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Merta. Po3po0OieHHsT aHaTITHYHOT MOJEII Ta MOCTIKCHHS MEPEMIIIeHHS YaCTHHKH IO MOBEPXHI KOHYCHOTO
JMICKOBOTO POTaliHHOTO J103aTopa-3MilllyBadya CHIIKMX MatepianiB. Merogmka. Ha yacTuHKy, sika po3MilieHa Ha
KOHYCHOMY TTUCKY, Ji€ CHJIa TSOKIHHS, HallpaBJeHa BEPTUKANIbHO BHM3, CHJIA TUCKY BEPTHKAIBHOI CKIIAJ0BOI CUIIKOTO
KoMIoHeHTy. Cuila HOpMaJIbHOI peakilii MOBepXHI KOHYCHOTO IHCKY HampaBJeHa NEpHEeHIUKYJIPHO 10 TBipHOI
KOHYca JUCKa-1103aTopa B 33/1aHii TOYIl Jie po3MillleHa MaTepiayibHa YyacTHHKa. CHcTeMy KOOpAMHAT JieKapToBa. Bich
X HampsMJIEHA I10 TBipHIH Bif BEpIIMHH, BiCh Y MEPHEHIUKYIIPHA 10 OCi X 1 Z i HampsMJICHa B CTOPOHY OOCpTaHHS
JIMCKa, a BiCh Z HaNpsAMJICHA BEPTHUKAIFHO BBEPX. BEKTOp BiALIEHTPOBOI CHIM HampsAMIICHHI B310BXK paniyca. Cmia
Kopwuorica HanpsiMieHa 1o AOTHYHIN NEPHEHANKYIISPHO 0 OCi X B MPOTHIIEKHY CTOPOHY 10 HANpsIMKY oOepTaHHS
mucka. Cuia TepTs, SK pe3yJbTYIOUMH BEKTOP CHIIM, HamnpsMIICHHH B NPOTHJIIECKHMWN HamNpsM BiJ HaNpsIMKY
MepeMileHHs] YACTUHKH TI0 TUCKY IO 3yMOBJICHO BiIIEHTPOBOIO CHIIO0. CHila TEPTS YaCTHHKH 00 MOBEPXHIO TUCKY
PO3KJIala€ThCcs Ha HOPMaJbHY 1 pafiasibHy mpoekuii. Po3risigaoun eneMeHTapHy 4acTHHKY, SIK MaTepialbHy TOUKY,
mudepeHIiaabHe PiBHAHHSA PyXy B BEKTOpHIH Qopwmi. IIpoekryrounm BeKTOpHY piBHICTH Ha oci X, Y, oTpuMaHO
cucreMy audepeHIianbHUX PIBHAHb PyXy YacTHHKH. {11 po3B’sa3Ky OudepeHmiaabHUX pPIBHIHb BHUKOPHUCTAHO
YHUCIOBUIA MeTox po3B’si3Ky Pymre-Kyrra 3a momororo ¢yukmii rkfixed B cepemoumi MathCad. PesyabraTu.
IBUAKICTE i TPaeKTOPIs MEPEMIIIEHHS YACTHHKH CHITKOTO MaTepiaiy 3aJeKUTh BiJ KyTa TBIpHOI KOHYCHOTO JTUCKY i
4acTOTH Horo obepTaHHs. I3 301IbIICHHS KyTa TBIPHOI KOHyCa 3MEHIIY€ETHCS TPUBAIICT MEPEMIIlEHHS YaCTHHKH 10
MOBEPXHI KOHyca ¥ Bimmane mnepemimeHHs. [[7aBHICTP HepeMilleHHS  BH3HAYA€ThCA KYTOM MDK BEKTOpaMHU
IWBHAKOCTEH Vy 1 Vy. IlnaBHiCTh 3MiHM HANpAMKy BEKTOpa Pe3yNbTYIOUOi LWIBUIKOCTI YMOXKIMBIIOE MiJBUILEHHSA
TOYHOCTI JO3YBaHHA Marepiany i 30impmrye muckpeTHicts. HaykoBa HoBH3HA. Brepmie oTpumaHO cHcTeMy
IudepeHniaJbHUX PiBHAHB PYXy MaTepiadbHOI YaCTHHKH 10 KOHYCHOMY IHCKY-103aTOpi BiAIIEHTPOBOTO THITY, IO
BPaxOBYIOTh PO3IOJII CHJI TEPTS YacTHHKH OO0 ITOBEPXHIO IUCKY Ha HOPMAJIBHY 1 pajiasibHy NpoekIii, Ta ix
po3B’s30k  umciaoBUM MeTonoM Pyrre-Kyrra. Ilpaktmuna minHicTs. CHcTeMa mudepeHIanbHUX pPIBHSIHb Ta
AITOPUTM X PO3B’SI3KY YMOJXKJIMBIIIOE MOJETIOBAHHA KOHTPYKLIHHO-TEXHOJOTIYHHX IapaMeTpiB BiIIEHTPOBOTO
KOHYCHOT'O IMCKOBOT'O /103aTOPa CHIIKMX MaTepiaiB.

