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Hucepramisi Ha 3700yTTS HAYKOBOTO CTymHeHsS 1OKTOopa dinocodii 3a
cnemianpHicTIO 131 «[Ipuknmagna mexaHikay. — TepHOMUIBCHKUN HAIllOHATBHHMA
TEeXHIYHUH yHIBepcuTeT iMeHi IBana [lymros, Tepunomninab, 2021.

VY nucepranii BUKOHaHO TEOPETHUYHE Ta €KCIEPUMEHTAIbHE HOBE BUPIIICHHS
HAyKOBO-TIPUKJIQJHOI ~ 3a/ladl  TEXHOJIOTIYHOTro  3abe3meyeHHs  BiOpariiiiHo-
BIILIEHTPOBOTO 0OPOOJIEHHS JIeTallel CKIaIHOTO NMPO(UI0 B CUITy4OMY a0pa3suBHOMY
CEpEeIOBUII 13 PO3POOJICHHSIM TEOPETUYHUX TEPEAYMOB, TEXHOJOTIUHUX MPOIIECIB,
MIPOCKTYBAaHHSIM Ta BUTOTOBJICHHSM TEXHOJIOT1TYHOTO YCTAaTKyBaHHS, IO 3a0e3Ieuye
MIJBUILEHHS MPOJYKTUBHOCTI 13 3a0€3ME€YEHHSIM BCTAHOBJIEHOI SIKOCTI 0OpOOIeHUX
MOBEPXOHb.

Ha ocHOBi cucTteMHOro migxomy A0 AOCTIHPKEHHS TEXHOJIOTTYHHUX MPOIECIB
B1OpaIiifHO-BIAIIEHTPOBOTO OOpOOJICHHS JieTaliei B CHIydoMy aOpa3sHMBHOMY
CepeloBHUIlll Y poOOTI OTPUMAHO TaKi HaAyKOB1 Pe3yJIbTaTH:

- HaOyJau TOJAJBIIOrO PO3BUTKY AaHANITUYHI 3aJIEKHOCTI [JIi BHU3HAYCHHS
KIHETUYHOI €Heprii CHJIOBOI B3a€EMOJIi  €JIEMEHTIB CHUITydyoro aOpa3uBHOIO
cepelioBUIlla 3 TOBEPXHSIMU OOpOOIIOBAaHUX JeTajed, 110 Aal0Thb MOXJIUBICTh
migiopatu  parioHaNdbHI KOHCTPYKTHBHI Ta KIHEMaTW4YHI TlapaMeTpu HOBOTO
yCTaTKyBaHHS 1 BIACTUBOCTI aOpa3uBHOTO POOOUOTO CEPEOBHUIIIA;

- BHepiie po3poOJieHa MPY>KHO-B’SI3Ka MOJENb PyXy CHITy4oro abpa3suBHOTO
CepeloBUIlla 13 BU3HAYCHHSM [WHAMIYHUX T[apaMeTpiB TpH HOTO B3aeMOIil 13
MOBEPXHSIMHU JI€Talll y KaMepl YCTaTKyBaHHS Mg BiOpaliiHO-BIALIEHTPOBOIO
00poOJIeHHs, 110 J103BOJISIE MPOTHO3YBAaTH AMILIITY/IHO-4YaCTOTHY XapaKTEPUCTUKY
KOJIMBaHb a0pa3MBHOTO POOOYOro CEepeloBUINA, sSKa BIUIMBAE HAa 1HTEHCHUBHICTH
3pi3aHHs MaTepiany;

-BIEpIICE HAa OCHOBI JWHAMIKH BiOpaIiiHO-BIAIEHTPOBOI OOPOOKH BUBEIEHO
aHATITUYHI 3aJIeKHOCTI, SKi BCTAHOBIIOIOTH CITIBBIJHOIICHHS MMapaMeTPiB MPOIIECY
MeXaHI9YHOi 0OpOOKHU MOBEPXOHb JETANCH CUITyYUM aO0pa3sUBHUM CEPEIOBUIIEM IS

PE30HAHCHOI'O 1 HCPC30HAHCHOI'O BUITAJIKY.



