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Influence of Wear of Bearing Shields on ac Power Coefficient of Ac

The aim of the article is to ensure the reliability and durability of the bearing assemblies of electric
motors used in electric drives. The solution to this problem is achieved through the timely elimination of defects
in the seats under the rolling bearings in the motor shields.

The article presents the results of determining the dimensions, tolerances and roughness of the castle and
landing surfaces of the bearing shields of electric motors to be restored by electrophysical methods. Plots of wear
forms of bearing shields, bearing seats of bearings of rotors of electric motors are revealed and it is established
that they depend on the operating mode of the electric motor. It was established that with increasing wear of the
bearing shields of the rotors of electric motors from 0.15 to 0.24 mm, the ellipsoidal shape of the total magnetic
flux becomes more pronounced. This leads to an increase in the angle of shift between the electrical components,
which reduces the power factor of electric motors and efficiency. It has been established that the change in the air
gap of asynchronous electric motors as a result of wear of the bearing shields leads to the same consequences.

As a result of studies, it was found that the most worn-out elements of electric motors are bearing
shields, the wear of which depends on the material from which the bearing shields are made, the operating mode
of the electric motor, the type of load on the shaft and the duration of operation. Based on the measurements of
various types of bearing shields for electric motors of the 4AC series, the maximum wear sizes were determined,
which can be restored by electrophysical methods. It has been established that the maximum wear of cast-iron
bearing shields is 0.10-0.15 mm, and that of aluminum - 0.1-0.23 mm.
electrophysical recovery methods, wear of parts, electric motors, electric drives, electrical equipment,
bearing shields, Power factor Cos¢g
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B crarti posmisgaeTbcs MiABUINEHHI e(QEeKTUBHOCTI (DpakiiOHyBaHHS 3€pHOBHX CyMimled y
ITHEBMaTHYHUX IPOTOKAX KPYroBOrO IONEPEYHOro Iepepidy, LLIIXOM BHU3HAUYCHHS palioHaNbHOI (opmu Ta
rapameTpiB 10/1a4i Martepially, a TakoX (POpMHU MHEBMATHYHOTO KaHAJy Ta BapiaHTIB pO3BaHTaKEHHs (paKIiil.

OTprMaHO 3aKOHOMIPHOCTI 3MiHM HIBHIKOCTI PyXy Ta TPAEKTOpii Marepiany B MHEBMAaTHYHHUX KaHAIaX
KPYIJIOro NEpEeTHHY 3 HIDKHIM BHBAHTAKECHHSIM. 3aKOHOMIPHOCTI PyXy YAaCTHHOK Y BHUIIAI MaTepiallbHOT TOUYKH
B3JIOBXX MOBEPXHi JKUBIJIBHOI (Da3d BH3HAUMIM 3 ypaxyBaHHSM CHJI OINOPY IOBIiTps, CHJI TEPTs, BOJOTOCTI Ta
IITFHOCTI MaTepialy Ha OCHOBI TEOPETHYHOTO BHBYCHHSA IIPOIECYy (pPaKIiOHyBaHHS CYMIII 3epHa B
[THEBMAaTHYHUX KaHaJaX KPyroBOTO HOIEPEYHOTo Iepepisy.

BuxopucToByloun 3ampomoHOBaHi (GOpPMYNH JUISI TPOCKTYBAaHHS cemapaTopiB IMOBITPsS, MOXKHA
BU3HAYUTH TOYATKOBY IIBHJKICTH 1 HAIPSIMOK BXOJPKEHHS! YaCTWHOK Yy IMOBITPSHUI IMOTIK, 10 € TOYaTKOBUMHU
yYMOBAaMHU JUIS BH3HAUCHHS TPAeKTOpii MaTepiady B MOBITPSIHUX KaHajlax KpPYyrJIOrOo MEPeTHHY 3 HIDKHIM
BUBAHTA)KECHHSIM.
noTik MOBiTPs, 3MiHHA IIBHAKICTH TMOBITPs, TpaekTopia, cTilikicTh cwia, d¢pakuii, npouec
¢pakuionyBaHHs, cyMill 3epHa, OBITPAHMIA cenapaTop, MHeBMATHYHMII KPYroBHii NOTiK

Bb.1. KortoB, nipod., 1-p TexH. HAyK

THooonvckuil  2ocyoapcmeennvitl - azpapro-mexuudeckutl yuueepcumem (IIFATY), e. Kameney-Ilodonwcxuil,
Ykpauna

C.II. CrenaHeHKO, KaH[. TEXH. HAyK, CT. HAYYH. COTP.

