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npupoodoxkopucmysants Yxpainu « bepescancokuii azpomexHiuHuil iHcmumym»

BU3HAYEHHSA TUHAMIYHUX HAPAMETPIB KOPCTKOI'O
OYUCHHUKA ITPU B3AEMO/II 3 KOPEHEIIJIOAOM

Pe3tome.  [IposedeHo  00cniOdxiceHHA KOHMAKMHOI  83AEMOOIl  HCOPCMKO20 pobOY020  OpeaHy,
8CMAHOGNICHO20 HA  NPYIUCHIN  NIOGicYl pOMOPHO20 OOOHUCHUKA 20NIBOK KOPEHenn00is, po3milyeHo2o
NEePReHOUKYIAPHO 00 OCi pAOKI8 NOCigis, GUX00AUU 3 YMOG NOGHO20 DYUHYSAHHA 3ANUWLKIE 2UYKU 34 YMOGU
HENOUIKOONCEHHA MINA KOpeHennooy. BusHaueno mexci Moxciugux HasanmasiceHs, wo 0iloms 3 OOKY pobouo2o
opeany 3aNedNHCHO Bi0 MEXAHIYHUX 61acmugocmeil mina KOpeHenniody mda 3aNUuKie 2uy¥Ku, a mMaKodc ix
2eOMEeMPUYHUX POIMIDIG.

Kniouogi cnoea: nisva konmaxmy, Mooyie npyscHocmi, Kpumepii pyunyeanusa Tpecka, Mmakcumanvua
ma MiHiMansHa cunu yoapy pobouozo opeamy.

A. Linnik

DETERMINATION OF DYNAMIC PARAMETERS OF RIGID
CLEANERS IN INTERACTION WITH ROOT

Summary. High quality operation for cleaning sugar beet roots occupies a significant place in the
technological process of harvesting root crops, as the decrease in the remains of sugar beet tops in raw material
provides higher economic benefit by means of reducing the cost of transportation, storage and processing raw
material. The study of the existing designs of the working bodies used for cleaning the remains of sugar beet tops
gave the opportunity to state that the most effective cleaning of the remains of sugar beet tops can be done with
the help of a hard working body of a circular cut installed on an elastic suspension bracket, which compensates
for the excess of the applied force that can damage sugar beet roots and which is a negative parameter of the
quality of the work of cleaning machines. Thus, this research is a theoretical substantiation of the process of
cleaning from sugar beet tops with the help of a spring loaded hard working body of a cleaning machine with the
determination of the dynamic parameters of the cleaner.

In this case the interaction of a rod and a root is represented in the form of a plane contact problem of
the two body forms of the surfaces of rotation. In the process of interaction, the two bodies, namely the rod and
the root, contact along the length of the straight-line part of the root while their centers are close to the axis. The
size of the contact spot, the approaching of the contacting bodies to each other, the average, normal and the
maximum pressure on the root were determined, which allowed to set limits of the allowable loads on the root
from the rod, considering the geometrical and the mechanical characteristics of the working body of the device
and the head of the root crop in order to ensure a complete breaking of the remains of sugar beet tops and no
damage caused to the productive part of the root and in order to knock it out of the line. The results of changing
the kinematical parameters of the cleaner are shown with the help of visual aids.

Analytical dependences make it possible to optimize the parameters of the technological process of
cleaning from sugar beet tops on the basis of the further analysis of the dynamic and kinematical components of
the existing modeling system «machine-working body-root crop».

Key words. Contact patch, elastic modulus, fracture criterion Treska, maximum and minimum impact
force of the working body.

