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MATEMATHUYHE MOJIEJIOBAHHSA TEXHOJIOTTYHOI'O ITPOLECY
3AHYPEHHS ITAJIb HABICHUM BIBPOYJAPHUM IIPUCTPOEM 3
' apPOIMIIYJIbCHUM TIPUBOJOM

IBanuyk 5. B., Sposnii A. A., Kosaas K. O., beab3enbskuii P. C.
BiHHHMIIbKUI HALlIOHATBHUN TEXHIYHUHN YHIBEpCUTET, M. BinHuIs, Ykpaina

Anomauia. Busnaueno eucoxy eghexmueHicmo mexHon02iuH020 npoyecy 3aHypeHHs nalb 3a O0ONOMO2010
NPUKIAOAHHA 3HAKO3MIHHUX IMIYIbCHUX HABAHMANCEHb HA BUKOHAGUUI Op2aH MawuHu. Bucokoeo cmynenio
inmencugikayii npoyecy 3amypenHs naib OOCASHYMO 3ACMOCY8AHHAM PO3POOIEHO20 OPUSIHANLHOO
HABICHO20 [HePYIliHO20 6iOP0YOAPHO20 NPUCIIPOIO 3 2IOPOIMAYALCHUM RPUBOOOM HA 0a3i 080KACKAOHO20
Kaanaua-nynscamopa. Pospobneno nogy mamemamuuny mooens 015 00CAIOHNCEHH MEXHOL0IYHUX NPOYeCis
3AHYpeHHs NAllb HAGICHUM IHepyitHUM GIOpOYOapHUM NPUCMPOEM HA 0a3i 3aKOHI8 2i0pOOUHAMIKU 3
BUKOPUCMAHHAM MEXAHOPEON02iUHOI (peHoMenono2ii U y3azanbHeHux 3aKonie Mmexauiku. Ha ocHosi
PO3pOONIeHOT MameMamuyHoi Mooei MemoOoM KiHYesux 00 eMi8 3a OONOMO20I0 YUCENIbHO20 MOOETI08AHHSL 1L
Memody RpUNAco8Y8AHHI OMPUMAHO PO3NOOLT MUCKY | WeUOKocmi poboyoi piounu 6 2i0poiMnyibCHOMY
npueoodi HAGICHO2O IHEPYIliHO20 6iOpoydapHozo npucmporo. Taxoxc Oyno ompumaro oiazpamu 3MiHU
BIOHOCHOT U aOCOMOMHOL WBUOKOCME PYXOMUX eleMeHmie 2iOpoiMnyabCcHo20 npusoda. Pospobnena
OPULIHATILHA MAMEMAMUYHA MOOENb 3AHYPEHHS NAlb 003601ULA OMPUMAMU 3ATeHCHOCME 3MIHU HANPYHCEHO-
Oeghopmosanozo cmarny nani i nepemiyents YyeHmpie Mac wapie (pyHmy, 3 AKUM 6e3n0cepeoHbO KOHMAaKmye
nans. Ompumani poboui 3aN1eHCHOCI OCHOBHUX POOOYUX XAPAKMEPUCMUK [HePYIliHO20 BIOpOoy0apHO2o
npucmporo Ha 0a3i 2i0poiMAYILCHOZ0 NPUBOOA O0360IUNU OMPUMAMU OCHOBHI pOOOUI 3anedCHOCMI 0l
nO0anbUI020 NIOBUWEHHS eheKMUBHOCI MEXHOL02IUH020 npoyecy 3anypeHHs naits. Ompumani pesyrsmamu
YUCENIbHO20 MOOeNI08AHHs. NOKA3ANU nepesazu 00pano2o nioxody 00 NpoeKmy6anHs, a maKodc 00380IUNU
dosecmu edheKmusHicmv po3pooIeHOi KOHCMPYKY.

Knrouoei cnosa: 3anypenns; npugoo, 2iopoounamixa, naii; IPYHMmM, MOOeI8aHH s

BiOpoynapHuM 3aHypeHHSIM NPUNHHATO Ha3WBaTH 3aHYPEHHsSI TBEPJOro TiIa B OIOpPHE
CepeIOBHIIIE TIi/T TI€F0 IMITYJIBCHOT 1 3HaKO3MIHHOI ¢t [1, 2].

