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ITIpoxonienko JI.II. Amnamiz 1 CHHTE3 JEIKUX MEXaHI3MIB 13 3aMKHEHUM
PYXOMHMHU JIAaHKaMH KiHEeMaTHYHOTO JiaHIrora. — KpamidikaiiifHa HaykoBa mparis Ha
paBax pyKOITHUCY.

Hucepraiisi Ha 3100yTTS HAYKOBOTO CTYINEHS KaHJIWUJATa TEXHIYHUX HayK
(moxtopa dimocodii) 3a cnemianpHicTIO 131 «IIpuknagra wmexanika» (13 —
MexaniuHa imxkeHepis). — IBaHo-DpaHKIBCHKMIT  HAIlIOHATHHUN  TEXHIYHHMA
yHiBepcuTeT HadTH 1 razy, IBano-dpankiscek, 2021.

06’exkm OocniodxcenHs — 3aKOHOMIPHOCTI ICHYBaHHS MeEXaHI3MIB Ha 0asl
KIHEeMaTUYHUX JIAHIIOTIB (DparMeHT SKUX 3aMKHEHMM DPYXOMHMH JIaHKaMH, IO
MICTSITh TiJla KOYEHHS.

IIpeomem Oocnioxcennsi — MEXaHI3MHU 3 KOHTYPOM KIHEMaTHYHOTO JIAHIIIOTa,
3aMKHEHUMH (PparMEeHTaMu PYXOMHX JIAHOK, 1110 MICTSATh Tija KOUCHHS.

[cHye minui Kjac MPUCTPOIB Y BUIIISAI KOHIEHTPUYHUX 1 €KCLHEHTPUUHHUX
Oe3cenapaTopHUX MiAMUITHUKIB, PPUKIIAHUX 1 3y0OUacTHX TUTAHETApHUX IMepeaad Ta
IHIINX MeXaH13MIB. BoHH ABIISIIOTE CO0010 200 MICTATEH B IKOCTI OCHOBHOI CKJIaJ0BOI1
YaCTUHM 3aMKHYTY CHCTEMY TUI KOouyeHHs. Po3poOka METOMIB CTPYKTYpHOTO it
KIHEeMaTHYHOTO aHali3y Ta CHUHTE3y TaKUX MEXaHI3MIB € aKTyaJbHOI0 HayKOBO-
TEXHIYHOIO 33]a4€IO.

Mertoro poOOTH € aHalli3 1 CHHTE3 Ha pPIBHI CXeM HOBHX MEXaHI3MIB Ha 0as3l
3aMKHYTHX PYXOMHUMH JIAHKaMH, BKJIIOYAIOYM W TUIa KOYEHHS, KIHEMaTUYHUX
JIAHIIOTIB JIJIs1 OTIOPH CTPUIIOBUX KPaHiB, IPUBOJY TJIPOHACOCIB 1 FAPABUTPATOMIPIB.

VY pe3ynbTari aHaizy MOXKJIMBOCTI ICHYBaHHSI O€3CTPIYKOBUX JI€3aKCUATBHUX
MexaHI3MIB Ha 0a3l 3aMKHEHHM PyXOMHUMH JIAaHKaMH KiHEMaTHYHOTO JIaHIora 0e3
KIHEMAaTUYHOTO KOB3aHHS OYJ0 BCTAHOBJIEHO, IO MeEXaHI3M 13 KiIHEMaTHYHUM
JAHITIOTOM, 3aMKHEHUW TiJJaMd KOYEHHsS 0e3 KOB3aHHS 3 HANpSIMHUMHU 3MIHHOTO
paaiyca KPWBHU3HHM, CTBOPUTH HEMOXKJIMBO, a IIUI ITOBHHEH pPO3TAIlIOBYBATHCS
aKciaJbHO.

[Ipn gochimxeHHl XapakTepy 3MIHM TOPOXKHHUHU TigpoHacoca OyB

PO3pO0JIEHUI aITOPUTM, SIKMM JTO3BOJISIE BUBHAYUTH IUIOULY POOOYMX KaMmep Hacoca,



Ta 3a MOTeOM BU3HAYUTH 3aKOHOMIPHOCTI il 3MIHM TpPH 3MiHI T€OMETPUUYHHX
napaMeTpiB MEXaHi3My.

byna po3p’s3aHa panime He BifiomMa 3ajaya 3BEICHHS Mac y TPHUIAPHOMY
Je3aKCiallbHOMY MEXaH13Ml TUIY «POJIOMAMT» 10 BX1JHOTO POJIMKA, IKHH PyXaeTbCs
TUIOCKO-TIapalieNIbHO 1 BU3HAYEHO, L0 HaiOinbllla BEJMYMHA 3BEJCHOIO MOMEHTY
iHEpIii Ma€e MicIle IpH KyTi MOBOPOTY LOro posnka Ha 83°,

byB 3MonenvoBanmii mporec aedopmaliii CTpIYKA 1 BCTaHOBJIEHO, L0 B
Iporecl eKCcIuTyaTallli CTpidyka 3MIHIOE CBOi T€OMETPUYHI PO3MIpPH Tak, IO

MIHIMaJIbHA 1 MAakCHUMallbHa JOBXHUHA paocsrae 3HadeHHda L., =430,591wm Ta

Lax =430,951mm, mpudoMy CTpiuKa 3A1MCHIOE CBIM HE3ANEKHHH PyX 1 3a OIUH

m
MOBHUM 00EpT BXIJHOTO pOJIMKA POOUTH OJU3BKO TPbOX MOBHUX 00epTiB. bynu
noOyA0BaH1 KUIbKICHI aHATITHYHI OIIHKUA jAedopmariii CTpIiUKKM 3a OJUH 00epT
poJuKa.

