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MATEMATHUYHA MOJIEJIb B3AEMO/III COIIHUKA ITOCIBHOI'O KOMILJIECY3
ITPYHTOM 3A YCKJIAJHEHUX YMOB HOI'O EKCILTYATAILI

Ilpeocmasnena mamemamuina mMooens OUHAMIUHOL 83AEMOOTT NAPANeNOSPAMHO20 MEXAHIZMY
OUCKOBO-AHKEPHO20 COuHUKA 3 peaveghom noas. llpu yvomy nepedbaueno, wo nepeuwikooa, Ha Ky
NOMPANIAE ONOPHE KOIECO COWHUKA, MAE CUHYCOIOANbHY N0GepxHio. P0o36 530K KiHeMamuuuux pig-
HAHb 0036015€ BU3HAYAMU 8 OYObL-AKUL MOMEHM YaCy WEUOKOCME MA NPUCKOPEHHSI OKDEMUX eleMeH-
mi6 Mexauizmy 8 3aledCHOCmI 6i0 Gopmu npopinio nepewroou Ha NOBepXHI NoJs ma 6id 8iOHOCHOT
WBUOKOCMI COUHUKA.

Knrwouosi cnosa: cinbcoko2ocnooapcbka mexHia, pyxomi 3 €0OHAHHS, KIHEMAMUYHI DIGHAHH,
napanenroespamHuti Mexanism, OUHAMIYHA 83AEMOOISL.

A mathematical model of the dynamic interaction of the parallelogram mechanism of the drill
opener with field relief is presented. It is assumed that the obstacle to which the support wheel of the
coulter falls has a sinusoidal surface. The solution of kinematic equations allows you to determine at
any time the speed and acceleration of individual elements of the mechanism, depending on the shape
of the obstacle profile on the surface of the field and the portable speed of the coulter.

Keywords: agricultural machines;, movable connections; kinematic equations; parallelogram
mechanism, dynamic interaction.

IHocTanoBka mpo0JemMn
OCHOBHMMH TEXHOJIOTiSIMH TPY BHPOLIYBaHHI OyIb-sIKOi CUILCHKOTOCIOAAPCHKOI KYJIbTYpH €
TpaauiiiiHa (KiacudHa), MiHiManbHa Ta HynboBa (No-till). Bkazani TexHomOrii MaroTh, SIK CBOI TIepe-
Bar”, Taxk 1 HEJONIKH, NMPH LbOMY KOXKHA 3 HUX Nependadae BUKOHAHHS TEXHOJOTIYHOI omepamii —
ciBOu. Pi3Hi TexHOMOr1i BUpOOHUIITBA 3€pHA, 3a3BUYAl, PI3HATHCS JIUILE ONEPalisiMHU 100 OCHOBHOI'O
Ta TEPEANOCiBHOro 00poOiTKY IpyHTY,ciBOH. [Ipu npoMy cocobu 30MpaHHS, TPAHCIIOPTYBaHHS, J0-
IS 32 IOCiBaMHU 3a OYIIb-sIKOi TEXHOJIOTIT 3aIMIIAI0THCSI HE3MIHHUMU.

OpHuM i3 OCHOBHHUX 3aBAaHb CiBOM € CTBOPEHHSI ONTHMAJIBHUX YMOB JIsl PO3BUTKY CLIBCHKO-
TOCIOAAPCHKUX KyNIbTyp. Jlo TaKnuX yMOB MOXKHA BiTHECTH PIBHOMIPHICTH PO3MOAiNY HACIHHS, SIK Ha
TUTOII MOJIs, Tak i 3a rauOuHOI0 BKiIagaHHS (ciBOM). CydacHi MOCIBHI MallMHU Ta KOMILJIEKCH, IIO
BHUKOPHUCTOBYIOTECS B YMOBaX YKpaiHM MaroThb MPOXYKTHBHICTH A0 12 ra/roxa. Taki moka3HUKH 3a0e3-
MEYyIOTHCS TOCUTH CKIIQJAHOI0 KOHCTPYKIIEIO MOCIBHUX CEKIiH, O CKIIAAA€THCS 3 CUCTEMH Iapajiesio-
rpaMiB, BaXKeliB, CHCTEM KOMIIOBaHHS OBEPXHi IPYHTY 1 T.JI.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta My rikanii

