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Uocan Ixen OOTPYHTYBaHHS MapaMeTPiB MPSIMUX NaCHUBHUX PEIYKIIHHUX
KJIaITaH1B 3 MEXaHIYHOIO0 CUCTEMOIO yIipaBiiHHA. — KBamidikaliiifHa HayKoBa mparis Ha
paBax pyKOIHCY.

Jluceprariiss Ha 3100yTTS HAyKOBOTO CTyleHs jaokropa ¢igocodii (PhD) 3a
cnemianpHicTIO 131 «IIpukimanna wmexanikay. — Opecbkuii  HalllOHAJIBHUI
MOJIITEXHIYHUH yHIBepcuTeT, MiHiCTepcTBO OCBITH Ta Hayku Ykpainu, Oneca, 2020.

JucepraiiiiiHe JOCIIIKXEHHS NPHUCBSYEHE aKTyaJbHIM MUTAaHHSAM CHHTE3y Ta
aHaJi3y IPUHILIUIIOBO HOBUX MPSMUX MMACUBHUX PENYKIINHUX KIaNaHIB 3 MEXaHIYHOIO
CUCTEMOIO YTIPABIIIHHA Ta OOTPYHTYBAHHIO iX CTPYKTYPHHX MapamMeTpiB.

[TinBUIIIEHHS BUMOT J0 SKOCTI Ta TOYHOCTI TEXHOJOTTYHHUX IPOIIECIB, B pa3i ix
1HTeHCU(DIKalli, MIJBUIIEHHA €()EKTUBHOCTI BHKOPUCTAHHS ICHYIOUHUX HPSIMUX
PEAYKLIHHUX KJaNaHiB, SIK OCHOBHOIO €JIEMEHTY, 110 Y OIBIIOCTI BUMA/AKIB BUZHAYAE
Ipale3laTHICTh TPYOOINPOBOAIB, MNOTpedye iX 3HAYHOTO YJOCKOHAJNEHHS 3a
MOKa3HUKaMH BIAMOBIIHOCTI, KPATHOCTI, @ TAKOK 3MEHILEHHS iX Maco-rabapuTHUX
NOKa3HUKIB. BHUKOpUCTaHHS aKTHBHHUX CHUCTEM pEAYKyBaHHS THCKY, L0 MAaroTh
BUCOKHMIM TIOTEHITAN JUIsl 3HW)KEHHS JWHAMIYHUX TPOIECIB B TPyOOmpoBOAl 1
MPaIOTh Y PEKUMI PEaJbHOIo 4acy, y OUIBIIOCTI BUIAJKIB € HEPEHTA0CIbHUM, B
HACJIZIOK 3HAYHOI BapTOCTI, 1 € BUMPABAAHUM TUIBKKM B YMOBaX Ji¢ BUMOTH JI0 Maca-
rabapuTHUX MOKa3HUKIB 00JIaIHAHHS € HU3bKUMHU. B 1naHuii yac BiJICYTHI HaAyKOBO
OOIpYHTOBaHI pPEKOMEHAAlli MIOA0 PO3MHUPEHHA (YHKIIOHAJBHUX MOMXJIHUBOCTEH
NpSMUX TMACHUBHUX PEAYKIIMHUX KIAMMaHiB, SIKI MalOTh B CBOEMY CKJaJl THIIOBI
JpOCeTi, IO 1 BU3HAYMIIO HANIPSIMOK MPOBEICHUX TEOPETHUHUX 1 EKCTIEPUMEHTATBHUX
JOCTIIKEHb.

B nwuceprauiiiniii po60TI MpOBEAEHO aHai3 ICHYIOUMX KOHCTPYKIINA MPSIMHX
NACMBHUX PEAYKLIMHUX KiamaHiB. AHaii3 MPOBEACHUN 3 BUKOPUCTAHHSM CHCTEMHU

HAyKOBUX TMPHUHIUIIB 1 METOAMK, IO JO3BOJIMIN OOYMOBHUTH 00JIACTi 3aCTOCYBaHHS



OpsIMUX ~ TACUBHUX  PEAYKUIMHMUX  KJIalmaHiB, BUKOHATH  TMOPIBHSAHHSA  iX
(GYHKI[IOHATBHUX MOXKIJIMBOCTEH, IO MOB’sI3aHl 3 iX KIHEMAaTUYHHUMH CTPYKTYPaMH,
BU3HAYUTH OCHOBHI HANpSMKU iX PO3POOKH, a TaKOX BCTAHOBUTH BIUIUB iX
XapaKTepUCTUKU DPEAyKyBaHHS Ha JIWHAMIYHI MpOIlECH B TPyOOIpPOBOAAaX Pi3HOTO
MPU3HAYCHHSI.