Hayuonanenuiii nayuneiii yenmp «Hucmumym mexaunuzayuu u 31eKmpugpukayuu cenbckozo xo3aucmea», . Kues,
Yxpauna

HccaenoBanue ABMKEHHS YaCTHII 3€PHOBOI0 MaTepua/ia B BCPTUHKAJBHBIX KaHa/Jlax

NMHEeBMOTPABUTALMOHHOI0 KJIaccupukaropa

B cratee paccmarpuBaeTcs MOBBIIICHHHM 3(GGEKTUBHOCTH (DPAKIIMOHUPOBAHUS 3EPHOBBIX CMECEeH B
ITHEBMaTUYIECKUX TPOTOKAX KPYTOBOTO IMOMEPEYHOTO CEUEHMs, IyTeM OINpPECNICHUS! palMOHAIbHON (HOpMBI 1
[apaMeTpoB I0Jauy MaTeprala, a Takxke (opMbl MHEBMATHYECKOTO KaHAJIa U BAPUAHTOB Pasrpy3K (pakuuii.

HOJ’Iy‘leHbl 3aKOHOMEPHOCTU HU3MCHCHHUA CKOPOCTH [ABWIXCHHA U TPACKTOpUMU MaTepuajlia B
IMHEBMATUYCCKUX KaHaJlaX KPYIJIOro CEYCHUs C HH)KHC;IBbIFp}BKOﬁ.3aKOHOMepHOCTI/I JBHXKCHUA YaCTHILl B BUAC
MaTepHaIbHOH TOYKH BJIOJb MOBEPXHOCTH IMUTATENBHON (Da3bl ONPEAETMIN C Y4E€TOM CHJI CONPOTHBIICHHS
BO3/yXd, CHJI TPEHHUs, BIAXKHOCTH U IUIOTHOCTU MaTepHalla Ha OCHOBE TEOPETHUYECKOrO M3ydeHHs Ipolecca
(paKIIMOHNPOBAHUS CMECH 3epHA B ITHEBMATHUECKHUX KaHAJIaX KPyTrOBOTO ITIOTIEPEYHOTO CEUCHHUSL.

Hcnone3ys mpeanioxkeHHble (OPMyNbl Ui MPOEKTUPOBAHMS CETMapaToOpoB BO3JyXa, MOXKHO
OMpPENEINTh HAYaJdbHY0 CKOPOCTb U HANPABJICHUE BXOXKJIEHHs YAaCTHIl B BO3AYIIHBINA MOTOK, KOTOPBIE SABISIOTCS
HCXOJHBIMU YCIOBUSIMH JUIS ONPEJENEHUs] TPAEKTOPUN MaTepHana B BO3AYIIHBIX KaHANIaX KPYTJIOr0 CEYEHHUs C
HUKHEH BBIFPY3KOU.

NMOTOK BO3JyXa, MEPeMEHHAs CKOPOCTH BO31yXa, TPACKTOPHs, YCTOWYHMBOCTHL CHJI, ()PAKIUH, Npouecce
(ppakuuoHMpoBaHus, cMech 3epHA, BO3AYLIHBIH cenapaTop, NHeBMAaTH4YeCKUH KPyroBoii NOTOK

IlocranoBka mnpodaemu. BignosinHO A0 KOHIENUii QpakmiiiHOI TeXHOIOril
nicysA30upanabHOi 00poOKM 3epHa, Mepuly CTalilo MOJULy 3€pPHOBOIO Matepially Ha (pakiii
(bypaxwe, mpomoBoOIBYE 3€pHO, HACIHHS) JOIILHO 3/IIHCHIOBATH B TIOBITPSIHUX CerapaTropax.
IcHyroui (MaJOYKMCICHI) CXEMH IMHEBMOTPABITAI[IMHUX CEmapaTopiB 3 HIDKHBOIO 30HOIO
noairy, He 3a0e3MedyloTh BiINOBITHOI SIKOCTI PO3MUICHHS 3€pHA 3a aepOJWHAMIYHUMHU
BJIACTUBOCTSAMHU TOMY, LIO IIPU pO3paxyHKax iX ImapamerpiB HE BPaXOBYIOTHCS BCl €JIEMEHTH
CHJIOBOI B3a€MOJII1 3epHa 3 TIOBITPSHUM IIOTOKOM.

