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MATHEMATICAL MODEL OF THE INTERACTION OF THE PARALLELOGRAMIC
MECHANISM OF A GROUND-SHAPED PUNCH WITH THE FIELD RELIEF

MATEMATHUYHA MOJIEJIb B3AEMO/III TAPAJIEJIOTPAMHOI'O MEXAHI3MY
[PYHTOOBPOBHOTI'O 3HAPS /IS 3 PEJILED®OM MOJIS

The mathematical model of dynamic interaction of the parallelogram mechanism of the tillage
tool with the relief of the field is presented. It is assumed that the obstacle on which the support wheel
of the mechanism falls, has a sinusoidal profile. The solution of kinematic levels of equations allows to
determine at any time the velocity and acceleration of individual elements of the mechanism depend-
ing on the shape of the field profile and the relative velocity of the mechanism.

Keywords: tillage equipment, kinematic equations, parallelogram mechanism, dynamic
interaction.

Ipu supowyysanti CinbCbKO20CHOOAPCHKUX KYAbMYP 6 HAUL 4AC 3ACTOCO8YEMbC MIHIMANbHA
mexHon02is supowyeanus. Brasana mexnonozis mae, ax céoi nepegazu, max i Heooniku. OOHax 6ona
nepedbauae GUKOHAHHSA MEXHOAO2IUHOL onepayiil ni02omosKku [pynmy ma ciedou. Inwi mexnonozii eu-
POOHUYMEBA 3epHA PI3HAMbCA TUe ONepayisimu Wooo OCHOBHO20 Ma NepPeonocigHo2o 00poOImKY Ipy-
HmMYy ma cigou.

OO0HUM i3 OCHOBHUX 3A60AHL CIBOU € CIBOPEHHSI ONMUMANLHUX YMO8 OISl PO3BUMKY CLlbCbKO-
20Cn00apcokux Kyaomyp. JJo makux ymo8 MOMCHA iOHeCcmu PIGHOMIPHICMb PO3NOOINY HACIHHA 34
enubunoio cigbu. CyyacHi nocieHi MawuHy ma KOMIIEKCU, WO BUKOPUCOBYIOMbCA 8 YMo8ax VYKpainu
Maromeb npodykmusHicms 00 12 2a/200. Taxi nokasnuku 3a0e3neuyromvcs 00CUMb CKIAOHOW KOHC-
MPYKYIEI0 NOCIBHUX CeKYIll, WO CKAIAOAEMBCI 3 CUCMEMU RAPANEI0SPAMIG, MA THUUX MEXAHIZMIE.

s 3abe3neuents KORIIOBAHHS NOBEPXHI NOJISL CYHACHI TPYHMOOOPOOHI ma nocieHi azpezamu
OCHAWYIOMbCSl, NAPANENOSPAMHUMYU KONTIOBANbHUMU Mexanizmamu. Koniloeanus nogepxui nons napa-
JIeNIOZPAMHUM MEXAHIZMOM MOJICHA GUIHAYAMU PISHUMU MEMOOUKAMY 3 8PAXYBAHHAM 6CIX (axmopis,
O00HAK 6 NONLOBUX YMOBAX 3a OONOMO2010 CheyianbHo2o obnaonanua. CyyacHi nocieni mawunu ma
KOMRAEKCU, WO BUKOPUCMOBYIOMbCS 8 YMO8AX YKpainu maroms npodykmusHicms 00 12 2a/200. OoHi-
€10 3 AKMYANbHUX 3A0aY CbO200EHHSI € MOOCNIOBAHHSL PEACUMIB POOOMU OKPEMUX el1eMEHMIE MeXaHi3-
Mi8 KoniloganHs, wjo cnpusc onmumizayii ix napamempis. OCHOGHUM 0HCEPETOM KOIUBAHb NAPANEN02-
PAMMHO20 MEXAHI3MY CIBAKU aD0 KYIbmMueamopa € HepieHOCHI ONOPHOL NOBEPXHI — CilbCbKO2OCHO-
0apcvko2o POy, Wo Maiomsb GUNAOKOSULL XapaKmep, ma ONUCYEMbCS 3AKOHOM HOPMATLHO20 PO3NO0i-
ny. Mikponpogine géasxcacmvcs cmayionapHum GUNAOKOBUM APOYECOM MA OCHOGHUMU 11020 XapaKme-
PUCTIUKAMU €. KOPenayiliHa QYHKYIA, CNeKMpatbHa WiNbHICIb A MAKCUMATIbHA BUCOMA HEPIGHOC-
metl. Kopenayiina ¢ynxyis xapaxmepuzye cmpykmypy 6unaokosoi ¢yuxyii HepisHocmi i 05 Hei Hall-
yacmiwe 8UOUPAEMbCA ANPOKCUMYIOUULL BUPA3 BI00MO20 6UdY. Huci06i 3HaueHHs MOOen08anHs 3ae-
Jrcamsv Gi0 Muny nojs ma WeUOKoCmi pyxy azpezamy, momy 0as 008iIbHOI WEUOKOCHE GUSHAYAIOMbCS
3a ix 3HaAUeHHAMU, OMPUMaHumMu 01s weuokocmi 1 m/c, sukopucmogyiouu HacmynHi cniGgiOHOUIEHHSL.
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Posznodin opounam mikponpo@into noasi 6i0N0GIOHO 00 HOPMAILHOZO 3AKOHY NIONOPAOKO8YEMbCs
supasy Q... =30 . Mooenosants nokasye, wo 3 poCmom 4acy MOOen8anHs 36'a30K pisko naoae. 3a