OCHOBHMMHU HayKOBUMH pe3yJbTaTaMW pOOOTH € HACTYIHI. Y pe3yibTaTi
MPOBEJCHOTO0 KPUTHUYHOTO aHali3y OUIBIIOCTI THIIB ICHYIOYMX MPSIMHUX MaCUBHUX
PEAYKIIHHUX KJIANaHIB BU3HAYEHO, 110 3 METOI0 PO3MIMPEHHS iX (YHKIIOHAJIBHUX
MO>KJIMBOCTEH HAaHOUIbII IEPCTIEKTUBHIUMH € BUPILICHHS 3a7]a4 CUHTE3Y OB’ I3aHUX 3
PO3IIMPEHHSIM JIOaTKOBUMU MEXaHIYHUMHU CTPYKTYpamH CTPYKTYp ICHYIOUHX
OpSIMUX PeyKUIMHUX KJalmaHiB MEMOpaHHOTO TUIly. Briepiie /Uit CUHTE3y €J1€MEHTIB
TiApO-TIHEBMO amapartypd, y BUIJIAAI TNPUHIMIOBO HOBUX TACHUBHHX MPSIMHUX
peAyKLUIMHUX KJalaHiB, BJAJO BHUKOPUCTaHa METOJAMKA, sAKa Oa3yeTbCs Ha
aKCIOMaTUYHIN Teopii CUHTE3y MPY>KHUX MPUCTPOIB 3 BUKOPUCTAHHIM Teopii rpadis.
B pe3ynbTari 3acTOCYBaHHS I[1€1 METOJIMKH: BIEPILE 3alpONOHOBAHO MPH aHAII3I i
CHUHTE31 NPSAMUX TACHUBHHUX PEAYKIIMHUX KiIamaHiB 3 JOJATKOBOK MEXaHIYHOK
CHUCTEMOIO YIpaBJIIHHS BUKOPUCTOBYBaTH B SKOCTI Mojell Moau(diKoBaHi
KiHEeMaTH4H1 Tpadu, YyTOYHUBIIK ICHYIOUY MOJIEIb Yy BUTIANI MyIbTUrpady, SBHO
BUpaXEHUM oprpadoMm, SKAA BH3HAYAE OCHOBHY (YHKIIOHAJIBHY B3a€EMOJIIO
€JIEMEHTIB KJanaHa; NpU CHHTE31 NpSIMUX [ACUBHUX PEAYKIIHHUX KiamnaHiB 3
JIOJIATKOBOID MEXAHIYHOI0 CHCTEMOIO YIIPaBJiHHA, Brepiie B Tpadosiil momeni
OPUCTPOIO, Y BUINIAAI MOJIM(]PIKOBAHOTO KIHEMAaTUyHOro rpady, HaAyKOBO
oOrpyHTOBaHa 3aMiHa BIpTyaJbHOI KIHEMAaTHM4HOI mapu 4-To Kjiacy Ha ii peajbHHi
aHaJor, IMMOKa3aHo, IO JaHa 3aMiHa IPHU3BOJMTL 10 OararoBapiaHTHOCTI pIIICHB,
3aMpONOHOBAHO JUIsi BUOOPY ONTUMAIBHOTO PIlIEHHS, B pa3l ix 0araToBapiaHTHOCTI,
BUKOPHCTOBYBATH B MaTPUIX CKJIaJaHHS, MPU BU3HAYEHHI eHeprii rpadiB, BaroBux
KOe(DIIIEHTIB B HACTYITHOMY TMPIOPHUTETI: «OCHOBHHUM TapameTp» - «IOTOMIKHHMA

nmapamMeTp» - «TEXHOJIOTIYHA CKJ'IaJIHiCTB BUI'OTOBJICHH», CHHTE30BaHO JBa



NPUHILIMIIOBO HOBHUX TMAaCHBHUX PEAYKUIMHUX KJamaHa, OPHUTIHAJIBHICTh SKHUX
MiTBEP’KCHA BIAMOBITHUMHY IMATEeHTaMH Ha BUHaxoAu Ykpainu ta KHP.