Ymoeni nosnauenna:
Ry, — paziyc npyTka, MM;
R — paniyc KopeHermIomy, MM;
a — IOBXHHA IUIIMU KOHTaKTY, MM;
d — cymapHe HaONMKEHHS! KOHTAKTYIOUHX TiJl, MM;
Oyp — HAOMKEHHS TIPYTKA, MM;
O, — HaOJIMKEHHS KOPEHETIIOMY, MM;
Uy, — 30JIMIKEHHS MTPYTKA, MM;
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Uy, — 30JIDKEHHS KOPEHEIJIoAY, MM;

P, — cepenHiit HopManbHUIt THCK, [1a;

P, — makcumanbamii THCK, Ia;

di — iaMeTp KOpeHerony, MM;

dyp — miaMeTp IpyTKa, MM;

Ey — Momynb ipy>kHOCTI TiNla KopeHerony, [1a;
E,;, — MoIyJb IPY:XHOCTi MaTepiany npyTka, [1a;
E’ — npuBenenuit Moxyib npyxkHocTi, [1a;

X — BiICTaHb BiJl LEHTPY KOHTAKTY 10 MiCLi, B AKOMY BU3HAUa€ThCs 30JIMKEHHS, MM;
¢ — KYT [IOBOPOTY B 30Hi KOHTaKTY;

v, — KoediuienT [TyaccoHa Tina KopeHemoy;

Vi — Koedinient Ilyaccona matepiany npyTka;

T, — YMOBA pyiiHyBaHHs KopeHemnony 3a Tpeckom;
T, — YMOBa pyiiHyBaHHs THYKH 3a TpeckoMm.

ITocranoBka mnpobuaemu. OJHIEIO 3 HaraabHUX NPOOJIeM IMpU 30MpaHHI KOpPEHIB
IyKPOBUX Ta KOPMOBHUX OYpsIKiB € JIOOUMIIEHHS TOJIBOK KOpPEHEIIoNiB. Y Iiif mpobiemi
BOXJIMBE MICIle HAJICKUTh PO3B’S3aHHIO 3a]adi  SKICHOTO JIOOYHIICHHS TOJIOBOK
KOPEHEIUIO/IB BiJl 3aJIUIIKIB THYKH 32 YMOBHU 30€peKeHHs LUTICHOCT] MPOJyKTUBHOT YaCTHHH
KOPEHSL.

AHaJTi3 ocTaHHIX JocaiKeHb. [Ipu po3poOieHHi pobounx opraHiB Ta BUBHAYEHHI iX
KIHEeMAaTHYHUX 1 JUHAMIYHUAX ITapaMeTpiB 4YacTO HE 30BCIM IPABHIBHO (DOPMYITFOIOTHCS
3amavi. SIK HaCNIiZOK, 0 FOTO Yacy HE ICHYE YiTKOi TEOPETHYHO OOIPYHTOBAHOI METOIMKH
BH3HAYCHHS KiHEMAaTHYHHX Ta JWHAMIYHUX MapaMeTpiB i pexkuMiB poOOTH TaKMX pOOOUMX
OprasiB, ski 0 JO3BOJIMJIM BpPaxOBYBaTH MEXaHIUHI BIACTUBOCTI ¥ reOMeTpHuHI MapaMeTpu
KOPEHIB Ta 3aJIAIIKIB THYKH.

MeTtoro 1aHoi po0OTH € BH3HAYCHHS JUHAMIYHHMX MOKAa3HUKIB POOOTH JOOYHCHHKA
KOPEHEIUTOMIB 3 JKOPCTKHM IiANMPY>KHHEHAM POOOYMM OPraHOM 3aJIe)KHO BiJI MEXaHIUHHX
BJIACTHBOCTEH Tijla TOJIOBKM KOPEHEIUIOAY Ta 3aJIMINKiB THYKH, a TaKOX iX F€OMETPUYHUX
po3MipiB.

Pesyabratn npociaimkeHnsi. /i1 BU3HA4YEHHS MeEX JOIYCTUMOTO HaBAaHTAXEHHS 3
00Ky poOOUYOro opraHy OYUCHHKa (’KOPCTKOTO ITiIIPYKHUHEHOTO MPYTKa, Jaim — MpyTKa) Ha
TOJIOBKY KOPEHEIUIOAY 3 YMOB HEMOUIKODKEHHS KOPEHs, alle pyWHYBaHHS 3aJIUIIKIB THYKH
JIOIITHHO PO3TIITHYTH KOHTAKTHY 3a/1a4y: IOBEPXHS MPYTOK-TOJIIBKa KOPEHEIUIOAY (3aJIUINKiB
THYKH).