3anpornoHOBaHEe YTOYHEHE PO3B’sSA3aHHs 3a]aul BUSHAYEHHS CUJIM HATSKIHHS
THYYKOI CTPIYKH, IO B3a€MOJIIE 3 POJMKOM JJIsi BU3HAYEHHSI HOPMaJIbHOI peakilii Ha
MOBEPXHI POJIMKA.

VY pe3ynbTaTi TEOPETUYHUX JOCHIKEHb OYJI0 CHPOEKTOBAaHO Ha PiBHI
BUHAXO/IIB T1JPOHACOC Ta BUTPATOMIP 32 YMOBHU BIJCYTHOCTI TEPTS B KOHTAKTI TiI
KOYEHHSI, BAKOPUCTaHHS 3aMKHEHOT'O MPOCTOPY AJIsi PO3MIIICHHS JIJAHOK OTIOPH, SIKi €
OJIHOYACHO 1 BUKOHABYMMU OpraHamMu. Y BUTPATOMIpl BCTAHOBJIEHA 3aKOHOMIPHICTh
3MIHU KyTOBHUX IIBUJIKOCTEW POJIMKIB Bl 3MIHH JIIHIMHOI IIBUKOCTI IOTOKY P1AWHH.

JlezakcianbHUN MeEXaHI3M THUIY «pOJIaMalT» 3 TpbOoMa MapamMu pPOJIMKIB
BUKOPHUCTAHUN JUIS CHHTE3y Ha PIBHI BMHAXOAy TiApoHAcoca 3 OOIpYyHTYBaHHSIM
palioOHANIBHOTO PO3MILIEHHSI BIYCKHMX Ta BHUIIYCKHUX BIKOH 1 MOKJIMBICTIO
OJIHOYACHOTO HArHITaHHS JBOX PI3HUX piauH. J[J1s HROTO BHU3HAYEHI 3aKOHOMIPHOCTI
3MiHE 00’eMy poOoumx Kamep. Y Je3aKcialbHOMY Ta MEepiCTAbTUKOBOMY HacocCax,
HAa BIAMIHY BiJ 1HIIMX MEXaHI3MIB THIy «poJlaMaiT», 3alpONOHOBAHUN
CJIEKTPOMArHITHUN  TPUCTPIA I  TPUBOLY  JIAHOK Yy  3aMKHEHOMY
npoctopi.CUHTE30BaHa Ha PIBHI BHUHAXOAY OpHUTIHAJIbHA OMNOpa I[MOBOPOTHOTO
CTPUIOBOIO KpaHy Ha 0a31 MeXaHI3My 13 3aMKHEHUM pYyXOMHM JIaHKaMu

KIHEMAaTUYHOTO JIAHIFOTa, B SIKOMY OIOPHHMH BHUKOPHCTAaHI KOHIYHI POJIMKH, a



Cenapyr4YiuMH — KyJIbKH MOOJIH3y TOPIIB POJMKIB, JO3BOJIUIO 3MEHIIUTH rabapuTu
OMOPHUX TOBEPXOHb, YHUKHYTH TEPTS KOB3aHHS MIXK TIJJaMU KOYEHHS Ta TOPKAHHS
KUICIb TOPISIMHU POJIUKIB.

KurouoBi caoBa: mepms kouenmns, mepms KO83aHHs, napu mepms, mepms,
MTP, ponramaiim, cmpiuxa, Oe3wosHa cmpiuxka, opmyna Eiinepa, aunanimuuni
3ANeAHCHOCMI, HANPYIHCeHO-0edhopMosaHull cmaw, 2i0poHacoc, 2iopasiivHull npusio,
8UMPAMOMIP, ONOPA NOBOPOMHO20 CMPINO8020 KPAHY, HACOCHE 00IAOHAHHS, HACOC
3AMKHEHUL PYXOMUMU JaHKamMu Kinemamuunux nanyroeis, 3PJIKJI, 36edenuii momenm
iHepyii, niowja Kamep HAcoca, Noimep, Mmemanesull QOPUKYIUHUL elemeHm,
PpO3noodilena maca, MOMeHm IHepyii, KIHemuuHa eHepeis, Kymosa WEUOKICb,
KDYMHUU —~ MOMEHM, MeXAaHiuHa  83ae€MO00isd, MeXaHiuna  cucmemda, 3MiHHe
HABAHMAMNCEHHs, Hagmozazose 00JAOHAHHA, YUKTTYHUL pO3MA2, YUKIITYHUL CMUCK,
B8MOMHA MIYHICMb, HeaAcCypo8CbKA CMPYKMYPHA 2PYNRaA, 2eoMempudti napamempu,
CUNIOBUU AHAL3, KIHEMAMUYHUL AHANI3, OUHAMIYHUL CUHME3, AIIOMIHIU, MIKPOOY208e
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Prokopenko D.P. Analysis and synthesis of some mechanisms with closed
movable links of the kinematic chain. - Scientific studies on the rights of manuscripts.

