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Ha 6a3i momepeaHix gociailkeHb, po3po0JieHO JTOCKOHAJIIIY KOHCTPYKUIK0 KYJbKOBOL
My¢Tu BibHOr0 xony KMBX ocbhoBoi Aii 1151 cTapTepiB ABUI'YHIB BHYTPIIIHBOIO 3rOPSIHHS,
BHU3HA4YeHO CHJIOBY B32a€EMOJIIO0 I BUNAAKY, KOJIM NMa3u oAHiel miBMydTH npsami, 1o cnpourye
TEeXHOJIOTil0 BUTOTOBJICHHS.

Based on previous research more advanced design ball bearing bushings for starters
centerline of internal combustion engines has been developed power-defined interaction for the
case when one semimuff straight grooves, which simplifies manufacturing technology.

IMocranoBka mnpodgemu. MyQTH BITBHOTO XOAYy UIMPOKO 3aCTOCOBYIOTH y Pi3HOMaHITHHX
TPAHCIIOPTHUX 3ac00ax I aBTOMAaTUYHOTO 3'€JHAHHS Ta pO3'€THAHHS BaJIiB 1 MepeaaBaHHs 00epTaTHHOTO
MOMEHTY TUIBKH B OJHOMY HamnpsAMKy. TpajuiiiiHO B TaKWX BUMAJKaX 3aCTOCOBYIOTh POJHMKOBI OOTiHHI
My(TH, Ki MAIOTh JIesIKi HEOJIKH, FOJOBHUMH 3 SIKUX € OOMEXEHHS TEPMiHy pOOOTH My(TH Ta BeIHYHMHU
00epTaIbHOTO MOMEHTY, BHACTIJIOK IPOKOB3YBaHHS PpOJHUKIB BiHOCHO Oapabana. Taki sBuIa
CIIOHYKAIOTh JI0 YIOCKOHAJIEHHS MEXaHi3MiB BibHOTO X0my [3, 5, 11, 14].

AHani3 momepegHiX AOCTIMKeHb. Y TEXHilli HUHI TPaIUIiHHO 3aCTOCOBYHOTHCS POJIMKOBI My(TH
BLIBHOTO XOJy JUTSl aBTOMATHIHOTO 3'€THAHHS 1 pO3'€HaHHS BatiB. Ate, sk Biomo [2, 4, 6], i mydTer MaroTh
KOPCTKI BUMOTH TE€XHOJIOTIYHOTO i KOHCTPYKTHBHOI'O XapakTepy, TOMY IIPHU MOKIMBOCTI BOHH 3aMIHIOIOTHCS
XparoBUMH MeXaHi3MaMH, SKi MaloTh JesKi HEJONIKHA. CHIBHHA IIyM Ha XOJIOCTOMY XOi, IHTEHCHBHE
CTIPAIFOBaHHS 3aLIiMOK Towo. ToMy 3aadi, 0 CIPAMOBaHi Ha CTBOPEHHsI POrPECHBHUX MEXaHIYHHUX 3ac00iB
(KMBX), € aktyaapHEMH. AJie TIpOLIeC MPOCKTYBAHHS Ta TXHE YJIOCKOHAJICHHS BUMarae ICTalbHOrO aHali3y
NPUHIMILY iX poOOTH, BHBYEHHS Ta ONUCY MATEMAaTUYHUMM 3AJIEKHOCTAMM KIHEMaTUYHHMX Ta CHJIOBHX
napaMeTpiB, BU3HAYEHHS Yacy BMHKaHHA My(QTH.

DopMyTI0BAaHHS METH cTATTi. MeTolo CTaTTi, i Ha LOMY €Talli, 3arajioM, HayKOBUX JOCIiIKEHb
KYJIbKOBUX MY(]T BUILHOTO X0y OCHOBOI il 3 MPSIMAMU Ia3aMH Ha BEJCHIN MiBMy(Ti 32 OCHOBHY METY
B3SATO JOCTIIKCHHS KIHEMATHYHHUX 1 CHJIOBHX TIapaMETpiB ITMX MPHUCTPOIB, Ta BU3HAUCHHSA dYacy
BMUKaHHA My(QTH. PesynbraTu IOCHiIKeHb BHILE3raJlaHMX NapaMeTpiB KyJIbKOBHX OOTIiHHUX MyQT
KOPOTKO HaBEJIEHi y CTaTTi.