B po6oti Bmepiie po3po6ieHo MaTeMaTUYHI MOJIeNl Ta PO3PaXyHKOBI CXEMH
JUISL OTPUMAHOTO, TPH MPOBEACHOMY CHHTE31, ONTHMAJIBHOTO pIIMIEHHS, SKE Y
NOJAJBIIOMY OTPUMaJI0O KOHCTPYKTHMBHY peanmizauito. lle go3Bommio, uuisxom
Bapiallli KOHCTPYKTUBHUMU TapaMeTpamMu OTPUMATHU XapaKTEPUCTUKU PEIyKyBaHHS,
K1 HEMOXJIMBO pealli3yBaT 3a JOMOMOTOI0 BITOMHUX KOHCTPYKIIIN MPSIMUX MMaCUBHUX
penyKuiiHuX KianaHiB. HaykoBo oOOrpyHTOBaHMM TICHHH B3a€EMO3B’SI30K MIXK
FEOMETPUYHUMHU TapaMeTpaMH JI0JaTKOBOI MEXaHIYHOI CHCTEMM YIPaBIIHHS 1
XapaKTEPUCTUKOI PEAyKyBaHHS, IO OOYMOBWJIO HAMNPSIMKH JOCTIDKCHb II0
BIJITBOPEHHIO IJIbOBUX XapaKTEPUCTHK peAaykKyBaHHsS. [Ipu 1IbOMy BCTaHOBIIEHO IO
MOKa3HUKN €()EKTUBHOCTI 3alpONOHOBAHOIO PEAYKIIIMHOrO KianmaHa 3HAYyHO BUII
HDK y IcHyrounx (koedimient Bigmosimuocti K, = 0,86...0,95 ma BigMiHy Bin
icaytounx k; = 0,56...0,75, Ta koeoimient kpaTHocTi Ki = 2...5 Ha BiAMIHY Bif
icayrounx k=1,5...2,4).

ABTOpPOM 3alpONOHOBAHO MATEMATHYHY MOJEINb JJIsi BU3HAYEHHS JTUHAMIYHO1
CTIMKOCTI ~ pO3pOOJEHUX TMPHUCTPOIB, MNpPU LbOMY HAYKOBO OOIPYHTOBAHO
BUKOPUCTAHHS PI3HUX MOJIENIEH TEePTS B 3aJ€KHOCTI BiJ BHAy poOodoro Tina. [lpu
3acTocyBaHHI uuceiabHOoro merony Pynre-Kyrra ta miarpam Keninrca-Jlamepes
BCTAHOBJIEHO, 110 3alPONOHOBAHUN NPUCTPIA € TUHAMIYHO CTIMKUM, a MOKIIMBICTb
BUHUKHECHHSI aBTOKOJIMBaHb TOB’S3aHE JIMINE 3 BEIWYMHOI Koedili€eHTa B’SI3KOCTI
poGouoro Tijia B Ta 3 BEIMYWHOIO BUTPATH Ha BXOA1 Kianany Q.

B po0oTi mnpoBeneHi MOPIBHSUIBHI JOCHIKEHHS JUHAMIKM TiApaBIivyHOT
CUCTEMH, JI0 CKJIQay SKOi OKpIM PEayKIIMHOTO KJIAMaHy BXOJSATH 1HII €JIEMEHTU
rigpoanaparypu. Y SKOCTI KOHTPOJBHOTO TPUCTPOI0 BUKOPUCTAHO IITUPOKO
PO3MOBCIOKEHUH peaykiiitauii kinanan PJ[-120. BcranosneHo, 1o mpu 3MiHI ojaavi
Hacoca (MpY HE3MIHHUX 1HITUX BUXITHUX JAHWUX) B JOCIIKYBaHOMY Jliara3oHi cTaje