Tomy npoaoBxKeHHs AOCIHIKEHb IEPEMIIIEHHS TBEPAUX YACTUHOK Y THEBMOKaHaIax
3 METOI0 BIOCKOHAJECHHS KOHCTPYKIIM MHEBMOCENApYIOYHX CHCTEM € JOBOJII aKTyalbHOIO
3ajJjayuero.

AHasi3 0CHOBHHX J0cCaiIeHb i myOaikauii. [lokasye, mo npobiema BU3HAUYCHHS
3aKOHOMIPHOCTEH NEepeMIIlleHHs] YaCTMHOK 3€pHOBOIO Marepiajly B IMOBITPSIHHUX IOTOKax
ITHEBMOCEMAPYIOUNX CUCTEM HE € TIOBHICTIO BHBYEHOIO. B OKpeMHX HAyKOBUX MpaLsix
AHA3ye€ThC OKPEMHUH BHIAJOK BIUIMBY pi3HUX (akTopiB (opieHTamii YacTWHKH, ii
oOepraHHs, il OOKOBOI CWJIM, CHJ €JIEKTpH3alii Ta IHIIUX BHJIB B3a€MOJii YaCTUHKHU 3
MOBITPSHKUX MOTOKOM). Y (paHHIiX) monepeanix pyHaaMeHTanbHuX podorax [1-3] po3riasHyTo
TEOPETUYHI MUTAHHA 1eali30BaHOrO MPOIECy pyxy c(hepuyHOi YaCTUHKH B PIBHOMIPHOMY
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MOBITPSIHOMY TMOTOIl. BMIKMB HEPIBHOMIPHOCTI PO3MOALTY TMOBITPSIHOTO TMOTOKY B
NOTNePEYHOMY TEPETHHI KaHaly BH3Ha4eHO B poOoT [4] , a Takox B pobotax [5,6, 13, 15] ane
HE pO3KpHTa Jjs monepednux cui XKykoBcbkoro i Marunyca. B po6oti [7, 11-14] na ocHoBi
aHai3y CHUJIOBOI B3a€MOIl NpU OOTIKAaHHI YACTHHKM MOBITPSHUM IIOTOKOM BHSIBIIEHO
BU3HAYCHO CYTTEBY JiF0 OOKOBUX CHII, i MIOJIaHO METOJMKY iX pO3paxyHKy. Briue oOepTaHHs
YACTHMHKU Ha TIEPEMIIICHHS B HEPYXOMY 1 pyXOMOMY TOBITpI IpoaHaai3oBaHO B poOoTax [8-
10, 14-20]. Ananisyroun IpoBeIeHI JOCITIHKEHHS 3p00JCHO BUCHOBOK, IO I HEBPaXOBaHUX
OOKOBHX CHJ, Ha NpOIEC IMHEBMAaTHYHOTO (PaKIiOHYBAaHHS MPHU3BOJUTH JO CYTTEBOTO
BIIXWJICHHSI TPAEKTOPIN pyXy YaCTHHKHU 1 THM CaMHM HETaTHBHO BIUIMBAE HA MPOIIEC MOILTY.
OCKiNbKM TpH  JOCTIDKEHHAX TMPOLECiB MOJUTy KOMIIOHEHTIB B IHEBMOTrpadiTamiiHux
cermaparopax Juisi BKa3aHUX CHII JIOCI HEe BPaxoBYBalach, IOCTA€ MMTAHHS BU3HAYCHHS BILTHBY
MONIEPEYHMUX CHJI 1 HEPIBHOMIPHOCTI CIMIOPH IBHIKOCTI MOBITPS HA MPOIIEC 3MIHU TPAEKTOPIH 1
e(EeKTHUBHOCTI MOJILTy KOMIIOHEHTIB 3¢€pPHOBOTO MaTepiaiy.