OcHoBHHiI MaTepiai. Ba3yrounck Ha yIOCKOHANIEHHI OOTiHHMX My(T Ta Tonepeanix mpocmimax [5, 6, 9],
aBTOpPHU PO3POOWITH MPUHIIMIIOBO HOBY KYJBKOBY OOTiHHY My(Ty OCBOBOi Jii, BH3HAYMIA KiHEMaTHIHI Ta
CHJIOBI YMHHUKM OOTriHHOI My(TH &I BUIAAKy, KOJM poOodYi masu BeaeHoi MiBMy()TH BHKOHaHI
napayenbHo J0 0ci 00epTaHHI My PTH.

67



3anporioHoBana My¢Ta puc.l momibHO 10 iCHYIOUOi cknamaerbesi 3. 1 — Begydol miBMy(QTH, IO Mae
(nanenp 2 3 nazamu 3; 4 — BeaeHOT MIBMY(TH, 10 Ma€ MWIHAPUYHY MTOBEPXHIO 5 3 masamu 6; 7 — KyJbOK, 10
PO3MIIIIEHI B IMX Ta3ax; 8 — HATHCKHOTO KUIBI, SIKe CITUpaeThes Ha npyxuHy 9; 10 — KopItycy 31 CTONMOpHAM
kimbieM 11. Benena miBmy¢ra BriItouae B cebe mpuBiaHy mectepHio 12. VYcraHoBYi po3Mmipu Li€l MyQrTu
TIOT'O/PKEHO 13 po3MipaMu ILTIIOBOTO BAJIMKA CEPIMHOTO CTapTepa Ta HOro BEIYUO0 IIECTEPHEIO.

OCHOBHOIO TTepeBaror0 HOBOI KyJIbKOBOI OOTiHHOI My(pTH Tiepes; Byke iCHYFOUHMH MIPUCTPOSMH I[HOTO THITY
€ iICTOTHE CIPOIIEHHS TEXHOJIOTii BUTOTOBJIEHHS il BeEHOI MBMY(TH NUIIXOM Hapi3yBaHHS HA IVTIHIPUYIHINA
MOBEPXHI NPAMHUX poO0YMX MasiB. IcToTHIMMY € 1i mepeBary MOpiBHSHO 3 POJIMKOBHUMH OOTTHHHUMH My(Tamu,
SIKi € CKJIQJIHIIIII y BUTOTOBJICHHI Ta BUMArarOTh BUCOKOI TOYHOCTI TiJ 4ac ckianaHHs. [Ipunimm poOoTu i€l
MyTH momiOHmit 10 Bimomux [4, 11, 12, 15], To6to miBMydra 1 depe3 MOXwWi UM OB S3aHa 3 BaJIUKOM
pOTOpa ENEKTPOJIBUTYHA CTapTepa OCHOBHOTO JIBUT'YHA BHYTPIIIHBOIO 3TOPSHHS, SKHH Teperae no Hel
obepranbpHUii MOMeHT. Kynbku 7, siki 0 IbOro IepeOyBadd B mMas3ax BeieHOi miBMydTH 4, 3a JOMOMOTrOr
NpYXKUHK 9 MMOYMHAIOTH 3aKOUYBATHCh Y KPUBOIIHIMHI Ta3n 3, IO BXKE PyXatoThes. BHACHIIOK "oro mydra
MOYMHAE 00epTaTHCh SK OAHE Ifiie Ta HaOyBae CTaly KyTOBY IIBHIKICTH @, TOOTO My(Ta MEpexoauTh 0
pobodoro crany. Ilepenm mogarkoM pyxy BemeHOI MiBMy(TH BTATYIOUE pelie TMIBOAUTH My(Ty IO MaxOBHKA
KOJTIIHYacTOr0O Baja JABUTYHA BHYTPIIIHBOTO 3rOPSHHS, JI€ 3MIMCHIOETHCS 3a4eIIeHHs MPUBIIHOI iecTipHi 12 3
BiHIIeM MaxoBuKka. Ilicisi woro BinOyBaeThcsi 3allyCK OCHOBHOTO JBHUTYHA. SIK TITBKM JBUTYH 3aIlyCTHBCS, TO
HIBUKICT 00EPTaHHS KOJIHYACTOrO Bajla CTAaHOBHTH @ = 84-136 pan/c, 110 3HAYHO TIEPEBHIIYE MIBHUAKICTH
o0epTaHHs poTOpa CTapTepa, MPUBIAHA INECTIPHA MHUTTEBO PO3’€AHYETHCS 3 BIHIEM MAaxOBWKA, KYJIBKH IO
TTOXWJIMX TTOBEPXHAX TMa3iB MOBEPTAIOTHCS y Ta3w BeneHol miBMyhTH 4, MydTa po3'eqHyEThCS Ta TIEPEXOUTh Y
PEXUM BUIHHOTO XOJTY.
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Puc. 1. Kynvkosa obeinna mygpma ons cmapmepa 08U2yHa 6HYMpPitHb020 320PSHHSL
a — 3azanvHull U0 Mygmu; 6 — gedeHa niemyghma 3 RPUSIOHOIO WeCMEePHerD Ma NPIMUMU NA3AMU