B 3arampHOMYy B3aeMoAil0 TpyTKa 3 KOPEHEIUIOAOM (3aIUIIKOM THYKH) MOYKHA
MPEACTaBUTH CXEMOIO, HaBe/IeHOIO Ha puc.l. ToOTo y BUIIISII TIIOCKOT 3a/1a4i KOHTAKTY ABOX
TiJ1 POPMHU TTOBEPXOHBL OOCPTAHHS.
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PucyHnok1. Cxema 10 BU3HaU€HHs KOHTAKTY MPYTKa 3 FOJIBKOIO KOPEHEMIOLY (3aIULIKOM MMYKH)

Figure 1. Scheme to determine the contact rod with head of root crop (residue tops)

B mpomeci B3aeMomii — JBa Tila MPYTOK Ta KOPiHb (B 3arajlbHOMY BHIIQJIKYy 3
pamiycaMu KpUBH3HHU Rnp (IOmepevHOro MmepeTuHy) Ta R = KOHTakTYIOTh IO JIOBKMHI
MPSMOJIiHIHHOT YacTUHU JOBXHUHH 2. [Ipym mboMmy iX IEHTpU HaOMMKYIOTHCS Ha OCi Ha
BEIIMYUHY § = §np + §K.

HeoOXimHO  BHU3HAYUTH:  pO3MIpH  IUIIM  KOHTAaKTy 2a,  30MmKeHHS

+u, = o= 5@ + 5;<§ cepeTHi HOpMaTbHUN THCK P, 1 MAaKCUMAaJIbLHUN THCK P. Tyt .,
aHaJoriuHe u, 1o Ha puc.1.

Skmo Touku S | S, IOBEPXOHB MPUUIIUTA Y JTOTHK, TO
u,, tu,+h=0,,+6,=90. (1)

CHiBBIJHOIIICHHS MiX ITEPEMIIIEHHSIMH Ta TEOMETPIi€I0 KOHTAKTYOUnX Til [1] MoxHa
3amucaty y BUTIISI

( MZ"P (O) _ uZ"P (X) j + [uzk (O) _ uZK (X)j — l L + 1 X2 . (2)
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a a 2R R,

np

%4_&—2 1 1
(3)

BpaxoByroun, o po3Mip 30HH KOHTAaKTy g >> d OTPHUMYEMO, KOJIU Ae(pOpMyBaHHS
KOJXKHOTO TiJIa XapaKTepU3Y€EThCs BiAHOIEHHSIM CyMapHoi jedopmartii 10 HaiBpo3Mipy 30HA
KOHTaKTy d/a - 3 Apyroro 60Ky, Benn4uHa Jedopmailii mpornopuiiHa KOHTAKTHOMY THCKY,

BiJTHECEHOMY JIO MOJTYJISI IPYKHOCTI
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['onoBka KopeHst OypsiKa Mae MOBEPXHIO Tilla 0OEpTaHHsS 3 KOHYCOM R, , IIOBEPXHs
R R, R,

R, >R, . OCTaHHIN BHpa3 MatuMme BUTIsL 1 1 . 3rigHo 3 [2] cymapHe MepeMilleHHs B
np _=—
R R,
OyIb-sIKii TOYIlI 30HM KOHTAKTY, SIKIIO KOHTAKT BiAOYBAEThCS 11O 00IACTI,

MpyTKa Mae pajiyc KpUBHU3HU R , TOAI KpWUBH3HA | (1 L] ] BpaxoBytoun, 1mo
np =

2

uznp —+ uzx = 5_ 23; . (6)

np

Po3nofin THCKy B 30HI KOHTAKTy KpyroBoi 001acTi

1
P=P0(1—xz/a2)2 (7)
3YMOBJIIOE HOPMaJIbHI 3MIIIICHHS
I_VZPO T, 2 2, 2. 2
u (r)= —| —(a —x"+x"cos” @)dp=
(N=—""" ¢ P)do
1-v? 7P
= 2 (2a* —x%), npu x<a.
E 4a (8)

