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DETERMINATION OF THE MOVEMENT SPEED OF SEED ON THE DISTRIBUTOR OF COULTER FOR THE SUBSOIL-
SPREADING METHOD OF SOWING
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In the article we examine the determination of the distributor optimal shape and the seeds distribution process by combined
distributor in the form of a curved prism. Based on calculations we found out that seeds distribution uniform for bandwidth depends
on the distributor shape that is sown with the openerfor cereals continuous sowing. Formulas for determining the seed speed on the
distributor surface were recorded, depending on changes of structurally technological parameters including generating circle prism
diameter. It was recorded the mathematical model of the coordinates and the seed trajectory and the range flight seed of ideal forms.
Uniformity of seeds distribution for opener widths will be characterized by the seeds flow speed on the distributor sloping plot of
guiding and coordinates falling on the distributor surface. The effect of the distributor sloping plot length on seeds uniformity distribu-
tion was researched, the obtained dependences of the flight distance determining on the seeds distributor sloping plot length and
seeds uprising speed through which the optimal lengths of sloping plot was selected. The paper presents the main results of theoret-
ical studies and recommendations for this type of passive distributors use in opener for subsoil-spreading crops sowing method.

The value of the length of the slope is selected based on the range and uniformity of the distribution of the seed and is 60
mm. The combined distributor can distribute seeds of grain crops at a width of 95-100 mm. When conducting two-factor experiments,
it was established that the best distribution index of seeds has a combined distributor made in the form of a two-way curvilinear
prism. The design of the coulter for subsoil and spreading of seed of grain crops with a combined seed distributor is developed.
During the previous experiments and the search multivariate experiment, the linear regression equations were specified and the
most significant factors influencing the optimization parameter were determined.

Theoretical dependence for determination of constructive parameters of the distributor are received as follows: speed of con-
vergence from the curved generatix from the diameter of the circle diameter of the circle generatix of brachistichrone; distance of the
seed distribution (parametric form) from the constructive parameters of the with surface at an angle (length of the surface at an angle
and angle of its installation to the horizon), usage of which allows to determinate optimal parameters of the determinator and surface

for the supporting of seed sawing on the operating width of the coulter with necessary distance and equability.
Speed of the seed movement from the curved generatix of coulter depends on the diameter of the circle generatix of brachis-

tichrone and coordinate of the seed hitting on the curved surface.
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Introduction

The substantial difference between raw seeders and
seeders for subsoil-spreading method of sowing — is the sun-
flower construction, specifically its distribution unit. Seeder
coulters for subsoil spreading method of sowing are commonly
made as cultivator steel with different operating width (Vasylen-
ko P.M., 1960; Heege H. J. 1993).

Seed distributor is one of the main elements of the coul-
ter, which have an effects on the equitability of technical materi-
al on the field area and increasing of the sowed border area.
Different forms of removers and constructions of the distribute
units of coulters for subsoil spreading method of sowing are
caused by increasing of the equitability of seeds on the field
area.

Explorers (Hevko, 2014; Sysolin, and Sysolina , 2014)
proved advantages of distributors with curved generator when
seeds slowly change direction of their movement with minimal
wastes of the motional energy on the working area and where
they are compiled to the under coulter space and is sowed on
the furrow sole.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHisepcurety

To search top performance of the movement speed in
the point of convergence, the curve shall fulfil conditions of the
most quick movement of elements during certain interval.

Exploration by A.A. Kirov is devoted to the theoretical
and experimental researches of seed movement on the curved
generator. He examines brachistichrone as combination of a
straight section and a circle of a constant radius r, and explores
seed movement on the curve generator as movement of seeds
on such a circle.

Materials and methods

Taking into account that process of seed distributor dur-
ing subsoil spreading method of sowing is selective, as it's
determined by the large number of factors that cannot be in-
cluded, so this process must be dealt with according to the laws
of probability (Romanyshyn, and Zayets, 2006; Hevko, and
Pavelchuk, 2016, Lisovyi, et. at., 2016). In this regard different
types of technological schemes of the coulter distributor units
are proposed for further study.