Tpeba HArONIOCHTH, IO 3AJISKHO BiJl KOHCTPYKTHBHHX OCOOJIMBOCTEH My(dT Ta pexXuMy poOOTH, € IBi
TIPUHITATIOBI X BiaMiHM. L]e Taki, KoM KyJIbKH TTOYaTKOBO MOXKYTh OyTH y BeIydiil a00 y BeleHii MBMYQTI.

MOXIMBI MOJNOKEHHS KYyJIbKH BiIHOCHO Ma3iB MiBMy(T moka3aHo Ha puc. 2. MakcUMalbHUH i
MiHIMAJIbHUN KyT BMUKaHHS My()TH 300paXeHo Ha puc 3.

I3 puc.3 BuaHO, 110 MiHIMAJIBHUHM KyT, Ha SKHHA IOBEPHETHbCS Beayda MiBMy(Ta 10 BMHKaHHI,
BU3HAYAETHCS TAK:

. ~ 1
¢mln R R ( )

SIK1I0 MPUITYCTUTH, IO PyX Ha BiNPi3KYy Ig¢ € pIBHOMIPHUM, TO MiHIMaJILHUH Yac HOTO MOJOIaHHS
JIOPIBHIOE

lge _ 2rtga

_ (Dmin _ 2rtga
@, oR

t @)

min

Bupasu a1t MaKCUMaIbHOTO KyTa Ta 4acy pyxy nas3a BeAydoi miBMy()TH BiTHOCHO KYJIbKU € TAKOX
OYEBUIHHMH 3 PHC. 3.
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Puc. 2. Moowcnugi nonodcenus Kynoku Puc. 3. Buenso mygmu 3 mopys,
ni0 4ac 6MUKAHHI MYDMU 3 npAMUMU DO3PAxyHKO8A cXema OJisl BUSHAUEHHS
nasamu 8edeHoi niemygmu KYMOBUX KOOpOUHAmM

Tyt ¢y, — cTana KyToBa MIBUJKICTh BEIy40i NiBMy(TH, pelITa napamerpis, mo Bxoaats B (1)—(4),
HaBeJleHi Ha puc. 213

Bci iH1i MOXJIMBI TOJOKEHHS KYJIBOK BiTHOCHO Ma3iB HMiBMY(T, a TaKOX PI3HOMaHITHI BEIWYMHHU
KyTiB BMUKaHHsI My(TH BXOJSITH y LIEH Jiama3oH po3paxyHKiB

t . <t <t .

msn —

Braciinok 3MiHM HampsMKy Ia3iB BeAeHOI MiBMy(TH, BUHUKae TMOTpeda YTOYHEHHS CHIIOBOTO
po3paxynky mydTu. Ha puc.4 nokaszani pexxumu podoru mydtu (I, II, II), a Ha puc. 5 ¢a3u BMukaHHs
My(TH 3 ypaxyBaHHSIM CHJIOBOI B3a€EMO/Iii HA po0OO0Ui TOBEPXHI KYJIbOK Ta MiBMY(T.

I3 yMOBHM piBHOBAru KyJibKH JJIs1 po60YOTo cTany (a) My(hTH MaeMo

F.ifcos w+1) - F, =0 Ny—F — Fysinu=0 )

ITpomikHOTO cTany (6) My(QTH MOKHA 3aIucaTh

Fofcosa+1) =R —Fua=0, MN-FR-Fesina=0, g _GCd %% )
Jlnis xomoctoro xomy Mydtu (6) Maemo
Fa—Fa—My=0 N-F=0 FM:Gd%g_ . @
c,
3a yMOBH CTaJIOT0 00€pTATHFHOTO MOMEHTY BEAYUOl MBMYPTH
F1=F2=TP/R. (8)

o . .
3a puc. 4 MOXHA NPHUITYCTUTH, IO Az = ﬂ—ﬁ' | A; = 0B, Toml MakcuManbHA CUJIA IIPY’KHOCTI