3HAQYEHHS THUCKY B CHUCTEMI 3aJIMIIAETHCS] MPAKTUYHO HA OJHOMY pIiBHI, MPOTE ISl



kianada tuny PJl konuBaHHS TUCKY cTaHOBUTH 12 ... 15%, a ayid 3anpOroHOBaHOTO
kianaa 6 ... 8%, 110 BIAMOBia€ OUiKyBaHIM BUTPATHO-TIEPENaAHIM XapaKTEPUCTHUIIL;
3MiHa 3am001)KHOTO 00CsTY poOOYOTO Tijia 1 CUJIM TEPTS 1ICTOTHO HE BIUIUBAE HA SKICTh
MEPEeXiTHOTO TIPOIleCy, a CTaje 3HA4eHHS THCKY B CHCTEMi Pi 3aJUIIA€ThCS
He3MiHHUM. [Ipu Manux BuTpaTax ais kianana tumny P/ cocrepiratoThes mysbcarrii
TUCKY P1 (6m3bko 15% Bij cTasioro 3HauY€HHS), a JJiA 3alpOIIOHOBAHOTO KiamaHa
MyJIbCAIlil TUCKY MPAKTHYHO BIACYTHI (MeHIe 2% BiJl CTAJIOTO 3HAYCHHS ).

ABTOpOM 3ampoIioHOBaHa Ipoleaypa hopmanizalli CKiIaJJlaHHd MaTeMaTUYHOTO
OMHCY TPSIMOTO ITACHBHOTO PEAYKIIIHHOTO KjamaHa 3 MEXaHIYHOK CHCTEMOIO
VOPABIIHHSA JJI OLIHKKA HOro Mpane3faTHOCTI 3a KPUTEPIIMU MOMMIKH IPHU
CIpallbOBYBaHHI Ta T€PMETHUYHOCTI. Pe3ynbTaTv MareMaTU4YHOTO MOJICIIOBAHHS IO
BU3HAYCHHIO BIUIMBY Pi3HUX YMHHHUKIB HA MMOMUJIKY CIPAIlbOBYBaHHS PO3TJISTHYTOTO
KJIallaHa CBI1A4aTh, 1110 BOHU MOXYTh HOCUTH SIK JIHIMHUHN TaK 1 HEJIHIHHUX XapaKTep
B 3QJIEKHOCTI Bij (hakTopa, 10 3MIHIOEThCS. BCTaHOBIIEHO, 1110 iICHYIOUMM KPUTEPiit
mpane3gaTHOCTI Yy BUIJISAAI TEPMETUYHOCTI JO 3alpONOHOBAHOTO  KJalaHy
3aCTOCOBYBaTH HE MOJXKJIMBO B HACIIJOK HOTO0 KOHCTPYKTHMBHUX BIIMIHHOCTEH Bif
ICHYIOYHX.

BurortoBiieHi ekcriepuMeHTaNIbHI 3pa3Ku Ta CTCHJ JIJIs1 BUIIPOOYBaHb. ABTOPOM
po3po0bJIeHa IporpamMa HU3KH €KCIICPUMEHTIB TIC/IS MPOBEICHHS SKUX IT1ITBEPIKEHO:
aJICKBaTHICTh PO3POOJICHUX PO3PAXYHKOBHX CXEM Ta MaTeMaTHYHHX MOJIEIICH
MPOTIOHOBAHOTO TPHUCTPOIO; TEOPETUYHI TIOJIOKEHHS TPO TICHUM B3a€EMO3B'SI30K
KpUBHM3HU Tla3a HAMNpAaBJISAIOYO0i IUIACTHHUW MPOIMOHOBAHOTO KJamaHa 1 Horo
XapaKTePUCTHKHU peayKyBaHHs (MOXHOKa MK TEOPETHYHUMHU 1 CKCIIEPUMEHTATLHUMHU
JTAHUMHU CTAHOBHTH 0...14 %); TeOpeTHUHI MMOJIOKEHHS PO aBTOHOMHY CTa011i3alito
TUCKYy Ha «BHUXOM1» KJamaHa TMpU 3MiHI THCKY Ha «BXoAi» (MOXuMOKa MIXK
TCOPETUYHMMHU 1 EKCIIEPUMEHTAIbHUMHU JaHUMHU ckiana 8...16 %); TeopeTnuHi

MOJIO’KEHHS PO aBTOHOMHY CTa0LI13allil0 TUCKY «3a KJIamaHOM» IMPH 3MiHI CyMapHOi



BUTPATH B CHUCTEMI 3a «BXOJOM» 3 KjamaHy (IMiTarlisi «BKJFOUCHHS CIIOKUBAYiBY),
[ToxnbOKa Mk TEOPETUIHUMH 1 EKCTIEPUMEHTAILHUMU TaHUMU ckJjana 8...15 %.