Knrouosi cnosa: nozarop nuckoBuii, Meton Pynre-Kytra, BinmeHTpoBa cmia, cuna Kopuoica, BEKTOp MIBUAKOCTI,
cucremMa nugepeHIiaTbHIX PiBHSIHb.

Bemyn

[IpoekxTyBaHHA poOOYNX €IEMEHTIB TEXHOJIOTIYHOr0 00JIaAHAHHS, 30KpeMa AWCKOBOIO J/103aTopa-
3MilllyBaya HEMOXKJIMBO 0e3 BU3HAYCHHS KIHEMAaTUYHUX MapaMeTpiB MepeMillieHHsI MaTepiaay Ha IOBEpXHi
pobodoro oprany. Y BHIAAKY AMCKOBOTO J03aTOpa-3MilllyBaya AJsl MEpEeMilleHHs Marepiany HeoOXimHo
BU3HAUYUTH TPAEKTOPII0 PYXy OKPEMOi YaCTUHKH CHUIIKOTO MaTepiaiy, MmapaMeTpiB B3aeMOIIl 3 pPyXOMOIO
MOBEPXHEIO, 110 € BAXJINBOIO MPHUKIAIHOIO 337a4€r0 1 yMOXKIIMBIIIOE HA €Talll NPOEKTYBaHHS 3a0€3MeUnTH
BUCOKY TOYHICTb JO3yBaHHS M OJHOPIAHICTH MpOIECy 3MillyBaHHA. ToMy po3poOJeHHS aHATITUYHOI
MoOJeNi MepeMillleHHs YaCTUHKH MaTepialy Ha MOBEPXHI 103YI0UOT0 JUCKY € aKTyalbHUM.

Amnaniz ocmannix 0ocnioricens
BinuentpoBi AUCKOBi 103aTOpH HAOYJIM MIMPOKOTrO BUKOPHUCTAHHS Y PI3HUX Tally3siX BUPOOHUITBA i
TEXHOJIOTisIX 3acTocyBaHHs [1-6]. 30kpema, JOCIiKEHO pyX YaCTHHOK y BUIJISII 36PHUHM SIK MO TUCKOBIi
IIOPOXOBATIil MOBEpXHi [7] Tak i 3 BUKOPUCTAHHAM JionaTok [8].
[lpn BuBeneHHI 3aleKHOCTEH HE BpPaXOBaHO HABAHTAKCHHS HAa YAaCTHHKY BIJI JI0JJATKOBOTO
Marepiay B 3aBaHTaXyBaJbHOMY OyHKepi. [Ipu pyci 4aCTHHKH O MOBEPXHI 3 MPOKPYUYBAHHSIM, IIUPOKO
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BUKOPUCTOBYEThCS MOelib cepu. B poboti [9] npuBeneHo pimeHHs 3amadi pyxy chepu 10 AOBLIBHIM
TpaekTopii. YaapHa B3aeMollisi cEpUYHMUX YACTUHOK 3 POOOYMMH TIOBEPXHSIMH MAIIMH PO3TISTHYTO B
poborax [10; 11]. 3okpema mociifHUKaMK PO3POOIICHI aHAITHYHI 3aJIE)KHOCTI Ha OCHOBI CXeMH il CHIT Ha
YACTUHKY ]I BH3HAYCHHS BITHOCHOT MIBHJKOCTI ii pyXy B3[IOBXK JIONATKH 1 OOTPYHTYBaHHS OCHOBHHX
KOHCTPYKIIIITHO-TEXHOJIOTTYHUX MapaMeTpiB pobodoro oprany [12; 13]. IIpoBeneHi AOCTIDKEHHS PyXY
YaCTHHKHU CUIIKOTO MaTepially 1o MOBEPXHi poTalliiiHoro konyca [14-20].