Pe3VIbMaAmamu MOOent08anHs, yac xopenayii smintoemocs 6i0 0,5 0o 1,24 | wo ceiduums npo nesenu-
Kuil Kopensayiunuil 36’130k npoghinto. Konusanns opounam y npo@insix noist eiocymHi. 32i0Ho 3 excne-
PUMEHMATbHUMU OAHUMU, 3HAYEHHS! OJist npo@inio nos 3naxoosmucsi ¢ medicax 0,026...0,12 m.
Ompumani pe3yromamu MOXCyms OYmu 6UKOPUCTIAHUMY HA emani npoexmy8anHs abo mooe-
JIHOBAHHS MEXAHIZMIG KONIHOBAHHS NOCIGHUX MA [PYHMOOOPOOHUX MAUIUH.
Knrwouosi cnosa: tpynmoobpobna mexmixa, KiHeMamuuti PIGHAHHS, NAPALelocPAMHULL MexXa-
HI3M, OUHAMIYHA 63AEMOOIA.

Problem’s Formulation

Agricultural machinery, especially tillage and sowing, is becoming increasingly complex. This
is due to the advent of modern technologies for tillage and sowing. In this plan, the operations of pre-
paring the soil for sowing and sowing crops are combined. Such technologies include minimum and
zero (No-till) tillage. These technologies have both advantages and disadvantages, while the first in-
volves the formation of a seed bed and then sowing, and the second only sowing into uncultivated soil.

The main task for sowing is to create optimal conditions for the development of cultivated
plants. These requirements include the uniform distribution of seeds over the depth of placement,
which is created by the formation of the seed bed. Modern sowing complexes, which are used on the
territory of Ukraine, have a capacity of 12 hectares hour. Such indicators are provided by a complex
design of both tillage working bodies and sowing. However, regardless of the design, in soil-
cultivating and sowing complexes, parallelogram mechanisms are used to copy the field profile.

Analysis of recent research and publications

The main trends in the development of designs of agricultural machines, in particular tillage
and sowing, are the creation of combined machines. The creation of combined machines makes it
possible to combine the technologies of tillage and sowing [1, 3, 5].

To ensure copying of the field surface, modern tillage and sowing units are equipped with pa-
rallelogram copying mechanisms [4]. The loads that occur in the movable joints of the parallelogram
mechanism of copying the soil surface can be determined by various methods [5]. With high accuracy,
taking into account all factors, it is possible to perform only in the field with the help of special
equipment, which is quite cumbersome. For initial calculations enough to determine the required val-
ues theoretically and only then perform clarifications. Known works are related to the substantiation of
the composition and parameters of combined tillage implements and sowing machines. One of the ur-
gent tasks of today is to determine the modes of operation of individual elements of copying mechan-
isms, which helps to optimize their parameters [5].

The elements of the seed drill opener (Fig. 1) in the case of movement on a flat soil surface
make translational movement, except for the disk and wheel. Given the above, the load in the moving
joints can be determined based on the equations of statics. There are studies [5], which analyzed the
operation of the parallelogram mechanism under conditions that the field surface is close to a sinusoid.
The wavelength and its amplitude are 1 =0,2 m and A = 0.049 m, respectively. At the same time,

there are obstacles to determining the forces acting on the parallelogram mechanism associated with
the analytical determination of the forces of inertia.
Formulation of the study purpose

The aim of the work is to create a mathematical model of the load of the elements of the paral-
lelogram mechanism based on the analysis of the kinematics of the interaction of the support roller
with the soil profile.