Gda%
Fomx = K o 9)
16¢°i,
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Tyt y Bupasax (5)—(9) nosnaueno: ¥, F.; — HOpMaIbHHI THCK 1 CHJIM TEPTsl, IO BHHUKAIOTH MIX
KyJIbKaMH Ta poOOYMMH HOBepXHAMHM Ma3iB miBMydr (i = 1; 2; 3); @ — kyTt Haxwiy nasis; F, — ocboBa
ckianosa cun F; F, — cuina npyxHocti npyxuan; G — MOyie IPYKHOCTI apyroro poxay; d — miamerp
IPOTY; A — ocboBa JedopMallis MPykKUHH; d,. — TiaMETP KyJIbKH; € — XapaKTEPHUCTUKA MPYKHHY; I, —
KUIBKICTb ii po6oumx BuTKiB; T, — pO3paxyHKOBHH MOMEHT; R — pajiyc Koia UeHTPIiB KyJIbOK.

Puc. 4. Xapaxmepui nonoicenns Puc. 5. @azu sumuxanms mygpmu:
KVIb0K My¢@hmu a — poboue nonodceHHs; 6 — NOYamox euxody KynvKu i3 nasa,
8 — KyJIbKa 8uuiuLa i3 naza niemy@mu i npoKos3ye no mopyio

BucnoBku. OTpuMaHi aHaANITHYHI BHpa3d MarTh MPaKTUYHI 3HA4YeHHS. BOHU J103BOJNSIOTH
BCTAaHOBUTH Yac BMHKaHHA Ta BUMHUKaHHS My(TH (1)-(4) i BU3HAYUTH CHJIOBY B3a€MOMI0 MiX ii
emementamu  (5)—(9). TIpoBeneHi TeopeTHUHI HOCHTIIKEHHs Ta OTPHMAaHi aHAJITHYHI BUPA3H € iCTOTHUM
HIIIPYHTSM JUIsl MOAANBIIOrO0 BHBYEHHS MOXKJIMBOCTEH 3aCTOCYBaHHS KyJbKOBHX OOTNiHHUX MyQT y
NPHBOJAX MAIIWH, 0 00NaHaHI ABUTYHAMH BHYTPILIHBOTO 3rOPaHHS.
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STRUCTURAL SCHEME OF ADAPTIVE SYSTEM OF CONTROL
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Ha ocHoBi po3po0/ieHOI CTPYKTYPHOI cxemH, 3aco0aMu Pi3HUX MOB INPOrpaMyBaHHS
MO’KHA peasli3oByBaTH NpPOrpaMHe 3al0e3leyeHHsl, KOTPe B KOMILIEKCi i3 MiKpOKOHTpoJiepoM
JAACTb 3MOry aBTOMATH3YBATH HHM3KY BiOpamiiiHMX TeXHOJOTiYHUX MpoueciB, 3a0e3me4uTu
MiHIMaJIbHI eHepro3aTpatu Ha BiOpoOHmpHMBIA Ta ONTHUMAJbHI NapaMeTpPH TEXHOJOTiYHOIO
npouecy BiOpooOpooKu.

On the basis of the developed block diagram, by means of different programming
languages, it is possible to implement software, which together with the microcontroller allows
to automate a number of vibration technological processes and ensure minimum power inputs
on vibrodrive and optimal parameters of the technological process of vibration treatment.

Statement of the problem. The rapid development of equipment and technology causes the
necessity of creation of energy-efficient, highly-effective and highly reliable simple vibration equipment
for various technological purposes. Adaptive vibromachines [1] have a much higher potential than
controlled [2] vibromachine, thanks to that they automatically provide and maintain energetically favorable
resonance mode. Quite often they are the only way of the implementation of the one or another
technological process at a given optimal level from the energetic and technological point of view.
Therefore, work under the expansion of their technological capabilities and reduction of power inputs on
vibro treatment is actual for the modern engineering and instrumentation technology.

Analysis of the recent research. In the given article [2], it is shown what perspectives and potential
has control of parameters of vibration of operating devices of vibromachines with the aim of energy saving
and implementation of defined technological processes. Adaptive vibromachines is a new class of
vibromachines which allows to combine in its self the advantages of a separate control of parameters of
vibrodrive of controlled vibromachines. In other words for to provide resonance mode owning to
independent control of frequency of cyclic driving force of vibrodrive and maintain an amplitude of
vibrations of the operating device at a determined level. Despite its undeniable advantages over controlled
VTM (vibro technological machine) or circle resonance VTM (with certain coefficient of delay of
vibration system) adaptive vibro machines still have disadvantages. In particular, in the algorithm of their
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