Results of the research and discussion

Received formula od the speed of convergence (1) on
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the on the curve area of generator V with forecast accuracy can
be used for calculation of trajectory and speed of seed move-
ment after convergence from the on the on the curve area of
distributor (Romanyshyn, 2006; Zayets, 2006):
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Vo - speed of seed movement to the curve area of
generator, m/s;

Yo- angle between vertical axis and basic direction of
speed Vo;

g - acceleration of gravity, m/s.

But in fact radius of brachistichrone curvature changes
accordant to the determined theorem. Difference between actu-
al radius of brachistichrone and radius of the circle causes
difference between speed of movement from the curve gener-
atix and estimated generatix. As speed of seed movement after
convergence from the curved area of distributor determinates
reserve of kinetic energy, which can lead to range of seed dis-
tribution in undercoulter area, so in its consideration of this
matter such an exploration is very important and necessary

7]

stage of theoretical study (Zayets, 2014).

Let's explore movement of single seed on the brachisti-
chrone which is the distributor generatix (pic.1).

Part of seeds material reaches the curved surface with
basic speed Vo. Weight, friction, centrifugal force and normal
pressure make an influence on the seeds during movement on
the curve surface.

Cheming forces for normal line and tangent line, we will
write a system of differential equations (Vasylenko, 1960):

dv .
m-—=m-g-siny—f-N
at g Y

V2
N=m.-——=+m-g-cosy
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where: m-mass of seeds, kg;
V - speed of seeds, m/s;

N — normal pressure, H;

y —angle of arrival, radian;
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Picture 1 — Scheme of forces acting on the material point during movement on the brachistichrone

t- time of movement, s;

p(@)- radius of the brachistichrone curvature, depending on the rotation angle of the circle generatrix (¢)

Known, that brachistichrone is created by circle, going
straight without sliding. So for every point radius of the brachis-
tichrone curve is equal to the circle bisecant AC (pic. 2.).With
that one end of the bisecant chord belongs to a straight line
along which the circle rolls.

We'll connect points A and C with the circle center O. So
an isosceles triangle AOC is as follows:

<1OCA:% ; (3)

where, @ — is rotation angle of circle after movement
during time t.

The right-angled triangle OBC determines the following:

14

BC=0C-cos2 =9 .cos? ; 4)
2 2 2

where d- is a diameter of the circle generatrix, m

So, radius of brachistichrone curvature AC is as follows:
plp)=d- COS% : (5)
We'll move AC parallel to itself up to crossing with bra-

chistichrone (A'C) and draw a horizon line A'C and tangent 1
through the corossing point A:
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We'll take into account that some circle turners on the

angle ¢ during time t; A =
de de 9 . B
dt =—2 p(p)=—-d -cos = ;
2 plp) = - -cos R
o
We'll enter values (4), (5) and (6) in system of equations . ¥
(2), and then receive: 5
A
A e v2_g.docos?_g.q.5N2 7
Vd¢+fv gdcoszgd > ()
Picture 2 — Scheme for determination of radius of the brachisti-
chrone curvature
Received differential equation is the Bernoulli's equa-
tion.
General solution of the equation:
cos? £ . _
V2:g-d- 2+2~f~sm¢7cos¢_2-f-sm¢)7cos¢ ce 2o .o (8)
f 2.1 (4 £241) 4.12 41
where C- constant integration
Constant integration shall be determinated accordant to | trix of distributor;
the basic conditions: of generatrix of brachistichrone circle that
matches with point of hitting of seeds on the curvature genera- P=¢,—¢, V=V,
COS2 ﬂ . .
coe2fa |y2, g-d 2 +2-f-Sln(017COS(p1_2-f~SIngolchS(p1 : 9)
f 2.1-4-12+1) 4.§241

Taking into account that @o=1r, we can note the
following:

© =7 —@; (10)

Substitute the value of arbitrary constant C (mathemati-

cal expression 9) and value of angle ¢ (mathematical
expression 10) in equation (8), we'll receive formula for determi-
nation of speed convergence of seeds from the on the on the
curve generatix of distributor:
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During installation of the distributor at an angle to the horizon, (mathematical expression 11) will be as follows:

cos2 F A 5 £ i bt s
Ve = [g-COSexr-d - 2 : ~Sln(01+2COS(p1_ . 'S|n¢21+COS(pl .
f 2.f {412 +1) 4.2 41
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f 2-1-l4-1241) 41241
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Angle @1is determinated as follows:
o= arccos[l— %) ; (13)

where a - is a distance from the axis of distributor to the
point of seed hitting, m (pic.3).