TakuM YMHOM MOCTaBJICHI B AWCEpTAIliiHIM poOOTI mim OyiIM JOCATHYTI, a
chopMyILOBaHI HAYKOBI 3aBIaHHS — BUPIIICHI.

[IpakTHyHy IIHHICTH JUCEPTAIlIHHOI POOOTH  MIATBEPHKEHO  aKTaMHU
BIIPOBAKCHHS Pe3yJIbTaTiB 0 IPOMHUCIOBOCTI, a came Huzhou Machine Tool Works
Co.,Ltd (KHP) i TOB "EJIEMEHT" m. Opmeca. a Tako)X BUKOPHUCTOBYIOTHCSI TPH
BUKOHaHHI nepxOromkerHux HJIP MinicrepcTtBa ocBitH Ykpainu. OCHOBHI
MOJIOKEHHSI, BUCHOBKM Ta pEKOMEHJalli, BUKIAJEHI B JUCEpTaLiiHIA poOOoTI,
BUKOPHCTOBYIOTHCS Y HaBUAJILHOMY TpOIeCi [HCTUTYTy MpPOMHUCIOBHX TEXHOJIOTIH,
JU3aiiHy 1 MeHeDKMEHTY, OZ1eChKOro HaIlIOHAIBHOTO MOJIITEXHIYHOTO YHIBEPCUTETY.

Kntouoei cnosa: macuBHIA pEeNyKI[IWHUM KJIalmaH, MeEXaHIYHAa CHUCTeMa
yIOpaBIiHHSA, KiIHEMAaTUYHUU Tpad, MoaudikoBaHUN KiHEMATHUYHHUHA rpad, MaTpUIIs

CKIadaHHA, I_[iJIBOBa XApPaKTCPUCTHUKA PCAYKYBAHHA.

ABSTRACT
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The dissertation research is devoted to actual questions of synthesis and the
analysis of designs of essentially new direct passive reducing valves with mechanical

control system and substantiation of their structural parameters.



Improving the requirements for quality and accuracy of technological processes
in case of their intensification, increasing the efficiency of existing valves of direct
pressure reduction as the main element determining the efficiency of pipelines,
requires their significant improvement in terms of compliance, multiplicity and
reduction of their weight and size. The use of active pressure reduction systems that
have a high potential to reduce dynamic processes in the pipeline and work in real
time, in most cases is unprofitable, due to the significant cost, and is justified only in
conditions where the requirements for mass and size of equipment are low.

Currently, there are no scientifically sound recommendations for expanding the
functionality of direct passive pressure reducing valves, which include typical chokes,
which determined the direction of theoretical and experimental studies.

In the dissertation work the analysis of existing designs of direct passive
reduction valves is carried out. The analysis was performed using a system of
scientific principles and techniques that allowed to determine the scope of direct
passive pressure reducing valves, to compare their functionality associated with their
Kinematic structures, to determine the main directions of their development, as well as
to establish the impact of their reduction characteristics on dynamic processes in
pipelines for various purposes.

The main scientific results of the work are as follows. As a result of critical
analysis of most types of existing direct passive pressure reducing valves, it was
determined that in order to expand their functionality the most promising are the
synthesis problems associated with the expansion of additional mechanical structures
of existing direct pressure reducing valves membrane type.