OnHak psiJi MUTaHb OOTPYHTYBaHHS TNapaMeTpiB pyxXy MaTepially MO KOHYCHUX pOTalliiHHX
MOBEPXHIX 3aJHIIMINCh HE JOCTIHKEHUMH, HE OOTPYHTOBaHO pajliyc TUCKY BiJl KyTa KOHYCa, YaCTOTH
o0epTaHHS i eHepreTUYHI MOKa3HUKH JI03YBaHHS MaTepialy, HEBCTAHOBIICHI ONTHMAIbHI KOHCTPYKIIIHO-
KiHEMaTH4HI TapaMeTpy KOHYCHOTO JO3yIOUOTro JUCKa B 3aJIC)KHOCTI BiJl TEXHOJIOTTYHUX (DaKTOPIB.

ToMy po3poONeHHST aHATITUYHOI MOJENI PyXy YacTHHKH MaTepially Mo KOHYCHOMY JHCKY B
3aJIeKHOCTI BiJf KIHEMAaTUYHUX XapaKTEPUCTHK TIPOILIECY JO3YBaHHS 1 XapaKTEPHCTHK JO3YIOHOTo
Marepiaiy € akTyalbHUM JUIS PO3PaxyHKY i IPOEKTyBaHHS pOOOYHX OPraHiB JaHOTO THITY.

Mema
Po3po0iieHHs aHAMITHYHOI MOIENI Ta JOCHIKEHHS TICPEMIIICHHS 4YacTUHKA 110 IOBEPXHI
KOHYCHOT'O JIMCKOBOT'O POTALIITHOTO J03aTOopa-3MilllyBadya CUIIKUX MaTepiaiB.

Ilocmanoeka 3a0aui
s o3yBaHHS CHUTIKMX MaTepiaiiB 3 OJHOYACHUM HaJaHHSAM iM KiHETHYHOI €Heprii BUKOPUCTAEMO
KOHYCHHUH THUCK, KW 00epTalo4rCh, CTBOPIOE BiAIIEHTPOBY CHITY, IIIO PETYIIOETHCH YacTOI OOEpTaHHS
mucky. [IpocTopoBa cxema jii cri Ha MaTepiaNbHY YaCTHHKY, SIKA PYXa€eThCs IO TUCKY, HaBeAeHa puc. 1.

Puc.l. IIpocmoposa cxema 0ii cun Ha mamepianibHy YACMUHKY, AKA PYXAEMbC N0 NOBEPXHI BIOYEHMPOBO2O
KOHYCHO20 OUCK08020 003amopa
Fig. 1. Spatial scheme of action of forces on a material particle moving on the surface of a centrifugal cone disk
dispenser

Ha wactunky pnie cwma TsokimHg G =m:(, HanpaBlieHa BEPTUKAIBHO BHH3, CHJIA THCKY
BEPTUKAIBHOI CKJIAJOBOi CHIIKOTO KOMIIOHEHTY P = py;-Vi;-0. Cuna HopmanbHOT peakuii MOBEpXHi
KOHYCHOTO JMCKYy HampaBlieHa IEpIeHAMKYJSIPHO A0 TBipHOI 1 BigmoBiAHO OyAe CTAaHOBUTH
N =m g -cos(a), e & — KyT Mi>k OCHOBOIO i TBIpPHOIO KOHYCa JIHCKA.