IMocTanoBka 3aBaaHHs. BCTaHOBJIIGHHS 3aKOHOMIPHOCTEH pyXy YacTHHOK B
MOBITPSHOMY TOTOL MPU HEPIBHOMIPHOMY PO3IOALII MIBUIKOCTI MOTOKY 1 i1 BUHHKAIOUHUX
NIPU 1[bOMY JTOJJATKOBUX CHIL

Bukiaag ocHoBHOro martepiany. Po3risinaeTbes mepeMillleHHs YacTHHKH Yy (opmi
KyJl y BEPTHKaJIbHOMY IIOBITPSHOMY KaHajli TIPU HHU3XIZHOMY pyCi YacTUHKH B
npoTuTediiHoMy  pekumi. [Ipm  mocTaHOBII — 3aBHaHHS  NPUHHATO TakKi  BUXIJIHI
NPUITY ICHHS (MTOI0XKEHHS)

1)AepovHaMiYHUN PIKMM B KaHali BCTaHOBJICHWH TypOynentHuid. LlIBuakicTh
MOBITPSTHOTO TIOTOKY Y TIOTIEPEYHOMY TMEepPETeH] PO3MOIiJIeHa 3a JJorapu(MIYHUM 3aKOHOM,

2)Ormip 4YaCTHHKH BU3HAYAETHCS KBAJAPATUYHOO 3aJICKHICTIO BITHOCHOT IIBHJIKOCTI;

3)YacTrHKa HE B3aEMOJII€ 3 IHIIMMU YaCTHHKA 1 CTIHKAMHU KaHaly;

4)BBeneHHs yacTKH B KaHau 3a cxemoro(puc.l);

5)YacTrHKa 00€pTAETHCS 3 MOCTIHHOIO IIBH/IKICTIO.

B sKOCTiI METOOMYHUX MOCWIIAHb MIPHU BU3HAUECHI JIFOYMX CHCTEM CKJIaJIaHHI PIBHSIHB
pPyXy YacTHHKH BUKOpHcTaHi podotu [1,4,7,9,11, 12, 15-20].

Cxema pyXy YaCTHHKH 1 IIFOUYMX HA HEi CHJI HaBeJieHa Ha puc. 1.

S B
A

Pucynoxk 1 — Cxema pyxy 4aCTHHKH 1 IFOYMX Ha HEl CHJI B THEBMOCEIAPYIOUYOMY KaHall
Jicepeno: pospobneno asmopamu 3 suxopucmanusim [1-9, 14-16]
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Ha gactunky , 1o nepemimiyeTbcsi B TpyOONpPOBOIM MPHU BUCXITHOMY PYCi MOBITPS
JIIIOTh CHJIM AepOJMHAMIYHOTO OMOpy, CHIM TsoKiHHS (migiiomMHa cuima  Apximena
BPaxXOBYEThCS TaK sSIK Pyu>>pPr), a TaKOX OOKOBI CWJIM CHIPSMOBaHI TMEPHCHIUKYIISPHO 10
HANpPSIMKY pyXy MOTOKY MOBITPSI, K1 BUHUKAIOTh [IPU HASIBHOCTI I'PaJieHTa MIBUAKOCTI MOTOKY
MOBITPS, 3aBASIKM HEPIBHOMIPHOCTI €MIOPY PO3MOIIICHHS LIBUIKOCTI HOBITPS B MONEPEUHOMY
MepeTHUHI KaHaiay 1 oOepTaHHS YAaCTHHKH, sIKA& OMMBAETHCS IOTOKOM 3 HEPIBHOMIPHUM
PO3IMOALIIOM IIBUIKOCTI.

JIsi yTOYHEHHS MeEXaHI3My B3a€MOJIli YaCTHHKW 3 TOBITPSHUM IOTOKOM IpH il
nepeMilleHHi B MOBITPSHOMY KaHalli CKOPHCTAEMOCS MOIEIUTIO CHIIOBOI B3aemoii [7, 17-19]
chepruyHOi YaCTHHU B IJIOIINHI, IO MPOXOIUTH Y€pPe3 BICh MOBITPSHOTO KaHAIY .