Tuck, mo nie 3 OOKy HpyTKa, TOPIBHIOE THCKY Ha KOpiHb. BBememMo B po3riisn
IpUBEIEHUH MOIYJIb IpykKHOCTI E’

P _l-v 1w, )

BpaxoBytoun, 1110 MOAYJIb IPY>KHOCTI E,, mpyTKa Ha KiJibKa (5—6) mopsi/IKiB BUIIE 3a
MOJIyJIb IIpyKHOCTI E, KopeHs, a xoedinientn ITyaccona V,,V,, MAlOTh 3HAUCHHS OJHOTO

NOpSAKY, TO Apyruil AogaHok Bupaszy (8) moxHa mpuitastu piBHEM 0. Toxi mpuBeneHuit
Moty b npykHOCTi g Ep
1-v;
[Tepenummemo (8) 3 ypaxyBanusM (6) ta (9)

2
2 LR oy s X (10)
E’ 4a 2R

np
Y 1eHTpi 30HU KOHTAKTy Uy +u, =, a TpaHWIll 30HU KOHTAKTY BIJIIMOBIIAE

3HAuUeHHS X = a, ToMy 3 (10) oTrpumaemo

_7RR,

a 7
4E 11
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30amKeHHST TiJ (CyMapHi 3MIICHHS) i, (0)+u, (0)= J 3HAXOJWMO 3a YMOBH, IO

x=0.Tomi 3 (10)

JzizaE)

2E (12)

3 ypaxyBaHHSIM BJIaCTMBOCTEH KOpeHs Ta npyTka Bupasu (11) ta (12) nepenumemo y
BUTJISLAL

TFR, zwaPF
a=#(l—v§);5=%(l—vf). (13)

[ToBHE HaBaHTaKEHHS, IIIO CTUCKAE KOPiHb,

a 2 )
= == . 14
P IOP(x)2axdx 3E)7t'a (14)
3 Bupazy (14)
P - 3P2
2wa” (15)

MaxkcuMa bHUE THCK Yy 30HI KOHTAKTY Bij il MMOBHOTO HaBaHTa)KEHHS 3aJI€KHO BiJl
BIIACTHBOCTEH KOPEHS BUPA3UTHCS K

_ s EFP° (16)
- 2,2 4/3
ﬂ'Rnp (vnp )

0

3 BupasiB (16) ta (18) MoKHA 3HAUTH MaKCUMaJIbHE 3HAYCHHS CHJIM, IO MOXE JUSTH
Ha KOPiHb, SIKa HE 3aBJIaCTh HOMY pyWHIBHUX HAIPYKECHb:

ngwwfw3

T

max 2
2E, . (18)

3 apyroro 60Ky, IpH Ail Ha 3aJIMIIOK I'MYKK HA KOpeHemtoxi y Bupasi (18) cuma P
MTOBWHHA TIEPEBHINYBATH 3HAYCHHs, HEOOXiTHE [T pyHHYBaHHS 3QJIAIIKY THUKH,

JER)SE WV, D

> A (19)
min 2E2 2

Takwmu € CIiBBITHOIEHHS, IO BU3HAYAIOTH 3HAUCHHS MEXI1 CHJIH, SIKa TOBUHHA JTISITH
Ha KOpeHeIUT Ajs 3a0e3ledeHHs] pyWHYBaHHS 3aIMIIKIB TWYKH O€3 IOIIKO/DKEHHS Tija
KopeHeruony. [Ipu 1iboMy BHITQJOK, KOJM CHila P € JOTHYHOIO JI0 3aJMINKy TMYKH, MOXXHA
HE PO3IJIAAATH, OCKUJIBKY B IIbOMY BUIIAAKY P . 3a0e3NeuuTh 371aM 3aJIUIIKY.