CucteMy KOOpAMHAT TakolO, LIO BiCh X HampsMJIEHA IO TBIPHIA BiA BEpUIMHHU, BiCh Y
NEePIeHIUKYISIpHA 0 OCi X i Z W HampsMJeHa B CTOPOHY OOEpTaHHS JWCKa, a BiCh Z HampsmIieHa
BEPTUKANBHO BBEpX. BEKTOp BINICHTPOBOI CWJIM HampsMIICHHWH B3/IOBX pajiycy [ i CTaHOBHUTH
Fy= m-w®r;. Cuna Kopuorica HampsiMIeHa MO IOTHYHIN MEPIEHAMKYISPHO A0 OCi X B MPOTHIEKHY
CTOPOHY 10 HampsIMKy oOepTaHHs THCKa, Fynp = 2-m-w-x. Cuia TepTs, AK Pe3yabTyIOUHid BEKTOP
CUIIM, HanmpsSMJICHUI B TPOTWIC)KHWN HANpsM BiJl HANpSIMKY NEepeMillleHHS YacTUHKH I10 JIUCKY IO
3yMOBJIEHO BiameHTpoBoio cmimoro, Fr=1f,- N. BignosigHo, y HaBemeHHX 3aJ€KHOCTIX. @ — KyTOBa
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MIBUIKICTh KOHYCHOTO IWCKa, paa/c; I; — pamiyc Bif oci obepTaHHs 10 YaCTHHKH, I} = X - C0S(a), M; py1 —
IYCTHHA CHITYKOTO MAaTepialy, IO PyXaeThCs IO KOHyCy mcka, Kr/m’, Viq — of'em marepiamy Haj
YACTHHKOIO, IO PYXaeThCs MO KOHYCY AMCKA, M, § — NPHIIBHALICHHS BiibHOrO mamimms, m/c’; f; —
30BHIIIHIA KOEQIIIEHT TEPTS KOB3aHHS MK YAaCTHMHKOIO CHIIKOIO Marepiajly 1 MOBEPXHEH KOHYCHOTO

mucka; X — IIBHKICTS MepeMilleH s YaCTHKH 110 0ci X, M/C; M — Maca MaTepialbHOi YaCTHHKH, KT
Posrnsimaroun eneMeHTapHy YacTHHKY, SIK MaTepialbHy TOUKY, AudepeHIliaibHe piBHSHHSA PyXY B
BEKTOpHiH (opmi OyJie MaTH BUTIISII
r 1 1 1 1 1 1
mia=G+F +F, +N+P+Fq,, 1)

Mooens nepemiugenna 4acCMuHKU noO 8i0UEeHMPOBOMY KOHIUHOMY OUCKY
[TpoekTyroun BeKTOpHY piBHICTH (1) Ha oci X, Y, omepxumMo cucteMy audepeHIialbHUX PiBHSIHb
PYXY YaCTHHKH Y HACTYITHOMY BUTJISI:
jax-=o: F,xcosa +Grsina + Pxsina - F, -mx &= 0
|’ o *
fay =0:-Fyp t Fry —-mx&=0
[Mepenumumo cuctemy audepeHianbHUX piBHSIHB (2), BpaxyBaBIlH CKIIAOBI CHII Yepe3 1X BUpPa3H.
Cuna TepTs YaCTHHKH 00 MOBEPXHIO AMCKY PO3KIAAAa€ThCcs HA HOPMaJbHY 1 pagiainbHy mpoekuii. IIpoekmii
cwd TepTs Ha oci X'1Y OyayTh BiAMIOBIAHO CTAHOBUTH :

F-in)& " E =F.x R (3)

™ T v 7
&+ R ’ &+ &
3Hatoun jgiaMeTp OyHKepa Ta 3a30p MK IOBEpXHEI ITUCKY 1 TOopleM OyHKepa, 3amHumiemMo
3aJIE)KHICTD JUIS BU3HAYEHHS [101a4i;

(2)

Q =2xpxRxh,xu, (4)
ne R — pagiyc HIXHBOT KPOMKHM OyHKEpa KOMIIOHEHTa, M;
ho — 3a30p Mix TopLeM OyHKepa i MOBEPXHEI0 KOHYCHOT'O JAUCKA, M.
BpaxoByrouu pajianbHy HIBUIKICTB, TOaYy 103aTOpa MOYKHA BU3HAYHUTH 32 3QJICKHICTIO!
Q = xxcosa *2xp xhx %, )
1e h — ToBIMHA 1Iapy CUIIKOTO MaTepiany HaJl KOHYCHHM JIHCKOM, M.
[MpupiBusBuHM 3anexHOCTI (4) 1 (5) BU3HAYMMO TOBIIMHY IIAPY CHUIIKOTO MaTepiaty
- Ry (6)
Xxcosa x ¥
BpaxoByrouu Bupa3s abCOMIOTHOT INBUAKOCTI U = /)X + ﬁ , 3a5exHicTh (6) Oyme MaTH BUTIIS

he Rih &+ E (7)

xxcosa )
PiBHsIHHSI pyXy YacTHHKH 110 ocsix X 1 Y HaOyIyTh BUTIISY:

Rih, D&+ -
X xp xR xsina -
xXxcosa X ) (8)

Rxh,

mx & mxw? xxxcos’a +mxgrsina + r, rgx

- f,xmxgrcosa —gxr xfyx xp xR?