PiBHSIHHS pyXy YaCTHHKH TIPH i1 BUILIEBKA3aHUX CHJI Y BEKTOPHIN (opmi HaOyBarOTh

BUTJISL
do —dw dr —da
m—=P,+P +P_+P, +P,, —=M; —=V —=0w
dt dt dt dt !
3
e m= T pq — Maca '—IaCTI/IHKI/I;
_ V2
P =C(Re)p, 73 S, — cHJIa aepoAMHAMIYHOTO OIIOpY;
V, = (V + Vn) — BIJHOCHA IIBUAKICTH TEPEMIICHHS YacTHHKHA (IIBHIKICTH
o0TiKaHHS);
2
S, = T — mioma MifeneBoro nepeTuxy;

d = 2r — giameTp KyJIbOBOi YaCTHHKH;

P.» P, — TYCTHHA NOBITPs 1 MaTepialy YaCTUHKY,

C(Re) — koedillieHT aepoHHAMIYHOTO OTIOPY;

| — MOMEHT iHepIIii YaCTHHKH,

® — MBUJKICTh 00€PTaHHS YaCTHHKH,

I' — paglyC YaCTUHKH €KBIBJICHTHICTh IIIIHJPY;

oL — KyT O0epTaHHS;

P — Bigxwisoua cuia XKyKkoBCbKOro;

P, — Bigxuistoua cuiia Marnyca;

P, — cuna onopy npu 60k0BOMY MEpEMIIIEHH] YaCTHHKH.

Marematnune GoOpMyTIOBaHHS i «BIIXWISIOYMX YaCTHHOK» CHJI, BIAMOBIIHO 10
edexty Marnyca 1 reopemu H. E. )KykOBChKOTO BUKOPHUCTOBYIOTH B JIITEpATypl 3a PI3HUMHU
dopmynamu [7-11], anme IS MOJANBIIOrO aHadi3y HAHOLIBII TPUAHATHN 3amuc y (opmi
BusHaveHiid B [7, 13]. Buxoasuu 3 teopemu M. JKyKOBCHKOTO BEIHUYMHA «3MIIydOl CHITH»
(mimiioMHa) [UTS TIOCKO-TIAPaieIbHOTO MOTOKY MPOMOPIiiHA BiIHOCHIM MIBUIKOCTI MOTOKY,
«OMHUBA€E» YACTUHKY 1 BEJIMUMHI HUPKYJIISALII.

R.=p Ve T,

ne [’ — UWpKyNAIis, IIBUIKOCTI IO KOHTYpPY, OOTIKaloyy YacTHHKY pa3oM 3
MOTPaHUYHUM IIAPOM.

Ockinbku hopmysia KyKoBCbKOTO MOKe OyTH 3aCTOCOBaHa TUIBKH 0 HECKIHYEHHOTO
MUATIHApA paaiycoM [y , TO BCi MOAAJBII BUPa3d CTOCYIOTHCS HWJIIHAPUYHOI (GOPMH, a JJIs
nepexoay o GopMH Kyjii, oTpuMaHi (HOpMyJIM MMOMHOXKHTH Ha TEPHEHIUKYISPHUA PO3MIp
YaCTUHKH, 0 IOPIBHIOE Yl

Benwunna nupKysisiii mo KoJoBoMy KOHTYPY [7] Bu3Ha9aeThCst GOpMYIIOFO:
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I, =grad(v.), ar; .