OCHOBHMMH TEHICHLISIMH PO3BUTKY KOHCTPYKLIH MOCIBHUX MAIIWH €: 30UIbIICHHS IIUPUHH
3axBary, CTBOPEHHSI KOMOIHOBaHMX MalIMH JUig 00pOOITKY I'PYHTY Ta CiBOM, yHiBepcaii3alis MocCiB-
HUX MaIllUH TSI CiBOM 3a PI3HUX TEXHOJIOTiH 00po0iTKy IpyHTY [1—3].
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Jnst 3a0e3meueHHs] KOMIIOBaHHSI MOBEPXHI MOJA CydacHi IPyHTOOOpOOHi Ta MOCIBHI arperaTtu
OCHAIIYIOThCS, TTApaICIIOTPAMHUMH KOTTFOBAIEHUMH MeXaHi3Mamu [4]. HaBaHTaXeHHSI, 1110 BHHUKAIOTh
B PYXOMHX 3’€IHAHHSIX MapajeorpaMHOro MeXaHi3My KOIiIOBaHHS IOBEPXHi IPYHTY, MOKHA BHU3HaYa-
TH PI3BHUMH METOAUKaMu [5]. 3 BUCOKOIO TOYHICTIO, 3 BpaXyBaHHSM BCiX ()aKTOpiB, IIe MOKIMBO BHUKO-
HATU TUIBKU B MTOJLOBUX YMOBAX 3a JOMOMOIOIO CIELiaJIbHOTo 00JaIHaHHSI, 10 JOCHTh IPOMi3KO. Jlis
MOYaTKOBUX MiJIPaxXyHKIB IOCTATHLO BU3HAYNTH HEOOXiHI 3HAUCHHS TEOPETUYHO, & BXKE MOTIM BUKOHA-
TH yTO4YHEHHs. Bimomi poOoTH 1MoB’s13aHi 3 00IPyHTYBaHHSM CKJIaly Ta MapaMeTpiB KOMOIHOBaHUX IPYy-
HTOOOpPOOHMX 3HApsAb Ta MOCIBHUX MamuH [6, 7]. OaHi€0 3 akTyalbHHX 3a7ad CbOTOJICHHS € BHU3HA-
MeTpiB [5, 8].

EnemenTn comnuka ciBanku (puc. 1) y BUNaAKy pyxy Ha MJIOCKIH MOBEPXHi IPYHTY 3IiHCHIO-
I0Th MOCTYNAaJbHUN PyX, OKpIM AMCKa Ta Koieca. BpaxoByioun Bulle cka3aHe, HABAHTAKEHHA y PY-
XOMUX 3’€IHAaHHSX MOXKHA BH3HAYUTH HAa OCHOBI piBHAHB cTaTuku [8]. Bigomi mocmimkeHHs [5], B
SKHX MPOAHai30BaHO POOOTY MapaiesorpaMHOro MexaHizMy 3a yMOB, 10 IIOBEPXHSI MOJIs OJIM3bKa 110
cunycoinu. [Ipu npomy, moBxuHA XBUi Ta 1i amrutityga ckinanaroTs /=0,2 M i A = 0,049 M Bignosin-
Ho. [Ipy 1bOMY, BUHUKAIOTh MEPENIOHH I BU3HAUEHHS CHJI, 10 IiIOTh Ha MapajenorpaM HUK Mexa-
Hi3M,TI0B’s[3aH1 3 aHAJITHYHUM BU3HAUYCHHSAM CHJI 1HEpIil.

DopMyTIOBAHHS METH J0CTIIKEHHS

Meroro po0OOTH € CTBOPEHHS MaTeMaTUYHOI MOJIENi JUHAMIYHOTO HABaHTAXXCHHSI CJICMCHTIB

COLIIHMKA Ha OCHOBI1 aHaJIi3y KIHEMaTHKH B3a€MOJIi OTOPHOT0 Kojleca 3 HEPIBHOCTSMU IPYHTY.
Bukisiax ocHoBHOrO MaTepianay
CrporeHa cxema napajeaorpaMHOro MexaHi3My COIIHWKA HaBeleHa Ha puc. 1.
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Puc. 1. Cxema J0 BU3HAYCHHA KiHEMATUYHHUX XapaKTCPUCTUK €JIEMEHTIB COLIHMKA