Po3pobiieno maremaTuuHy Mojenb All aOpa3vBHOI YACTUHKH Ha MOBEPXHIO
JIeTall, sika BpaXOBY€E MapaMeTpu rpaHyJid CUIy4oro poOoYoro cepeoBHINa 1 KyTa ii
B3a€MOJIIi 3 OOpOOJIOBAHOIO TMOBEPXHEI0, M0 BHU3HAYAETHCS KIHEMATHUKOIO
BiOpaIliifHoO1 yCTaHOBKH, sIKa BCTAHOBITIOE BHUJI IUPKYJIAIT pOO0OYOT0o CepeIOBHINA IS
MIEBHOTO TEXHOJOTIYHOTO TMpoIlecy O0OpoOku neraned. BcranomieHo, mo mpH
MEHIIIOMY 3Ha4eHHI KoedirieHra ¢opmu Tpanynu K 3miHa 3HaYeHb KoedilieHTa
MUTTEBOTO TEPTsI A TpaHydM BiJA KyTa OpI€HTAIil TpaHyJId ¢ € 3HAYHOW, 3
CHHYCOIaIbHOI0 TEPIOJMYHICTIO, MPUOJIM3HO piBHOWO 22°-25°) 1m0 BiANOBIIAE
nepexoy Big pexkuMy OUTiQyBaHHS JI0 PEXKUMY TOJIpyBaHHS aOpa3suBHUMH
rpa”yJiaMu 0OpoOJIFOBaHOI TOBEPXHI.

OTpumaHa MaTeMaTUIHA MOJICTh PYXY CHUITKOTO CEPEIOBHUIIA HA OCHOBI 3aKOHY
@doxTa, M0 JO03BOJISIE ONUCATA TUHAMIYHI MPOLIECH B 00POOIIIOBAIIBHOMY CEPEIOBHIILI
JUTSI IIIUPOKOTO CHEKTPY THUITIB Oro MaTepiaiBb.

BcranoBieHO WacTOTH BIACHUX KOJMBaHb ImMapy  0OpOOIIIOBAIBHOTO
CEpEelIOBHUINA, 5K 3aJIe)KaTh BiJ aMIUIITYIM MOTO KOJIMBaHb 3a PI3HUX 3HAYEHb HOTrO
TYCTUHU JJI1 M’ SKUX Ta KOPCTKUX MarepiajiB 0O0poOIOBAILHOTO CEpPEeOBHINA Ta
CEpelOBHUINA 3 JIHIHHO-TIPYKHUMU BIACTUBOCTSIMHU.

BuBeneHo aHamiTM4HI 3aJ€KHOCTI, $SKI BCTAHOBIIOIOTH CIIIBBIJHOIIEHHS
MapaMeTpiB  MPOLIECY MEXaHIYHOI OOpOOKH TMOBEPXOHb JeTalied CHUIyYuM
aOpa3uBHUM CEPEIOBHINEM JIJIs1 PE30HAHCHOTO 1 HEPE30HAHCHOTO BUIIAJIKY.

BcTraHoBIeHO — XapaKTEpPUCTHKHW  YacTOTH  BJACHUX  KOJHMBAHb  IIApy
CEpEelIOBHUINA, KA 3AJICKUTh B aMIUIITYAH HOTO KOJIMBaHb 33 PI3HUX 3HAYEHb MOTO
TYCTUHHU: IJI M’ SKUX MaTepiamiB oOpobimtoBanbHOro cepenoumia (—1<v<0), ms
KOPCTKOTO0 00poOIIOBaIbHOTO cepenoBuia (v >0); mis cepenoBuiia 3 JiHIAHO-
IPY>KHUMU BIIAaCTUBOCTSIMU Matepiany (v =0), sskuii He 3aJIeKUTh BiJl aMILTITY/IH.

OmnurcaHo METOMKY BUKOPHCTAHHS CTCHIOBOTO OOJIATHAHHS TSI TIPOBEICHHS
EKCIIEPUMEHTAIILHUX JOCIIHKEHBb TMPOIECY 3 BU3HAYCHHSIM 3MIHU MPOIYKTHBHOCTI
MUTOMOTO 3HATTS MeETajly, IIOPCTKOCTI Ta BU3HAYEHHS MIKPOTBEPIOCTI 3
BUKOPUCTAaHHSM YaCTOTHOTO IepeTBoproBada Altivar 71 3 mporpaMHUM MPOTYKTOM
PowerSuite v.2.5.0.