[IIBMAKICTH MOBITPSIHOTO MOTOKY B MTHEBMOKAHAII PO3MO/UICEHA TI0 TIEPETHHY KaHAITY
i st Typ6ynentHoro pexumy(Re>2,3-10°...10%) moxe GyTi BH3HaueHa 3a dopmyoro [11,
13] A. AnbTInys:

o3)
S(X)=1—20975X —1-k(2)In R,
Fnax 2919 135 X

N

-1
ne k(l):zig(%ﬂ.%J ; 4=0.0032+ :'221

7 Re

Toni BiAMOBITHO MBUIKICTh BUZHAYUTHCS PIBHSIHHSM:
RY). _
S(X)=v,, = {Umax(l- kA In—jl - un} :
X

ne | — OIMHUYHMIA BEKTOP MIBHAKOCTI MOBITPSHOTO MOTOKY(BigHOCHO Bici XOVY)
X — BIJICTaHb BiJ] BiCl KaHAITY.
3HaueHHs gradyVs, BU3HAYAIOTHCS TOX1IHOO Bi QYHKII 1O X

do 1
gradv,,, =——=v,,k=.
' X
Toni nUPKyYIAIIS 110 KOJTOBOMY KOHTYPY BU3SHAYHTHCS BUPA30OM
1 5
I'= Umaxkl;ﬂru )

a Besm4yrHa ciin JKyKOBCHKOTO BiAMOBIIHO /10 [3]MaTume BUTIISL:

P, = p[umax(l— kin E)i - ur}u maxK ar?.
X X

OOepTaHHs YaCTUHKHU 36pPHOBOTO Matepiany B (BEpTUKAILHOMY) ITHEBMOKAHAJ MOXKE
BUHUKATH B TAKUX BUTA/IKAX:

NPH MEPICHANKYIISIPHOMY «3aKpy4dyBaHHI» 36PHUHKH ITiJ] YaC BXOy B KaHaJ;

Opu yaapi KyJernoaiOHOI YacTHHKH O JKOPCTKY Ieperikoay (CTiHka KaHaly) 3a
PaxyHOK 3MIIIIEHHS [IEHTPa Mac YaCTUHKH [7];

MIPU HAsIBHOCTI IPpajiieHTa MBUAKOCTI, IPH HEPIBHOMIPHOMY OOTIKaHHI YaCTUHKH.

Ha pyxomMomy 3 0o0epTaHHSIM YacCTHHKM Ji€ CHJa, SKa BIAXWISAE YaCTUHKY B OiK
HOpPMAaJIbHO JI0 BEKTOpa LIBUJKOCTI HAa0Irarouoro MOoTOKY 1 CIpsSIMOBaHa B TOM O1K YaCTHUHKH,
HAMPSAMOK SIKOT 00epTaHHS SKOI CIIBIAJA€ 3 HAMPSAMKOM MOTOKY moBiTps (edexkt Marmnyca).
Jyis Bu3HaAueHHS ii 3HA4eHHs OyaeMO BBakaTH BiamosigHo jgo [7, 13, 15], mo B Touri, e
3HAXOJUTHCS YACTUHKA (B JIaHMII MOMEHT 4acy), BOHA OMHUBAETHCS MOBITPSHUM MOTOKOM, IO
Ma€ MBH/IKICTB:

v, = Umax|:l— k Ini}i -Uy,
X

OJTHAKOBY Y BCiX TOYKaX KOHTYpA.
BennunHa nupkyIisii B bOMy BUIAAKY BU3HA4Ya€eThes 3a popmydoro[7, 13]
_ _ 2
I'=2n v, =2, 0,
e @ — MBHUIKICTh 00EPTaHHS YaCTUHKH (€KBIBAJICHTHOTO IMTIHAPA PAIiyCOM [y

[ligcraBistiroun 3HaueHHS UPKYIsUii I B GOopMyIy OTpUMAEMO BEIHMYUHY OOKOBOT
(Bimxumsirouoi) cuu Marnyca

120



ISSN 2414-3820 KoHcTpyroBaHHs1, BAPOOHHMIITBO Ta EKCILTyaTallisl cUTbchKorocronapchkux mMarms, 2019, purr. 49

P, = Zﬂfuza)p[umax(l— kin EJI - Ur:| :
X

BpaxoBytoun, 1mo B J1BO(pa3HOMY HPOTUTEYHUIBOMY IOTOII IMEBHOI KOHIIEHTpAIll
3MEHIIYETHCS IUIOIMIA BUIBHOTO MEPETHHY Ui PyXy MOBITPS 1 BIAMOBITHO 301TBLIYETHCS
MIBUJKICTh OOTiKaHHS YacTUHKHU. IIIBUAKICTH pyXy MOBITPS Yy MIXK 3€pHOBOMY IPOCTOPI
MOJKHA BpPaXxOBYBATH Yepe3 MOPO3HICTh ABO(A3HOTO MIapy —€ 3a 0OYEBUIHOIO hopmyoro [6]:

v =0l ¢,

1€ U; — HIBUJKICTH HOBITPs Y KaHail 6e3 MaTepiany.
Toai MakcuMalbHy HIBHIKICTh BU3HAYaTUMEMO HACTYITHUM YHHOM |
Umaxl = Umax /8 *