%

D&+

mx @ -2 xmxw x &+ f3xmxgxcosax+&+ f3xrk1xngX—h°foXpXR2- 9)
/&+ﬁ X X

BpaxyeMo, 10 Maca BU3HAYAETHCA AK M = py-ho-7-R?, piBustaus (8) i (9) HaGyayTh BUrISALY:
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Jana cucrema piBHsiHb (10) po3B’SI3y€ThCsl YUCIOBHM METOIOM.

Pezynomamu 0ocnidricens ma ix 062060penns
Buxinnumu napameTrpaMu € KOHCTPYKLiiHI po3Mipu Aucka: paniyc konycHoro aucka R = 0,05 m;
pazaiyc Bix Bici j0 mouatky mnepemimieHHst dactHHKH Fo= 0,005 M; kyT TBipHOi KOHyca a = m-6/180, ne
6=0,10,20 — kyr TBipHOi KOHyca B Ipaj.; NPHUCKOPEHHs BimbHOro maminas g = 9,81 m/c’; KkyToBa
HIBUJIKICTH 0OepTaHHs KOHYCHOTO arcka W = 39...64 pan/c.
Po3B’s30k cuctemu piBHsHb (10) mpoBeneHo 3a gomomororo ¢ynkiii rkfixed(X, t1, t2, Npoint, D),
apryMeHTamH sikoi €. X — BeKTOp NOYaTKOBUX yMOB; 11 i t2 — BigmoBigHO moyaTKoBe i KiHIIEBE 3HAYCHHS
3MiHHOI cucTeMu auepeHiianbHuX piBHIHB; NpOIint — yncio po3ouBok Bimpizka [t1; t2]; D — onepatop
Iu(epeHIiOBaHHs. AJTOPHTM YHCIOBOTO pO3B’si3Ky audepeHumianbHux piBHsHb (ynkmii rkfixed
BUKOPHCTOBYE MeToJi PyHre-KyTra ueTBepTOro mopsjaky TOYHOCTI, 3 BUOOPOM BEIHKOI KUJIBKOCTI TOYOK
PO30MTTS BiJpi3Ka 3MiHHOI'O ITapaMeTpa 3a0e3Meuy€eThCsl BUCOKA TOUHICTh PE3YJIbTATIB PO3PaXyHKY.
Pe3yneTat po3B’sA3Ky MpPHBEACHI y BUIUISAI Marpuili (puc.2), MEpUIni CTOBIYHK XapaKTePH3YE
3miny 4acy (c), apyruii — 3MiHy KOOpAMHATH X dYacTHHKH (M), TpeTii — 3MiHy koopauwHatH Y (M),
YeTBEPTHH — pajiaibHa MBUAKICTS YaCTHHKHU (M/C), I’ ATHIf — TAaHTEHIlIATbHA MBUAKICTE YaCTHHKH (M/C).

R

&
[ xf3x
&+ ’ X (10)