[IpoBemeHO  eKCIIEpUMEHTANbHI  JOCHII)KEHHS Ha  CIPOCKTOBAaHIA  Ta
BUTOTOBJICHIA BIOpaIiifHO-BIIIIEHTPOBIN yCTaHOBIII 0OpoONEeHHsAM neraned 3

poOoYMM CepeloBUIEM: TMPUPOIHUN OaWKalliT Ta TpaHyJIbOBAaHWUU aOpa3WBHHIMA



marepian IITC-8. ITlapamerpu eKcHepUMEHTabHOI YCTAaHOBKH: 00’e€M pPo0O0Yoi

kamepu 14 e, aMILTITyJ]a KoJiuBaHb — 2...6 rpaj., yactoTra KoimBaHb - 15...25 ',

MOTYXHICTh eleKTpoaBUryHiB 0,55 kBT, koedimienT 3anoBuenns kamepu 50...80%.
Bcranoneno, mo i3 30iabmeHHsM KoeditieHTa (GopMu rpanysm K, aMIutiTy i

KYTOBHMX KOIMBaHb A Ta KyTa IOBOPOTY poOo4oi Kamepu [ BeIMYMHA ITHTOMOIO

3HATTS METally IiJi 4yac oOpoOKM Jertaneil 3poctae. MakcumallbHa BeTUYMHA
IHMTOMOTO 3HATTS MeTalny ckiazae 63 r/cm?, a miHiMansHa — 46 r/cMm?. 30iibIIeHHS
koedimieata ¢opmu Tpanyau K Bigx 0,1 mo 0,5 mpusBoaAHMTH IO IMiIBUIICHHS
MATOMOTO 3HATTS MeTany Ha 9%.

[Tpu 1boMy 301NBIICHHS aMILTITYIH KyTOBUX KoymBaHb A Bix 2 rpax. mo 4
rpaj. HaJa€ MPUPOCTY MUTOMOTO 3HATTS MeTany Ha 15%. 30LIbIIeHHS KyTa
IOBOPOTY pobouoi kamepu S Binm 15 rpaa. 10 35 rpai. IPU3BOAUTH IO MiABUILCHHS
MIATOMOTO 3HATTS MeTairy Ha 13%.

[IpoBeneHO eKCHEepUMEHTANbHI  JOCHIJKEHHSI IIOPCTKOCTI  0OpoOJIeHUX
MOBEPXOHb JICTAJIC MaIlluH, BUTOTOBIeHHX 13 craimi Ct 3 micima BiOpariiiHo-
BIJIIEHTPOBOTO OOPOOJICHHS 3 BUBEJICHHAM pIBHSHHS perpecii. BcraHoBieHo, 110
HallHTEHCHUBHIIIA 3MIHA BiAOYBa€TbCsl NPOTArOM mepmux 15 xB. 00poOKwu.
MakcuMalibHe 3HaU€HHS HIOPCTKOCTI 00pOOIeHUX TOBEPXOHb ckiianae Ra 4,53 MkmM.,
a MiHiMaipHe — Ra 1,22 MM.

30UIbIIeHHS 4acTOTH KoJiuBaHb @ Big 15 I'm mo 18 I'm mpusBoauth 10
3HIDKEHHSI TIIOPCTKOCTI 00pOOJIEHUX TMOBEPXOHB, MPHU I[OMY MOJAJbIINE 301IbIIICHHS
YacTOTU KOJIMBaHb A0 25 'l mpu3BOAUTH A0 3POCTAHHSA HIOPCTKOCTI 0OpOOIEHUX
MOBEPXOHb. 301IbIICHHS TPUBATOCTI 0OpOOKKM 3arotoBKM | Big 15 xB. 1m0 35 XB.
MPU3BOJUTH JI0 3HWKEHHS IIOPCTKOCTI OOpOOJIEHMX TMOBEPXOHb, a MOJAJbIIIe
30UTbLIEHHSI TPUBAJIOCTI OOPOOKH 10 55 XB. MPHU3BOAUTH 10 3POCTAHHS IIOPCTKOCTI
00poOJIEeHNX MOBEPXOHb.