3anucyroun piBHsHHA(1) B mpoekiisix Ha oci cuctemu OXY 3 ypaxyBanusm [10]
oTpuMaeMo audepeHLianbHi PIBHSIHHS PyXy YaCTUHKU Y BEPTUKAJIBLHOMY KaHAII.

d’x(t) __, dx@ \/(dX(t)TJr(dy(t) +19(x))2 +
dt? T dt dt dt
dx(t)
\/( dx(t)jz +[dy(t) N g(x)jz
dt dt

diy@@) ., (dy(@®) dx(t) )" . (dy(t) i
e =g kI{ ot +19(x)j\/( ot j +[ ot +19(x)j +

dx (t)
[dx(t)jz +(dy(t) N S(X)jz
dt dt

4. 5 dx . k

+ (P)K(X) + Py )m‘1

+ (P>K(x) + I:)M(x) )mi1 \/

JIe TIPOEKITiT CHIT:

P n=—2m"p— 9 ,
i) = g PP ma x()+r,
8 dx
Py —gﬂfjpa)a,
P>1<(y) :izmugp I9rir€1<':1x 1-k-In R +ﬂ l9r’:1ax K
3 X@t)+r, ) dt X(t)+r,

1e Iy — pajilyc eKBIBAJIGHTHOTO LMIIH/PA,
R — BizcTaHb Bif BiCi 10 CTIHKHM KaHAIY,

k= iz — Koe(IIiEHT BITPUIBHOCTI;

BiT
@, — LWBUAKICTb BUTAHHS.
[ToyaTkoBI yMOBH:
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X_o =—(Xx—r,);x(0)=0; y(0) =0; x(0) = 9, cosb,; y(0) =9, sinG,;
9,6, — nouaTkoBa LIBHJKICTb 1 KYT 110/1a4l MaTepiany B KaHal,

I'pannuHi yMOBH:
—(X=-r)<x<(x-r,).
OOepraHHsl YaCTUHKH BiZI0OYBA€ThCS 13 3MIHHOIO B 4aci KyTOBOKO MIBHUAKICTIO at). Ii
3HAYCHHS] BU3HAYAEThCA 3 AU(PEPEHIIHHOTrO pIBHSIHHA OOepTaHHS Kyili y B’sS3KOMY
cepenoBuii [9].

dw U
E = —15? y
a

ne Iy — pajaiyc YaCTHHKH,

| — IUHAMIYHUN KOE(IIIEHT B’ I3KOCTI1 MOBITPSL.

Cuctema HeNniHIMHMX AW(EpPEeHLIRHUX PIBHAHBD 3 TPAHWUYHMMHU 1 TOYATKOBUMHU
YMOBaMH BHPIIyBaIach YHUCEIBHUM METO/IOM B iporpamHoMy cepenosum MathCad.

Po3B’s130Kk cucTeMH piBHSHb OTPUMAHO Y BUIJISAII TPAEKTOPINA PyXy YacTOK, Pi3HOTO
po3mipy (Macu) Ta st pi3HUX 3HAYCHD IIBUIKOCTI 00epTaHHsI, SKi HaBEJICHO Ha pucC. 2-3.