; ; tcC R M M wMlc v, Mic
tec WR). M puM Ve Mic W, Me 2 (R). Y- X3 il
- - - 3 = 1] 1 1 3 4 ]
s 0.043 FYEr] .03 7028 378 85 0043 0.034 =004 1792 3121 !
T3 0.043 0038 T0.045 3.005 346 BS 0.043 0.035 D042 1.B36 =3.215
a7 0,044 0.035 047 2164 ) 87 0.044 0036 -0.044 1.581 -3.311
a8 0,044 0036 5048 7235 S143 o botin 087 . Lz A
= 0,045 0037 0,051 2308 4291 i idei L SLliald EIH A
0 0.045 0.038 -0.054 2383 3444 M il 0099 .00 = 3612
a1 0.046 0.039 0,056 2461 4602 el ket s el L2 3717
z=[g Ty P YT T T k=I5 0,046 0.041 -0.052 2123 -3.825 |
a3 0.047 0.042 0061 2625 4,534 92 Q.047 0042 0054 2173 3935
9% 0.047 0.043 -0,063 2711 -5.107 Ll kil alg el ] FiLibs
a5 0048 0.045 0066 2709 5206 95 0.048 0.045 -0.058 2.264 4,164
a6 0.048 0046 -0.068 2801 5an 96 0.048 0.045 061 234 262
97 0048 0.047 0071 2585 -5.662 7 i L ald -0.063 2.297 e
ag 0044 0,048 -0.074 1082 -5 @54 98 0.049 0.048 -0.065 2456 -4.527
ag 0.05 0.051 -0.077 3.183 -6.063 29 0.05 0.048 -0.067 1.516 4,655
100 0.05 0.052 -0.08 3,287 i 0.05 0.051 -0.07 2578
a) b)
" .
ic MRA.M yM v, Mc v, Mc
[ 1 2 3 4
o 0 5-10-3 ] 0 o
1 5104 5.004-10-3 -4.163-108 0017 -3.057-10%
2 11073 5.017°10-3 | -4.460°10°7 0.037 | -1.45510°3
3 1.5:10°3 5.041-10-3 -1.636°10% 0,057 -3.442-10°3
4 21103 507401003 | -4.028-106 0.077 | -6.263-10°3
5 2.510°3 5.117-10-3 -B.038-10% 0.096 -0.916-10°3
6 3+10-3 517103 | -1.408-10°F 0.116 -0.014
5= 7 3.510°3 5.233-10°3 -2 21571075 0.135 -0.02
B 4103 5305103 | -3.382-10°% 0.154 -0.026
2 4.5:10-3 5387103 | -4.853-10°F 0,174 -0.033
10 5103 54791073 | -6.6E2-10°% 0,193 0,041
11 5.5-10°3 558103 | -8.918-10°F 0,212 -0.049
12 6103 5.691-103 ~1.16°107% 0,23 0,058
13 6.5-10-3 581103 | -1.477-104 0,249 -0.06%
14 71073 594103 | -1.847-107% 0,267 -0.079
15 7.5-10-3 6.078-10°3| -2.273-104 0,286
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c)
Puc.2. Pesynomamu po3e’s3ky cucmemu oupepenyianvrux pigusns (10) 3a nacmynnux napamempis:
a-60=1,rpax., w=64pan/c; b -6 =10, rpax., w = 50 pan/c; ¢ - § = 20, rpazx., w = 39 pan/c
Fig. 2. The results of solving the system of differential equations (10) for the following parameters:
a-0=1,deg., w=64rad/s; b-6=10,deg., w=50rad/s; c - =20, deg., w = 39 rad/s

47

PesynbTat MojemoBaHHS IIBUIKOCTEH 32 Pi3HUX 3HAYCHHSIX KYTOBOI IIBUAKOCTI 0OEpTaHHA 1 KyTa

TBIpPHOT TUCKA-103aTOpa MpUBeieHO Ha puc. 3. TpaekTopis mepeMillieHHs] YACTHHKU CHITKOTO MaTepiany

10

MOBEPXHI BiLIEHTPOBOTO KOHYCHOTO JHCKOBOTO J103aTopa 1 3MiHAa KyTa MiXK BEKTOpaMH paliallbHOI i

a0COJIFOTHOI IIBUKOCTEH MPUBEICHI BIAMOBIAHO Ha puc. 41 5.

8
¥, M/C
6 /
g=1" w=64c!
8=10°w=50c /
4
S—— V
=200 w=39 ¢!
2
0
0 0.02 0.04 e 006

Puc.3. Pesynomamu mooentosannsi abcomomnol weuokocmi nepemiuyents YaCmuHKY CUNKO20 Mamepiaiy no
NOBEPXHI BIOYEHMPOBO20 KOHYCHO20 OUCKOBO20 003AMOpPad
Fig.3. The results of modeling the absolute speed of movement of a particle of bulk material on the surface of a
centrifugal conical disk dispenser
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-f=1" w=64cl; -8=10°, w=150¢cl; -8=200 w=39¢!
Puc. 4. Tpaeckmopii nepemiugens YaCMuHKU No NOBEPXHI GIOYEHMPOBO20 KOHYCHO20 OUCKOBO20 003AMopa
Fig. 4. The trajectory of the particle on the surface of the centrifugal conical disk dispenser
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0
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RN
NI