Tomy patioHanbHUlA Yac OOpOOKHM CTaHOBUTH 35 XB. 30UIbIICHHS CTYTEHS
3anmoBHeHHST poOouoi kamepu K Bim 50 % mo 80 % npusBoAWTH 10 3pOCTAHHS
IIOPCTKOCTI 00p0OJIeHNX MOBEpXOHb HA 12%.

HaBeneno pesynbratd AOCHIHKEHH MIKPOTBEPAICTh IOBEPXHEBOTO IIAPY
JeTanei Mmicis BiOpaIiiHO-BIIIIEHTPOBOTO OOPOOJICHHS 3 BHUBEACHHSIM DPIBHSHHS

perpecii. MakcumalibHe 3HAY€HHS MIKPOTBEPAOCTI MOBEPXHEBOIO IIapy JeTajei



ckianae 259 H, Mlla, a minimansene — 140 H, MIla,. 30iablIeHHs] TPUBAJIOCTI
00poOKH 3aroTOBKH | BiJ 15 XB 10 55 XB. MPU3BOAUTD JI0 3pOCTaHHS MIKPOTBEPAICTh
MOBEPXHEBOIo 1mapy aetaied Ha 22%. 30UIbIIEHHS! KyTa MOBOPOTY poO0UYO0i Kamepu
f Bim 15 rpax. mo 27 TrTpai. OPU3BOAWTL O 3POCTaHHS MIKPOTBEPIICTH
MOBEPXHEBOI0 I1apy, IPH 1bOMY MOJAAJbIIE 30UIbIICHHS KyTa MOBOPOTY poOOYOi
Kamepu 110 35 rpaj. NpU3BOAUTH JO 3MEHILIEHHS MIKPOTBEPAICTh MOBEPXHEBOIO
mapy. ToMy paiioHaJIbHUN KyT IOBOPOTY pOOOUO0i KaMepH CTaHOBHUTH 27 Tpaj.

[Tpu ipboMy 30iTbIIEHHS aMILTITYAH KyTOBUX KoJuBaHb A Bix 2 rpai. 1o 5,5
rpajl. IPU3BOIUTE J0 3POCTAHHS MIKPOTBEPAOCTI MMOBEPXHEBOTO IIAPY, a MOMAIBIIE
30UTBINIEHHST aMIUTITYM KyTOBHX KOJIMBaHb M0 6 Tpaja. MPU3BOAWTH IO 3MECHIIICHHS
MIKpOTBEPAOCTI TMOBEPXHEBOro Imapy. ToMmy pailioHalibHa aMmIUIITy/la KyTOBHUX
KOJINBaHb CTAHOBUTH J,5 TPaL.

BuBeseHo aHamiTUYHI 3a71€KHOCTI JIJI1 BU3HAYEHHST KIHEMAaTUYHUX TTapaMeTpiB
aOpa3uMBHOI  YaCTUHKH  TMpoliecy  BIOpaliiHO-BIALIEGHTPOBOTO  OOpOOJICHHS.
3anpornoHoBaHa Bi3yadizailisi Mmpolecy BiOpaliitHO-BIIIEHTPOBOIO OOpOOJICHHS Ta
OJIOK-cXxeMa TporpamMu PO3PaxyHKy TEXHOJOTIYHOTO TMPOIecy, IO JA03BOJISE
MIPOTHO3YBATH MPOAYKTHBHICT 3HATTS METAITy, MIOPCTKICTh Ta TBEPIICTh OJIEPKaHOT
MOBEPXHI, YHUKATH JUCKPETHOTO XapaKTEPy TEXHOJOTIYHOTO MPOIIECY Ta 3HAXOJAUTH
ONTUMAJIbHE CIIBBIAHOIIEHHS PEXHUMIB OOpOOKH, BUKOPHCTOBYIOUM TEXHOJOTIIO
LINQ.