Bepxwust ara 1 1 HKHS 2 mapanenorpaMHOro MexaHizMy (puc. 1) mpu noTpanisiHHi OOpHOro
KoJleca Ha MEepelKoAy 3AiHCHIOIOTH MIIOCKO-TIapalelbHuil pyX. Tomy, [UIst HUX MOKHA CKJIACTH MO TPU
IuQepeHianbHi piBHIHHSL
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HudepenuiansHi piBHAHHS A1 BEPXHBOI TSTH:

mi¥; = ZFI}x; (1)
miy1 = k=1 FI}y; (2)
L, = 22:1 MC(FI})' (3)

ne m;— maca Tara AB; [y — 11 ocb0BHI1 MOMEHT iHEpIIil BiTHOCHO EHTPa Mac; X1 — MPOEKIIisl PHC-
KOpEeHHA LieHTpa Mac Taru AB Ha Bich X; y;— MPOEKLis MPUCKOPEHHS LIEHTPa Mac Ha BEPTUKAJIbHY
Bich; Fi, — mpoexkiis onmiei 3 cun (F), IpUKIaAeHuX 10 BEPXHBOI TATH; (g— KYT, AKUil BU3HAYAE
MOYaTKOBE MOJIOKEHHS LIEHTpa Bard BEPXHbOI0 BaXeJsl; (o— MOTOYHE 3HAaYEHHST HOro Kyra odepTaH-
HS I [TOJI0NAaHH1 MEPEIKOAH.

LlinkoM o4eBUAHO, WO B AM(EpeHIiaNbHIX PIBHAHHIX AJS HIKHBOI TATH XapaKTePHUCTUKU
MPUCKOPEHD HE 3MIHATHCA:

my¥y = X Fiy; “)
My¥1 = Xie=1 Fl?yi (5)
Ly = Xk= MC(FI?)' (6)
JudepenuianbHi piBHSHHS, IO OMUCYIOTh MOCTYNAIBHUN PyX CTiMKH (3) MalOTh BUTIIAL;
ms¥z = Xk=1 Fix s (7
M3 = Ty Fiy ®)
Jo Mg (Fi) = 0. ©)

B piBasiaHsx (7—9) BBeaeHI MO3HAYCHHS:
m3— Maca CTilKu; X3, J3— NPUCKOPEHHS LIEHTPa OMOPHOro Kojeca

Judepenuianbhi piBHAHHS, IIO ONHUCYIOTh PYX OIOPHOIO Kojeca CKJIaJeHi Ha OCHOBI
MPUIYIIEHHS, 10 MOBEPXHIO MOJSI MOXHA OMUCATH TAPMOHIMHOIO (DYHKLIEIO 3 TaKUMH BUXITHUMH

JTAHUMH: JTIOB’)KWHA XBWJIi [ = 2a, amrutityna A =h/2 (puc. 2).
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Puc. 2. Caim, o Airf0Th Ha OMOPHE KOJIECO MPH B3aEMOIII 3 MEPENTKOI00

HdudepenuianbHi piBHAHHS PyXy OHOPHOrO KoJeca, BIAMOBIAHO 10 MPUBENEHOI CXEMHU CHII Ha
pHC. 2, sIKi IiFOTh HA OMOpPHE Kojeco (4) MaloTh TAKUNA BUTIIAL;

mu¥s = R — Nsina — Fcosa; (10)
my¥, = Ncosa — P — F sina — Ry; (11)
I4_¢4_ = FT4 _Ne, (12)

Jie My,— Maca OIOPHOTO KoJeca; [, — OCbOBUH MOMEHT iHepuii Koneca; X4, ), — MPOEeKil MpHUCKo-
PEHHS LIEHTpa Kojleca Ha Oci X 1y BiAMOBINHO; ¢, — KyTOBE MPUCKOPEHHs Koineca; F, N — ckiagoBi
peakuii IpyHTY; 74— paliyc OHOPHOro Kojieca; e— Koe(ilieHT TepTs KOYSHHS.