0 3y 3 Vy, MiC
- 8=1" w=64c!; _8=10" w=50c"; SE=200 w=39¢!
Puc. 5. 3mina kyma misxc sexkmopamu padianvhoi i abconiomuoi weuoxocmeri npu nepemiujerti YacmuHKyu CUNKo2o
Mamepiany no no8epxHi 8i0YEHMPOBO20 KOHYCHO20 OUCKO8020 003amopa
Fig. 5. Changing the angle between the vectors of radial and absolute velocities when moving a particle of bulk
material on the surface of a centrifugal conical disk dispenser

30inbIIeHHsT KyTa TBipHOI KOHYCHOTO AWCKY 3MEHIINYE TEePEMIIlIeHHsS YaCTUHKHU 0 KOOPIMHATI ),
BIZIMOBIAHO 3MEHIIYETHCS KyT MiX BEKTOPaMH pafiaibHOI 1 aOCOMIOTHOI MIBMAKOCTEH MpU NEepeMilleHHI
YaCTHHKH CHITKOTO Marepially IO IMOBEpPXHi BiAIIEHTPOBOTO KOHYCHOTO JHCKOBOTO mo3atopa. Hamu
MIPOMOJIEITBOBAHO NI KyTiB TBipHOI KoHyca 1, 10 i 20 rpamyciB i KyTOBUX MIBUAKOCTEH TUCKA BiIIOBITHO
64, 501 39 pan./c.

Amani3z pesynprartiB (puc. 3-5) mokasye, 1o 30iTbLICHHS KyTa TBIpHOI KOHyCa YMOKJIHBIIOE
3MEHIIICHHS] YacTOTH OOEpTaHHA JUCKa 1 TMOKpallye TIUIABHICTh 3MIiHH aOCONIOTHOI IIBHIKOCTI
TIEPEeMIleHHs] YaCTHHKH 10 JIUCKY, 10 TOKPAIIy IJIABHICTh i TOYHICTH JO3YBaHHS CUITKOTO MaTepiany.
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Lviv Polytechnic National University

SIMULATION OF BULK MATERIAL DESCENT
FROM CENTRIFUGAL CONE DISC DISPENSER

Aim. Development of an analytical model and study of particle movement on the surface of a conical disk
rotary dispenser-mixer of bulk material. Method. The particle, which is placed on the conical disk, is subjected to
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gravity directed vertically downwards, the pressure force of the vertical component of the bulk component. The force
of the normal reaction of the surface of the conical disk is directed perpendicular to the cone generating line of the
dispenser disk at a given point where the material particle is located. Cartesian coordinate system. The x-axis is
directed along the generator line from the vertex, the y-axis is perpendicular to the x-axis and z-axis and is directed
towards the rotation of the disk, and the z-axis is directed vertically upwards. The centrifugal force vector is directed
along the radius. The Coriolis force is directed tangentially perpendicular to the x-axis in the opposite direction to the
direction of rotation of the disk. The friction force, as the resulting force vector, is directed in the opposite direction
from the direction of movement of the particle on the disk due to the centrifugal force. The force of friction of the
particle on the surface of the disk decomposes into normal and radial projections. Considering an elementary particle
as a material point, the differential equation of motion in vector form. Projecting the vector equality on the X and Y
axis, we obtain a system of differential equations of particle motion. The numerical Runge-Kutta solution using the
rkfixed function in the MathCad environment was used to solve the differential equations. Results. The speed and
trajectory of the particles of bulk material depends on the angle of the conical disk and the frequency of its rotation.
As the angle of the cone generating line increases, the duration of movement of the particle on the surface of the cone
and the distance of movement decreases. The smoothness of movement is determined by the angle between the
velocity vectors vy and v,. Smooth change of the direction of the vector of the resulting speed makes it possible to
increase the accuracy of dosing the material and increases the discreteness. Scientific novelty. For the first time, a
system of differential equations of motion of a material particle on a conical dispenser of centrifugal type was
obtained, which takes into account the distribution of particle friction forces on the disk surface on normal and radial
projections and their solution by the Runge-Kutta numerical method. Practical value. The application of the
obtained system of differential equations and the algorithm of their solution makes it possible to model the design and
technological parameters of the disk conical centrifugal dispenser of bulk materials.

Keywords: disc dispenser, Runge-Kutta method, centrifugal force, Coriolis force, velocity vector, system of
differential equations.
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