For the first time for the synthesis of elements of hydro-pneumatic equipment,
in the form of fundamentally new passive direct reduction valves, a technique based
on the axiomatic theory of synthesis of elastic devices using graph theory was
successfully used. As a result of this technique: for the first time it is proposed to use

modified kinematic graphs as a model in the analysis and synthesis of direct passive



pressure relief valves with an additional mechanical control system with refinement of
the existing model in the form of a multigraph; in the synthesis of direct passive
pressure reducing valves with an additional mechanical control system, for the first
time in the graph model of the device, in the form of a modified kinematic graph,
scientifically substantiated replacement of virtual kinematic pair of 4th class with its
real analogue, it is shown that this replacement leads to a variety of solutions;
proposed to select the optimal solution, in the case of their multivariate, to use in the
addition matrices, when determining the energy of graphs, weights in the following
priority: "main parameter” - "auxiliary parameter” - "technological complexity of
manufacture”; two fundamentally new passive pressure reducing valves were
synthesized, the originality of which was confirmed by the corresponding patents for
inventions of Ukraine and China.

For the first time, mathematical models and calculation schemes for the optimal
solution obtained during the synthesis were developed in the work, which later
received a constructive implementation. This allowed, by varying the design
parameters to obtain the characteristics of the reduction, which cannot be realized
with the known designs of direct passive pressure reducing valves. The close
relationship between the geometric parameters of the additional mechanical control
system and the recovery characteristic is scientifically substantiated, which led to the
directions of research of reproduction of the target characteristics of reduction. It was
found that the efficiency of the proposed pressure reducing valve is much higher than
the existing ones (compliance factor k, = 0.86... 0.95 in contrast to the existing
ky = 0.56... 0.75, and the multiplicity factor kx = 2... 5 in contrast from the existing
ke=1.5...2.4).

The author proposes a mathematical model to determine the dynamic stability
of the developed devices, while scientifically substantiated the use of different models
of friction depending on the type of working fluid. Using the numerical Runge-Kutta

method and Kennings-Lamiere diagrams, it was found that the proposed device is



dynamically stable, and the possibility of self-oscillations is associated only with the
value of the viscosity coefficient § and the value of the flow at the valve inlet Q.

The comparative researches of dynamics of hydraulic system which structure
besides the reducing valve includes other elements of the hydraulic equipment are
carried out in work. A widely used pressure reducing valve RD - 120 is used as a
control device. It is established that at change of giving of the pump (at constant other
initial data) in the investigated range the constant value of pressure in system remains
practically at one level, however for the valve of type RD pressure fluctuations make
12 ... 15%, and for the offered valve 6 ... 8%, which corresponds to the expected cost-
difference characteristic; the change in the safety volume of the working fluid and the
friction force does not significantly affect the quality of the transient process, and the
constant value of the pressure in the system p; remains unchanged. At low costs for
the valve type RD there are pressure pulsations pl (about 15% of the constant value),
and for the proposed valve pressure pulsations are almost absent (less than 2% of the
constant value).

The author proposes a procedure for formalizing the mathematical description
of a direct passive pressure reducing valve with a mechanical control system to assess
its performance by the criteria of error in operation and tightness. The results of
mathematical modeling to determine the influence of various factors on the error of
the valve in question indicate that they can be both linear and nonlinear depending on
the changing factor. It is established that the existing criterion of efficiency in the
form of tightness to the offered valve cannot be applied owing to its constructive
differences from existing.

Experimental samples and a test stand were made. The author developed a
program of a number of experiments after which it was confirmed: the adequacy of
the developed calculation schemes and mathematical models of the proposed device;
theoretical provisions on the close relationship of the curvature of the groove of the

guide plate of the proposed valve and its reduction characteristics (the error between



theoretical and experimental data is 6... 14%); theoretical provisions on the
autonomous stabilization of the pressure at the "outlet™" of the valve when the pressure
at the "inlet" changes (the error between theoretical and experimental data was 8§...
16%); theoretical provisions on the autonomous stabilization of pressure "behind the
valve" when changing the total flow in the system at the “inlet" of the valve (imitation
of "consumer inclusion"), the error between theoretical and experimental data was
8... 15%.

Thus, the goals set in the dissertation were achieved, and the formulated
scientific tasks were solved.

The practical value of the dissertation is confirmed by the acts of
implementation of results in the industry, namely Huzhou Machine Tool Works Co.,
Ltd (China) and "ELEMENT". LLC (Ukraine, Odessa) and are also used in the
implementation of state budget research of the Ministry of Education of Ukraine. The
main provisions, conclusions and recommendations set out in the dissertation are used
in the educational process of the Institute of Industrial Technology, Design and
Management, Odessa National Polytechnic University.
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