[IpuBenenuit piyHUNA €KOHOMIYHHMM €(DEKT BiJ BIPOBAHKEHHS TEXHOJOTTYHOTO
npoliecy BiOpalifHO-BIALIEHTPOBOTO OOpOOJIEHHS] Mpu 3aMiHi 0a30BOTO BapiaHTy
00poOyieHHsT yciei mapTii BUpOOIB Ha po3poOJieHUi cTaHOBUTH 24251,5 rpH.
OpepxaHi HAyKOBI 1 TPAaKTUYHI pe3yibTaTH YacTKOBO BIPOBAHKEHO IS
Bukopuctanus y TJHB «bymat» (cmT Mukymunami) Tta T30B  «BMII
eHepProKoHCTPYKIlis» (M. PiBHe). TexHiuHa HOBM3HA 3aXUIlleHa 3 TaTeHTaMU Y KpaiHu

Ha KOPHUCHI MOJIETII.

Kniwowuosi cnoea:  TEXHOJOTIYHUMW TPOIEC, MIOPCTKICTh,  BiOpaliitHO-

BIJILICHTPOBA YCTAHOBKA, aMILTITY 1a, MIKPOTBEPIICTb.



ABSTRACT

Galan Yu. Ya. The improvement of technological process efficiency of
vibration-centrifugal processing of parts in a loose abrasive medium. — Qualifying
scientific work as a manuscript.

The thesis for the scientific degree of Doctor of Philosophy, speciality 131
«Applied Mechanics». — Ternopil lvan Puluj National Technical University, Ternopil,
2021.

A theoretical and experimental completely new solution of the scientific-
applied problem consisting in technological provision of vibration-centered treatment
of intricate shape workpieces in granular abrasive medium has been carried out in the
thesis under discussion. Moreover, some theoretical prerequisites and technological
processes have been developed, the necessary technological equipment has been
designed and made to provide the efficiency increase and the required quality of the
surfaces under treatment.

The following scientific results have been obtained in the paper under
discussion on the basis of system approach to the study of technological processes of
vibration-centered treatment of workpieces in granular abrasive medium:

- analytic dependencies have been further developed to determine the kinetic
energy of force interaction of granular abrasive medium elements with the surfaces of
the workpieces under treatment that makes possible to choose the most efficient
design and kinematic parameters of new equipment and properties of the abrasive
medium;

- for the first time an elastic-viscous model of granular abrasive medium
motion has been developed and the dynamic parameters have been determined under
its interaction with the workpiece surface conditions in the equipment chamber for
vibration-centered treatment that makes possible to predict the amplitude-frequency
characteristics of vibrations in abrasive medium making impact on the material
removal intensity;

- for the first time on the basis of vibration-centered treatment dynamics some
analytic dependencies have been derived determining the parameters balance of the



workpieces surfaces mechanical treatment process by granular abrasive medium for
resonant and non-resonant cases.

A mathematical model of an abrasive particle action on the workpiece surface
taking into account the granule parameters of granular operating medium and the
angle of its interaction with the surface under treatment determined by the vibration
machine kinematics finding a kind of the operating medium circulation for certain
technological process of the workpiece machining has been developed. We have
come to the conclusion that the smaller value of the granule k shape coefficient, the
more considerable the dependence of the granule immediate friction coefficient 1
values on the orientation angle of the granule ¢ is, with sinusoidal intervals, and it is
approximately equal to 22°-25° that corresponds to the transition from grinding
conditions to the polishing mode by abrasive granules of the surface under treatment.

The mathematical model of granular medium motion has been obtained on the
basis of Voigt law and it allows us to describe some dynamic processes in the
medium under treatment for the large range of its materials types.

The frequencies of the surface under treatment layer vibrations have been
found which depend on its vibrations amplitude at different values of its density for
soft and rigid materials of the medium under treatment and the medium with linear-
elastic properties.

Some analytical dependencies have been derived which determine the
relationships of the parameters of the workpieces resurfacing process by granular
abrasive medium for both a resonant and a non-resonant cases.

It has been stated that, frequency characteristics of natural oscillations of
medium layer, which depends on the amplitude of its oscillations at different values
of its density: for soft materials of the processing medium (—1<v<0), for hard
processing medium (v > 0); for medium with linear-elastic properties of the material
(v =0) which does not depend on the amplitude.