Presenting main material

A simplified diagram of the section of the parallelogram mechanism of the tillage working

body, which is part of the combined unit is shown in Fig. 1.
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Fig. 1. Scheme for determining the kinematic characteristics of the parallelogram mechanism:
1— top link; 2 — lower link; 3 — rack; 4 — ice rink

The upper rod 1 and the lower 2 of the parallelogram mechanism (Fig. 1) when the support
wheel hits the obstacle make a plane-parallel movement. Therefore, for them it is possible to make on
three differential equations.

Differential equations for upper thrust

m, X, :ZF& ;

n
.. 1
my, = 2 :Fkx ;
k=1

n
.. 1
m,o, :ZMc (Fkx),
k=1
where m, — is the thrust mass AB; |, is its axial moment of inertia about the centre of mass; X, —
projection of acceleration of the centre of mass of thrust AB on the x-axis; Y, — projection of accelera-

tion of the centre of mass on the vertical axis; FklX — projection of one of the forces (Fklx) applied to

the upper thrust; ¢, — is the angle that determines the initial position of the canter of gravity of the
upper lever; ¢ — is the current value of its angle of rotation when overcoming an obstacle.

It is obvious that in the differential equations for the lower link of the parallelogram mechan-
ism the dynamic characteristics will not change:

m,¥, = 2 Fki ;
m,y, = z Fki ;
k=1

Iz(bl:kzn:Mc(sz)-
-1

Differential equalizations that describe forward motion of bar (3) look like:
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In the brought equalizations (1—3) over the entered denotations: m, — is mass of bar;

Xy, Yy, —itis an acceleration of centre of supporting roller.

Differential equations describing the motion of the support roller are based on the assumption
that the vertical profile of the field surface can be described by a harmonic function with the following
initial data: wavelength | = 2a, amplitude A = h/ 2 (Fig. 2).

- ===

Fig. 2. Chart of forces that operate on supporting rink at co-operating with the profile of the
field

Differential equalizations of motion of supporting wheel, in accordance with the brought chart
over of forces on fig. 2, that operate on a supporting wheel (4) have such kind:

m,X, =R} —Fcosa —Nsina; 4)
m,y, =Ncosa—R; —-Fsina—P; (5)
l,0, = Fr,—Ne, (6)

where m, — is the mass of the support wheel; 1, — axial moment of inertia of the wheel; X,, y, —

projections of the acceleration of the centre of the wheel on the x and y axes, respectively; ¢, —
angular acceleration of the wheel; F, N — components of soil reactions; r, — radius of the support

wheel; & — coefficient of crushing of the soil under the weight of the roller.

When compiling equations (1—®6), it was taken into account that when the roller interacts with
the soil, not only friction is observed, but also crushing of the soil under the weight of the roller and
the parallelogram mechanism.

The profile of the field is determined by the micro profile of the surface. Thus, the main
source of oscillations of the considered mechanism is the unevenness of the supporting surface — the
agricultural background, which has a random character and is described by the law of normal distribu-
tion
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where u — the average value of the irregularities of the field profile; 0 — mean square deviation;

o® — dispersion.
The microprofile is considered a stationary random process, and its main characteristics are:
correlation function, spectral density, and the maximum height of irregularities [2]. The correlation

function R, (T) X characterizes the structure of the random function of the inequality, and an approx-
imating expression of the form is most often chosen for it

R, (r)=¢“" cos g,
where o and 8 — coefficients characterizing the damping and periodicity of the function.

Fig. 3. Correlation functions of irregularities of the average statistical background of the field
profile

Numerical values « and S depend on the type of field and the speed of movement of the
unit, therefore, for an arbitrary speed v=1 m/s, they are determined by their values obtained for the
speed m/s, using the following relations a,; =,V ; B, = B,V -

The distribution of the ordinates of the micro profile of the field in accordance with the normal
law obeys the expression g, ~ 30 .

Graphs of the correlation functions of the unevenness of the agricultural background are pre-
sented in Figure 3. The graphs drop sharply. As can be seen from the graphs, the correlation time
changes from from 0.5¢ to 1.24¢ , which indicates a small correlation of the profile. Oscillations of
the ordinate in the field profiles are absent. According to experimental data, the values for the field
profile are within 0.026...0.12 m.

Conclusions
The obtained formulas for determining the kinematic characteristics of the parallelogram me-
chanism under the conditions of its operation in the field of normal distribution law.
The differential equation of motion of individual elements of the mechanism for copying the
surface of the field profile by the parallelogram mechanism is derived
The obtained results can be used at the stage of designing or modeling the mechanisms of copy-
ing sowing and tillage machines.
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