0

y(t) 10_11M gL 1 I I | |\\ | x(t),m

-0.04 -0.02 0 002 004 006 008

Pucynok 2 —TpaekTopiii pyxy 4acTOK B THEBMOCEIAPYIOUOMY KaHaIi MPH Pi3HUX 3HAUEHHSX
mBuAKocTI obepranus: 1 - o = 100; 2 - = 150; 3 - ® = 200;
Jicepeno: pospobneno asmopamu

0

y(t) 10" M

5 l 1 l 1 1 \l I\I X(t) M
-0.04 -0.02 0 0.02 004 006 .08 '
Pucynok 3 — TpaekTopiii pyXy 4acTOK B ITHEBMOCEIAPYIOYOMY KaHaJi TIPU Pi3HUX
3HaYECHHSX KoedimienTa BirpmisHocTi: 1 — ky = 0,174; 2 — ky; = 0,153; 3 -k = 0,121
Ihicepeno: pospobnerno aemopamu
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BceranoBneno, mo Juisi KO)KHOTO MOTOYHOTO MOMEHTY uacy t=1; 3 KoopauHaTamu
nepemimiendss yactunky Yi(t) Ta Xi(t) y BIXNOBIAHMX HaANpsSMKax MOXIIHBO MOOYIyBaTH
TpaekTOpii mepemileHHs B cucteMi koopauHat XOV.

BucnoBku. 1.Ha ocHOBI Te€OpeTHUYHUX MOCHIIPKEHb 3 ypaxXyBaHHSIM BIAXWISIOUHUX
cun JKykoBcbkoro Ta MarHnyca BHM3HAU€Ha MOXJIMBICTH HOJUIYy YaCTUHOK 3€PHOBOIO
MaTepiany Ha (¢pakmii 3a aepoJAWHAMIYHUMH BJIACTHUBOCTAMU Yy BEPTHKAJIbHMX KaHalax 13
HIDKHIM BUBaHTaXEHHSIM.

2. BUKOpUCTaHHS TOBITPSHOTO IMOTOKY, SIK PO3AUISIOYOrO HOCIS, JO3BOJISIE 3HAYHO
30UIBLINTH BEJIMYMHY PO3ILEIUIEHHS TPAEKTOPIi 1 KpUTepiil MOALTY 3epHa Ha (QpakLii.

3. CrBOpeHi cCIHpolIeHI MaTeMaTW4HI MOJAETl pPyXy KOMIIOHEHTIB 3€pHOBOTO
MaTepially B HOBITPSHMX celaparopax 13 BEpTUKAJIbHUMHM KaHalaMH, SIKI JIO3BOJISIOTH
BU3HAYMTH PAIliOHATBbHI PEXUMH POOOTH HOBHX TEXHIYHUX 3aCO0iB.
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Investigation of the Movement of Particles of Grain Material in the Vertical Channels of

the Pneumogravitational Classifier

The separation of grain mixtures into fractions by aerodynamic characteristics allows to increase the
level of purity of the basic material - grains, seeds, etc., that is, to obtain a product with a given level of quality.
The article discusses increasing the efficiency of fractionation of grain mixtures in pneumatic ducts of circular
cross section by determining the rational shape and parameters of the material supply, as well as the shape of the
pneumatic channel and options for unloading fractions.

Based on the use of aerodynamic provisions, an original mathematical model of the process of moving
the particles introduced at an angle to the vertical pneumatic channel was created. The proposed model takes into
account the logarithmic irregularity of the air velocity field plot. A number of assumptions have been made: air
turbulent mode, the resistance of the particle is proportional to the square of its relative velocity, the particles do
not interact with other particles and the walls of the channel, while rotating at a constant speed. Regularities of the
change in the speed of movement and the trajectory of the material in pneumatic channels of circular cross section
with lower discharge are obtained. The patterns of particle motion in the form of a material point along the surface
of the nutrient phase were determined taking into account the air resistance forces, friction forces, humidity and
density of the material based on a theoretical study of the fractionation of a grain mixture in pneumatic channels
of circular cross section.

On the basis of theoretical studies, taking into account the deflection forces of Zhukovsky and Magnus,
the possibility of separating particles of grain material into fractions by aerodynamic properties in vertical
channels with lower discharge was determined. The use of airflow as a separating carrier can significantly
increase the magnitude of the delineation of trajectories and the criterion of separation of grain into fractions.
Simplified mathematical models of motion of components of grain material in air separators with vertical
channels allow to determine the rational modes of operation of new technical means.
air flow, variable air speed, trajectory, stability of forces, fractions, fractionation process, grain mixture,
air separator, pneumatic circular flow
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