The method of using bench equipment for experimental studies of the process
to determine changes in the productivity of specific removal of metal, roughness and
determination of microhardness using the frequency converter Altivara-71 with the
software PowerSuite v.2.5.0. has been described.



Some experimental study has been conducted on the designed and
manufactured vibration-centered machine on the workpieces machining by the
following operating medium: natural baikalite and granular abrasive material PTS-8.
The parameters of an experimental unit are as follows: the chamber volume is 14
dm?, the vibrations amplitude is 2...6 degrees, the vibrations frequency is 15...25 Hz,
the power of electrical motors is 0,55 kW, the chamber coefficient is 50...80%.

It was found, that the higher granule shape coefficient k , the angular vibrations

amplitude A and the chamber turning angle £ the larger value of the of the metal

specific removal rate under the workpieces machining conditions is. The maximum
value of the metal specific removal rate is 63 g/cm?, and the minimum one equals to
46 g/cm?. An increase of the granule shape coefficient k from 0,1 to 0,5 has resulted
in 9% increase of the metal specific removal rate.

Moreover, the increase of angular vibrations amplitude A from 2 deg. to 4
deg. has added 15% increase of the metal specific removal rate. An increase of the

chamber turning angle £ from 15 degrees to 35 degrees has caused the 13% increase

of the metal specific removal rate.

The surface roughness of the machine parts made of steel St 3 has been studied
by means of experiments after vibration-centered treatment with the required
regression equation deriving. We have found that the most intensive change is taking
place during the first 15 minutes of treatment. The maximum value of the surface
roughness is Ra 4,53 mkm., and the minimum one equals to Ra 1,22 mkm.

The increase of the vibrations frequency @ from 15 Hz to 18 Hz has resulted
in the decrease of the surface roughness, but further increase of the vibrations
frequency to 25 Hz has caused some increase of the surface roughness. The increase
of the workpiece treatment time T from 15 min. to 35 min. results in the decrease of
the surface roughness, and further increase of the machining time to 55 min. has
caused some increase of the surface roughness.

Thus, the most efficient time of treatment should be 35 min. The increase of
the chamber filling degree K from 50 % to 80 % has resulted in 12% increase of the
surface roughness.

The micro hardness of the workpiece surface layer has been studied by means
of experiments after the vibration-centered treatment and the regression equation has



been derived. The maximum value of the workpiece surface layer micro hardness is
equal to 259 H, MPa, and the minimum one equals to 140 H, MPa. The increase of
the workpiece treatment time T from 15 min. to 55 min. has resulted in the 22%
increase of the workpieces surface layer micro hardness. The increase of the chamber
turning angle £ from 15 deg. to 27 deg. has resulted in the increase of surface layer

micro hardness, but the further increase of the chamber turning angle to 35 deg. has
caused the decrease of the surface layer micro hardness. That is why the chamber
turning rational angle is 27 deg.

In this case the increase of angular vibrations amplitude A from 2 deg. to 5,5
deg. has resulted in the increase of surface layer micro hardness, and further increase
of the angular vibrations amplitude to 6 deg. has caused the decrease of the surface
layer micro hardness. Thus, the most efficient amplitude of the angular vibrations
should be equal to 5,5 deg.

Some analytic dependencies have been derived to find the kinematic
parameters of an abrasive particle of the vibration-centered treatment process. Some
visualization of the vibration-centered treatment process and a block-scheme of the
technological process calculation program have been proposed that make possible to
predict the efficiency of metal removal, roughness and hardness of the obtained
surface, avoid the discrete behavior of the technological process and find the most
efficient combination of the treatment modes using LINQ technology.

The given annual economic effect due to the introduction of the technological
process of the vibration-centered treatment in case of changing of the production
items run conventional treatment process for the developed one was equal to 24251,5
hrn. The obtained scientific and practical results have been partially introduced to be
used in Superadded Liability Company “Bulat” (Mykulyntsi town) and LLC “VMP
energy construction” (Rivne city). The technical novelty has been covered by 3 useful

model patents of Ukraine.

Keywords: technological process, roughness, vibration-centrifugal installation,
amplitude, microhardness.
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