENBHBIX
KHHEMaTUYeCKUX Iap.

Bo BTOpO#i m1aBe onpenensercs TpPaeKTOpHs JBHKEHHs LEHTPa MOABUYKHOM
mIaTpopMBbl, CTPOUTCs pabouas 30HA TPHUIIOAA METONOM UHCIEHHOTO Moadopa.
Paboyast 30Ha ompenensdercs C TOMOIIBIO NpIMOH W oOpaTHOM 3amaum
KuHeMaTHKd. IIpUBOAATCA pe3ynbraThl YMCIEHHBIX pacyeToB, TINe [0Ka3aHa
BIIMSHME M3MEHEHHS NPU3MATHYECKHX KMHEMAaTHYECKHX Map Ha pabodyio 30HY
JIAHHOTO MApAJIENFHOrO pob0oTa, TO €CTh NPH MEHBUIMX 3HAYECHMSX MEXKILY
NPU3MaTHYECKUMH KHHEMATHYECKHMMH TapaMM YBeJIHYUBAETCS pabouast 30Ha B
BEepXHell 4YacTW mapajulelbHoro pobora, a mnpu GONBIIMX 3HAYEHMS MeXIy
NpU3MAaTH4eCKUMH KHHEMAaTHYeCKHMH IapamMu yBelTHYMBaeTcsi pabodas 30Ha B

HIDKHEH yacTu napajjieJIbHOIo po60Ta.



B Tpereii miaBe onpenensioTcss MaTpUiibl SIKOOH CBS3BIBAIOIIME BXOAHBIC H
BBIXOJHBIe O00OOIEHHble KoOpauHarhl. Marpuipsl SIkoOH JONONHAKTCS  C
TOMOIIBIO YpaBHEHUI OTpaHWYEeHMs, U JeaeTcs CHHTYJIAPHBIN aHalu3 TPHUIOAA.
Pemaetcs mpsiMast ¥ oOparHast 3amada ckopocTd. IIpsmas 3agada CKOPOCTH
NMpoBEpSIeTC ¢ TMOMOUIBIO OOpaTHOM 3amaud M HaobopoT ofparHas 3adaqa
CKOPOCTH NPOBEpSIeTCSA C IMOMOIIBIO NpsAMOIl 3amadu. MeTofoM «IIOIOBMHHOIO
fieneHus» ObUIM ONpenerieHbl MOJNOKEHUS NapajlIelbHOrO0 MaHUIYJIATOpa IpH

Ix
obpalleHdd B HOJb MaTpuupl Skobu , ¥ OBUIO IPOBEPEHO TOYHOCTH
CHHTYJSPHOTO aHaNK3a. Belin mpoBepeHbl 0cobble KOHQUIypalli MaHHUITYIIATOpa

Zp

Ha Pa3HOH BBICOTe (B 3aBUCHMOCTH OT 3HaY€HHsl ) U OmpeneseHa paboyas 30Ha
6e3 cuHrynspHOl KoHuUrypanuu. JlokazaHo, 4To paGodast 30Ha 6e3 CHHIY/IIPHOU
KOH(UIypalMuyu MOXeT ObITh yBeNMYeHa 3a CYeT M3MEHEHHS PACCTOSHUSA MEXIY
TPU3MaTHYeCKUMH KHHEMaTHUeCKMMH IIapaMH.

Pe3ynsTaThl BceX pacueToB BBIBEIEHBI B BU/E Tab/IMIl ¥ BU3YallbHO ITOKa3aHa
B BUze rpad)uKoB B mporpamme Matlab.

HayuHbIM BKJIQZIOM 3TOH JOKTOPCKOH MMCCEpPTAaluH, SBISETCS CO3JaHUEe
HOBOTO MapajuiensHoro MaHumynsaropa 3-PRRS ¢ mecTsio creneHsiMu CBOOOMEI C
yBeJIMYEHHOM pabodell 30HOH Ha OCHOBE paHee CYIIECTBYIOLIETO MapajlielbHOro
poGora 3-RRS ¢ Tpems cTemeHSAMH CBOOOABI M AETAIbHBIA KHHEMaTH4eCKHii
aHaJM3 HOBOTO MapallieIbHOr0 MaHHUITYJIATOpa THIIA TPUTIOL,.

ABTOp T10Ka3aJ1, YTO MOXXET POBOMTH BHICOKOKA4€CTBEHHbIE HCCIIEI0BAHMS
C MHOTOYHMCIEHHBIMH MyONMKAIMAMM B  MEXIYHAapOAHBIX OJKypHajlax u
xoHpepennusax. Cpenu mybnukauuy ofHa npounjexkcuposana B Web of Science, a
npyrue B Scopus. M3 npe3eHTaluu U 06Cy)KAEHHH CYMTA0 YTO KAHU/AT BlajieeT
IyGOKMMH 3HAHMAMU B MPEIMETHOH O6NAacTH M MOXET OTBETUTh HA BONPOCHI C
YBepeHHOCTHI0. Ha OCHOBaHHMH BBILIEU3TIOKEHHOTO Sl CUMTAIO, YTO AMCCEpTALlus
BEITIONIHEHA HA BBICOKOM HAyYHOM YPOBHE M OTBEYaeT BCEM TpeGOBaHMUSIM,
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peKOMEHIYIO  AUCCEPTalMOHHYI0 paGory Kaitblposa Pycrema AiliGexoBrya K

3alMTe  HA  COMCKAaHHe yyeHOM cremenm pokropa ¢mmocopuu PhD 10
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