3a yMOBHU BiIOMUX KiHEMAaTHYHHX XapPaKTEPUCTHK OKPEMHX MAac MEXaHi3My KOIiIOBaHH:, Ha-
BaHTAKEHHS B PYXOMHUX 3’ €JHaHHSX CIBAJIKM MOXKHA BU3HAYaTH Ha OCHOBI U epeHiaIbHUX PiBHSIHb



58 Marematiune mozpemoBaHas Ne 1(44) 2021

(1—12). Buxoznsun 3 HaBemeHOI CHCTEMH, NPUHMAEMO, IO CiBaJka PYXaeTbCs IO MOJI0, MPOpiIb
SIKOTO MOYKHA OMHMCATH TaKUM PIBHSIHHSIM:

_h X
y=5(1-cos).

ne h — BHCOTa NEPELIKOIH, M.

3a yMOBH, pyXy CIBaJIKH 31 CTaJIOIO MIBUJKICTIO, IS OYb-KOI TOUKH CTiliKH 3 MaeMo:

x =vt+ x,;
y= %(1 - cos@). (13)

[Ipu mepemimieHHi Kojeca Ha BHCOTY / MapaienorpaMHUil MexaHi3M AepOpMYEThCS 1 JiHisA
AB obepHerbes Ha KyT @ (puc. 2).

B ropuzoHTanbHOMY HaPSAMKY BiJHOCHE TIEPEMILICHHSI MO)KHA BU3HAYNTH 3 PIBHAHHS:

xr = AB sin(@y + @) — AB sin ¢,. (14)
JUyist BEepTUKAIBLHOTO MEPEMIIIIECHHST OTPUMAEMO:
Yr = AB cos ¢y — AB cos(py + @). (15)

[TincraBuBium Bupasu (14) ta (15) B piBHsSHHS TpaekTopii (13), orpuMaemo:
AB cos ¢y — AB cos(gpo + @) =
%(1 — cos E (vt — AB sin(@q + @) + AB sin (po)]). (16)
[IpuBenene Buie piBHAHHSA (16) n03BOISIE
PiBusinus (16) mo3Bomnsie BU3HA4YaTH KyT ¢, MO OOYMOBIIOE 3MiHYy KOH(Irypauii mapanemno-
IpaMHOTO MeXaHi3My, A5l KOHKPETHOTO MOMEHTY 4acy.
[ToxinHa 1Mo yacy BiJ HABEIECHOrO BUPa3y MPUBOAMTH J0 3aJEKHOCTI MK 3MIHHUMU t, @, @):

h n
ABsin(py + @) - ¢ = Esin [E (vt — AB sin(@y + @) + AB sin (po)] X
X Ev — AB cos(@g + @) - q')]. (17)

JIpyra moxizHa Mae BUITIS:
AB cos(@y + @) - 92 + ABsin( @y + @) - ¢ =

h s _ _ n .
= Ecos [E(vt — ABsin(@q + @) +ABsm(p0)] . [Ev — AB cos(@q + @) - (p] X

X Ev — AB cos(@q + @) - q')] + gsin E(vt — ABsin(@y + @) + AB sin(po)] X
X [AB sin(@o — @) - ¢* — AB cos(@o + ¢) - §]. (18)

Kinemarnuni piBastHEA (16, 17, 18) 1al0Th MOXKIUBICTD BU3HAYATH LIS OyIb-IKOTO MOMEHTY
Jacy KyTOBi XapaKTepUCTUKHU (@, ¢, ()) Ha iHTEpBaJi 3MiHU Yacy, 3a SIKMH BiIOYBAE€THCS MOAONAHHS
MEPEeNIKoIu, TOOTO

0<t<2

Bu3HayeHHS IPUCKOPEHHS LIEHTPIB Mac eJIeMEHTIB COLIHMKA CIBAJIKH IPYHTYETHCS Ha PIBHSH-
HAX iX pyXy.