OnTuMalibHI YMOBH pOOOTH JOOYHCHHKA OYyAyTh 3a0e31euyBaThuCs, KOJTU PEXKAM HOTO
poboTu 3HaxoAUTUMEThCA B Mexkax P ..P. . Jlusd Bisyami3alii oTpUMaHHX pe3yJIbTaTiB

MIPOBOJMMO MOOYA0BY TI'padikKiB TEOPETUYHOTO MPOTIKAaHHS POOOYOro MPOIECy 3aIeKHO BiJl

169



BICHUK TEPHOIIJIbCbKOIO HALJIOHAJIbHOI'O TEXHIYHOIO YHIBEPCUTETY. Nei (73) 2014

3MiHM YacTOTH 0OepTaHHsI pOOOYMX OPraHiB i BIAMOBIAHO MPUKIIAIEHOTO 3yCHIUIS IPU Pi3HiH
MOCTYNANbHIM MmBUAKOCTI MammHu (puc.2). Ha orpumanoMy rpadiky Bi3HaA4eHO Mexi
ONTUMAJILHOTO 3YCHJUISL Jii OYMCHOTO eJleMEHTa Ha TOJIOBKY KOpeHs, 3a sKHX Oyxae
BiI0OyBaTHCs pYyWHYBaHHS THYKH, a He KopeHerniony. L{i mexi cranomisaTs 1210...4800 H.
[Ipu mBuakocti pyxy Mamuuu 1,0 m/c (kpuBa 3) cHocTepiraeThCsl IIUPLIMNA Jiana3oH
ONTUMAIBHOI YacTOTH o0epTaHHs pobouux opranib (37...65 c_l), HIK st mBuakocti 2,0 m/c
(26...48 ¢ ). 3 pesynbraris, oTpuMaHHX Ha rpadiKy 3aleXHOCTEH, BUOHpaeMo HeoOXiHi
ONTUMAaJIBHI TapaMeTpu pOOOTH 0 OYHCHHKA.
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PucyHnok 2. 3aieXxHICTb Aif040T HAa KOPiHb CHIJIM 3 OOKY MPYyTKa 3aJIE)KHO Bil KyTOBOT LIBUIKOCTI
BaJIa MPH Pi3HiM MoCTymanbHil mBUAKOCTI MammaA: 1 — 2,0 M/c, 2 — 1,5 M/c, 3 — 1,0 m/c

Figure 2. The dependence of the current on the root of force by the rod, depending on the angular velocity
shaft for different translational speed machine: 1 —2.0 m/s 2 — 1.5 m/s, 3 — 1.0 m/s
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BucnoBkn. BusHaueHO po3MipH IUISIME KOHTAKTY, 30JMKEHHSI KOHTAKTYIOUUX TiJ,
CepeHili HOpMAJIbHHHM 1 MaKCUMAaJIbHHA THCK Ha KOPEHEIUTJI, IO JIO3BOJIAJIO BCTAHOBUTH
MeXl1 JONMyCTHMHX HaBaHTaXEeHh Ha KOPEHeIIi 3 OOKy TMmpyTka 3 YypaXyBaHHSIM
TeOMETPHYHUX Ta MEXaHIYHUX BIIACTUBOCTEH pOOOYOTO OpraHy Ta Tijia FOJIiBKH KOPEHEIUIOLY
Ui 3a0e3NeYeHHsT YMOB TIIOBHOIO OOJaMyBaHHS 3ajJMINKIB THYKH Ta BIJACYTHOCTI
MOIITKO/KeHb 3aBJIaHKX TPOTYKTHBHINM YaCTHHI KOPEHEIUTIONY Ta BAOWBAaHHS HOTO 13 psjKa.

Conclusions. The size of the contact spot, the approaching of the contacting bodies to
each other, the average, normal and the maximum pressure on the root were determined,
which allowed to set limits of the allowable loads on the root from the rod, considering the
geometrical and the mechanical characteristics of the working body of the device and the head
of the root crop in order to ensure a complete breaking of the remains of sugar beet tops and
no damage caused to the productive part of the root and in order to knock it out of the line.
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