BBeneHHAM IMIYJIbCHO 3HAKO3MIHHOI CKJIaJ0BOi MOXXHAa CYTTEBO 3HHU3UTH MOCTIHHY
CKJIaJIOBY CHJIM, HEOOX1ZHY JUIsl e(peKTUBHOrO 3aHypeHHs. Lle ae MOXIMBICTD 3a J1IOIIOMOTOIO
BIOpOYAAapHUX MAallMH 3aHYPIOBATH MEPEBaKHO B MIIAHI 1 INIMHUCTI IPYHTU €JIEMEHTH, OHip
3aHYPEHHIO SIKUX B 0arato pasiB MepeBepllye CUIy TSOKIHHS BIOpYHO4Oi CUCTEMH. Y BUIAAKaX
3HAaYHOI 3MIHHU BJIACTUBOCTEH IPYHTY MiJ Ai€t0 BiOpallii, 10 Mae Miclie y BOJJOHACHUEHHUX I'PYHTax,
MO>KHA TOOUTHUCS HE TUTBKU 3HUKEHHSI HEOO0X1/THOT AJIs 3aHYPEHHSsI TOCTIMHOT CHITH, aJie i eHeprii,
II0 TPATUTHCS Ha 3aHypeHHS [ 3].

Ji1g eheKTUBHOTO 3aHYpEHHS Majib OyB po3po0IeHN HaBICHUH 1HEepLIHHUN BIOpOyIapHHii
npuctpii (HIBIT) Ha 6a3i rimpoimnyinbcHoro mpuBoaa (') (puc. 1) [4]. Hdauumit HIBIT
CKJIA/IA€ThCS 13 HArOJIOBHUKA 1, KU1 crioydeHult 13 manero, 1 y1apHoi MacH 2, sKa MPUBOAUTHCS
B pyx 3a nonomoroto ['II1, sikuil B cBOIO uepry CKIaAaeThCs 13 BAKOHABYOTO Tiipoummingpa 3 i
reHeparopa iMmynbciB Tucky (I'IT) 5. I'IT o BUKOHABYOTO TiAPONUIIHAPA 3 MiIKIIOYAETHCS 110
cxemi «Ha BXoai» [2] uepe3 rimpoakymymsitop 6. Januii tun migkmodenHs [T no3somse Ha
po6ouwmii oprad 10 (muryH>xep) BUKOHABYOTO T1APOIMIIHAPA MPUKIIATATH CHIIOBE HABAHTAKECHHSI,
sgKke Ma€ (QYHKUi0 3MiHM cuil immynbcHOi ¢opmu [1]. Pobounit nmkn HIB nmoumHaerscs i3
HAIlOBHEHHS T1IpoaKkyMyJsiTopa 6, 1 BIAMOBIIHO aKyMYJIIOBaHHSM B HbOMY THCKY /0 MEBHOTO
3aJJaHOT0 3HAYEHHS P1, SKE 33Ja€ThCS PETYNIOBAJILHOIO MPYXKHMHOIO Ha cepBokianani 9 I'IT 5.
[Ticns mocsirHeHHS 3amaHoro TUCKY Pi, B ['IT 5 BiakpuBaeThes KinamaH Apyroro Kackamy 8, KA



CHOJyYa€e MOPOKHUHY TiApoakymyniaropa 6 i3 poOOYO0 TOPONKHHUHOK BHUKOHABYOTO
rigpomwiinapa 3. Pizke 30U1b1IeHHS TUCKY B poO0Yiil MOPOKHKUHI BUKOHABYOTO TAPOIMIIHIPA
3 3acraBisie IUTYH>KEP PyXaTUCh BBEPX, IO 3aCTaBJISIE 32 COOOIO MiTHIMATH 1HEPIIHHY Macy 2,
OpU LIbOMY CTUCKAIOUM MpYyxHI enemMeHTH 4. Pyx iHepuiiiHOi Macu 2 BBepX CIPUYHHSIE
HAKOMWYECHHIO MOTEHIIIHOT eHeprii Bij Aii CHJI TSOKIHHSA 1 npyXHUX cul. [licis maaiHHs TUCKY B
cucreMi ['lI1 1o THCKY P2, AKUI BU3HAYAETHCSA KOHCTPYKTUBHUMH ITapaMeTpaMH CEPBOKIIanany 9,
iHepLiifHa Maca 2 TIOYMHAE PyXaTHCh BHU3, 110 CIIPUYHHSIE yIapHy B3a€EMOIIIO 13 HarOJIOBHUKOM
1, sxa B CBOIO yepry mnepefaerbcs Ha najto. Takox npu naaiHHi Tucky B cuctemi 'l 1o tucky
P2, BiZOYBa€ThCS CIIONyYEHHsSI POOOYOi MOPOXKHUHN BUKOHABUOTO TiIPOIMIIIHAPA 3 31 3TMBHOIO
JiHiEIO 7, 33 AOMOMOIOI0 KiamaHa apyroro kackaay 8. [Ipu npomy 31vBHa JiHiA 7 crofy4yeHa 13
HA/ATUTYH)KEPHOIO TTOPO’KHUHOIO BHMKOHABUOTO TiNPOLMIIHApPA 3, M0 JOAATKOBO CTBOPIOE
HaBaHTa)XCHHs Ha ruryHxep 10 mpu xo/i BHU3. [laHe KOHCTPYKTUBHE PIlICHHS JI0/1a€ JI0aTKOBY
KIHeTHYHY €Hepriro iHepmiiiHii Maci 2, sKa 03BOJISE€ 30UTBIIMTH EHEPrilo yJapHOTO
HABAaHTa)XCHHS 10 HAroJoBHHUKY 1. B3aramom kepyBaHHSIM CHpaIlOBaHHS KIamaHy APYroro
Kackazgy 8 BiAMOBizae cepBokiamnaH 9.