Ji1st BepXHBOI 1 HUYKHBOT TATH:

x1 = vt — (AC; sin(@y + @) — AC; sin@y);
y1 = AC; cos @y — AC; cos(pgy + @),

3BIIKU:
X1 =v—AC, cos(@g + @) - @,
Tomi
%1 = ACy sin(po + @) - 9% — AC, COS_(‘PO + @) §;
. y1=AC; sin(gy + @) - ¢,
Tomi

y1 = ACy cos(@g + @) - §* + AC, sin(@y + @) - §.
Jnst cridikum 3
x5 = vt — (AB sin(@, + @) — AB sin @,);
y3 = AB cos ¢y — AB cos(@y + ¢),
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3BiaKH
X3 =v —ABcos(py+ @) - ¢,
Tomi
X3 = AB sin(pq + @) - * — AB cos(po + @) - @;
‘ y3 = ABsin(@o + @) - ¢,
TOmI

j3 = AB cos(@y + @) - ¢ + AB sin(@g + @) - §.
BBaxkaeMo, 10 OMOpHE KOJIECO COIIHMKA CIBAIKA PYyXa€eThCs IO KPUBOMIHIHHIM NOBEpXHI
IPYyHTY 0€3 MPOKOB3yBaHHS.

vy TaKOMY BUIIAJKY KYTOBC ITPUCKOPCHHA MOXXHA BUBHAYUTHU
_ Ve _ Ux
Wy =—= s
Ty,  COSQTy
A€ a — KYT HaXWj1y BCKTOpa HIBI/IZ[KOCTi LHCHTpa OIMOPHOI'0 KoJeca, SIKAH MOXeE 6yTI/I BHU3HAYEHUH 3a

BITOMHMH MTPOEKITIIMH IIIBHIKOCTI
X=X3 Y=Y3 X=X3y=Js,
v .
y Y
igo ===,
v X

X

Toml
P = wy.

BucHoBkHn

OTtpumani ¢popmynu A BA3HAYCHHS KIHEMAaTHYHHUX XapaKTEPUCTHK OKPEMHUX Mac MEXaHi3My
JMCKOBO-aHKEPHOT 0 COITHHUKA MPH YCKIaTHEHUX YMOBaX HOTro eKCIuTyaTarii.

[IprckopeHHsI OKpEMHUX €IEMEHTIB COIIHMKA JAO03BOJMIN CKIACTH IU(epeHLianbHi PIBHSIHHS
PYXy OKpEeMHUX €JIEMEHTIB MEXaHi3My MOCIBHOTO KOMILJIEKCY MPH KOMIIOBaHHI MapaieorpaMHIM Me-
XaHI3MOM TOBEPXHI MO, 3 AKHX MOXYTh BHU3HAYATHCh TUHAMIYHI HABaHTa)KEHHS 110 BUHUKAIOTH B
CHUCTEMI.

OTpumani pe3ynbTaTé MOXYTh OyTH BUKOPUCTaHUMHM Ha €Talli IpOoeKTyBaHHs a0 MoJepHi3a-
il MEXaHi3MiB KOITiIOBaHHS MOCIBHUX Ta IPYHTOOOPOOHMX MAIIHH.
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MATHEMATICAL MODEL OF THE PROCESS INTERACTION OF A COULTER
OF SOWING COMPLEXWITH ASOIL UNDER COMPLICATED CONDITIONS OF
ITS OPERATION

Naumenko M., Makarenko D., Huridova V., Krutous D.

Abstract

The profile of the field significantly affects the uneven movement of the working bodies of the
tillage and sowing aggregates. To ensure the copy of the surface of the field, modern tillage and sow-
ing aggregates are equipped with parallelogram copying mechanisms. Determining the loads in the
joints of kinematic pairs of the parallelogram copying mechanism during its operation is an important
task for substantiating the rational characteristics of its constituent elements.

Presented the mathematical model of dynamic interaction of the disk-anchor parallelogram
mechanism of the coulter with field relief.

The kinematic equations of motion of individual elements of the coulter are deduced, the pa-
rallelogram mechanism of which allows to copy the irregularities of the terrain relief. It is assumed
that the obstacle to which the support wheel of the coulter falls has a sinusoidal surface.

The solution of kinematic equations allows you to determine at any time the speed and accele-
ration of individual elements of the mechanism, depending on the shape of the obstacle profile on the
surface of the field and the portable speed of the coulter. The found accelerations of separate elements
of an opener allow to make differential equations of movement of separate elements of the mechanism
of a sowing complex at copying by the parallelogram mechanism of a field surface from which dy-
namic loadings arising in system can be defined.

Differential equations of motion of the individual elements of the mechanism are made, the
solution of which allows to determine the forces arising in the joints during the kinematic interaction
of the support wheel of the coulter with the soil. The obtained results can be used at the stage of design
or modernization of mechanisms for copying sowing and tillage machines.
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