Thesis for the degree of Candidate of Technical Sciences (Doctor of
Philosophy) in the specialty 131 «Applied Mechanics» (13 - Mechanical
Engineering). lvano-Frankivsk National Technical University of Oil and Gas, Ivano-
Frankivsk, 2020.

The object of the study is the regularity of the existence of mechanisms based
on kinematic chains, closed by movable links containing rolling bodies.

The subject of research is mechanisms based on kinematic chains closed by
movable links containing rolling bodies.

There is a whole class of devices in the form of concentric and eccentric

unscathed bearings, friction and toothed planetary transmissions and other



mechanisms. They consist of, or contain as a major part of, a closed system of rolling
bodies. The development of methods for structural and cinematic analysis and
synthesis of such mechanisms is a topical scientific and technical task.

The aim of the study is to analyze and synthesize at the level of circuits of new
mechanisms on the basis of closed movable links, including rolling bodies, kinematic
chains for support of arrow cranes, drive of hydraulic pumps and hydraulic flow
meters.

The analysis of the possibility of the existence without tape-de-axial
mechanisms on the basis of the closed movable links of the kinematic chain without
kinematic slipping showed that the kinematic chain mechanism, closed rolling bodies
without slipping with variable radius of curvature guides cannot be created, and the
spike should be axially located.

In the study of the nature of the change in the cavity of the pump, an algorithm
was developed, which makes it possible to determine the area of working chambers
of the pump and, if necessary, to determine the regularity of its change in the
geometric parameters of the mechanism.

The previously known problem of erecting masses in a tripartite axial
mechanism such as "rolomate” to an input roller which moves flat-parallel and is
determined, That the highest value of the combined moment of inertia occurs when
this roller reaches a turning angle of 83 degrees.

The tape deformation process was simulated and it was found that during the
strip excavation process, the tape changes its geometric dimensions so that the

minimum and maximum length reaches a value of L., =430,591un and
L = 430,951mm, moreover, the tape performs its own independent movement and

in one complete turnover of the input roller makes about 3 complete revolutions.
Quantitative analytical estimates of tape deformation per roller rotation were
constructed.

The proposed refined solution to the problem of determining the tensile
strength of a flexible tape interacts with a roller in order to determine a normal

reaction on the surface of the roller.



As a result of theoretical research, it was designed at the level of inventions,
hydranass and flowmeter due to the condition of absence of friction in the contact of
rolling bodies, use of a closed space for the arrangement of the support links, which
are at the same time executive organs. The meter has a regularity of changing the
angular velocities of the rollers from the change in the linear speed of the flow of the
liquid.

An axial rolamite-type mechanism with three pairs of rollers is used for
synthesis at the level of the invention of a hydraulic pump with justification for the
rational arrangement of inlet and outlet windows and the possibility of
simultaneously pumping two different liquids. For it, the pattern of changes in the
volume of the working chambers has been determined. In the axial and peristaltic
pumps, unlike other mechanisms of the type of rolamite, an electromagnetic device
for driving the links in a closed space is proposed. Synthesized at the level of the
invention, the original support of a rotatable arrow crane on the basis of a mechanism
with closed movable links of the kinematic chain, in which conical rollers are used as
support elements, and the separating ones - balls that are closed to the ends of the
rollers, thus reducing the dimensions of the supporting surfaces, avoiding skid
friction between the rolling bodies and contact of the rings by the ends of the rollers,
made it possible to reduce the dimensions of the supporting surfaces and to avoid
skid friction between the rolling bodies and contact of the rings by the ends of the
rollers.

Keywords: rolling friction, sliding friction, friction pairs, friction, rolamite
mechanism, rolamite, belt, seamless belt, Euler's formula, analytical dependencies,
stress-strain state, hydraulic pump, hydraulic drive, consumption indicator, support
for a turning jib crane, pumping equipment, closed kinematic chain pump with
moving links, closed kinematic chain with moving links, combined moment of
inertia, space of pump chambers, polymer, metallic friction component, distributed
mass, moment of inertia, kinetic energy, angular velocity, torque, mechanical
interaction, mechanical system, changeable load, oil and gas equipment, cyclic

tension, cyclic compression, fatigue strength,  non-Assur structural group,



geometrical parameters, force analysis, kinematic analysis, dynamic synthesis,

aluminium, micro-arc oxidation.