Puc. 1.3azanvnuii 6u2nao y po3pizi npomomuny HagicHozo iHepyiiinozo 8iopoyoapnozo npucmporo:
a — euo cnpasa; 6 — euo 3nisa

MaremaTruHa MOJIENb TEXHOJIOTIYHOTO POIIECY 3aHypeHHs nab 3a qonoMororo HIBIT Ha
6a3i ['lll, Oyma peamizoBaHa METOJaMH YHCEIHHOTO MOJCIIOBaHHS [5] 3a Jg0mMOMOror



iHpopmariitnoi Texnouorii FSI [4] i koM toTepHEX cucteM [6] Ha 6a3i mporpaMHUX KOMIUIEKCIB
FlowVision [4, 5], APM Structure [2] i Matlab Simulink [3]. Pe3yipraTamMmu MojeIrOBaHHS €
PO3MOALT TUCKY 1 IBUAKOCTI poOouoi pinuHu B podouiit mopoxkuuni ['1I1 HaBicHOTO iHEpIIiIiHOTO
BIOpOYyIapHOTr0 MPUCTPOIO (pHUC. 2), @ TAKOXK 3MIHH KIHEMAaTUYHHUX MapaMeTpiB 3aHypIOBaHOT nai
(puc. 3). JlomaTtkoBi pe3yabTaTH MOJICIIOBaHHS PUBE/CHI y npansx [1-5].

L

Puc. 2. Pesynomamu moodenrosanns pooomu HIBII na 6asi I'lll: &) — po3nodin mucky poéouoi piounu; 6) —
Po3n00in wieudkocmi podouoi piounu
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Puc. 3. /liacpamu 3minu Kinemamuuhux napamempis 3anyproeanoi naji nio uac pob6omu eiopoyoaprozo
npucmpoio na 6a3i I'lTl

OTtpuMaHi pe3ynbTaTH YHCEIFHOTO MOJENIOBAHHS TEXHOJIOTIYHOTO IMPOIECY 3aHYPEHHS
naib 3a gornomororo HIBIT na 6a3i I'lI1, moka3aB nepeBaru 00paHoro miaxoay 10 IpOeKTYBaHHS,



a TaKO JI03BOJIMB JI0BECTU €(heKTUBHICTH po3pobaenoi koncTpykuii I'II1, Ha 6a3i qBoKacka HOTO
KJIalaHa-myJbcaTopa.

Mathematical modeling of pile immersion technological processes by mounted vibro-shock
device with hydraulic pulse drive

Ivanchuk Yaroslav, Yorovyi Andrii, Koval Kostyantyn, Belzetskyi Ruslan

Abstract. The high efficiency of the technological process of pile driving using the application of
alternating impulse loads on the executive body of the machine is determined. A high degree of
intensification of the piling process was achieved by using the developed original hinged inertial vibro-
shock device with a hydraulic pulse drive based on a two-stage pulsator valve. A new mathematical model
has been developed for studying technological processes of pile driving by a mounted inertial vibro-shock
device based on the laws of hydrodynamics using mechanorheological phenomenology and generalized
laws of mechanics. Based on the developed mathematical model, the finite volume method, using numerical
modeling and the fit method, obtained the distribution of pressure and velocity of the working fluid in the
Hydro over the mounted inertial vibro-shock device. Also, diagrams of changes in the relative and absolute
speed of the moving elements of the hydro-pulse drive were obtained. An original mathematical model of
pile sinking was developed that made it possible to obtain dependences of changes in the stress-strain state
of the pile and the displacement of the centers of mass of the soil layers with which the pile is in direct
contact. The obtained working dependences of the main operating characteristics of an inertial vibro-
shock device based on a hydro-pulse drive made it possible to obtain the main working dependencies to
further increase the efficiency of the pile driving process. The obtained results of numerical modeling
showed the advantages of the chosen design approach, and also allowed to prove the effectiveness of the
developed design.
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