To analyse relation between speed of convergence and
friction coefficient to a small extent within change f change of
speed is 5,5... 5,9 %) and affect the speed of convergence.

The main factor which impact on speed of the conver-
gence movement is diameter of the brachistichrone circle gen-
eratix. Optimal diameter of circle and, accordingly of geometrical
dimensions of the distributor is determinated in case of sufficient
speed of convergence on the on the curve area of distributor
generatix.

To analyse depending of speed of movement from the
coordinates of seed hitting on the curve surface we'll use de-
pending (13) data a = 0...0,02 and do math in accordance (12).

On the basis of calculation, we'll create graphic depend-
ence of the speed movement from the coordinate of the seed
convergence on the curve surface of the distributor V(a) (Pic.
5.).

Seeds hitting on the distributor in extreme point (E) of
the projection bearing of seed (pic.3) have the top speed as
these seeds will traverse less distance on the curve surface and
wastes of kinetic energy of the force of friction will be less ac-
cordingly. In this case angle ¢1is determinated as following:

o = arcco{l—%—”} ; (14)

where dy— is inner diameter of the guide pin, m:

So, received correspondence data (12,13,14) allows to determi-
nate speed of seed movement from the curved generatix in
accordance with structural parameters (diameter of the generat-
ing circle, diameter of the crossing of reference guide or drill
seed tube) of the distributor and coordinates of the seed hitting
on the curved surface of distributor. To increase distance of the
seed distribution on the line width, sowed by the coulter, the
distributor with surface at an angle, which is its base, shall be
used.

Picture 3 - Sheme of seed supply on the distrubutor
1 - Reference guider, 2 — Distributor
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Picture 4 - Theoretical dependence of the speed of seed
convergence from the coefficient of friction
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Picture 5 - Theoretical dependence of the speed of seed from the coefficient of seed hitting
on the curved surface of the distributor

Conclusion. Theoretical studies of the process of seed
distribution by the combined distributor allows to draw the fol-
lowing conclusions:

1. Distributor is one of methods of increasing the dis-
tance of the seed distribution on the width of sawing. Distributor

16

is a combination of distributor with curved generatix as a bra-
chistichrone, and curved surface generate circle which and is
the basic of distributor.

2. Theoretical dependence for determination of con-
structive parameters of the distributor are received as follows:
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speed of convergence from the curved generatix from the diam-
eter of the circle diameter of the circle generatix of brachisti-
chrone; distance of the seed distribution (parametric form) from
the constructive parameters of the with surface at an angle
(length of the surface at an angle and angle of its installation to

seed sawing on the operating width of the coulter with neces-
sary distance and equability.

3. Speed of the seed movement from the curved gen-
eratix of coulter depends on the diameter of the circle generatix
of brachistichrone and coordinate of the seed hitting on the

the horizon), usage of which allows to determinate optimal | curved surface.

parameters of the determinator and surface for the supporting of
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3aeyb M. J1., dKumomupcbkull HauioHansHull agpoexosnoaidHull yHisepcumem (Ykpaina)

AnmoHos 0. [1., Xumomupcskull HaujoHanbHUll agpoekonoaidHull yHigepcumem (Ykpaina)

O62pyHmyeaHHs weudkocmi pyxy HaciHHs no po3nodiNbHUKY COWHUKa 0715 nid2pyHMoe8o-po3kudHO20 cnocoby
cigbu

Y cmammi posensi0aembcs 8usHayeHHs onmumMasbsHoi oopmu po3nodinbHuka ma npoyec po3nodiny HaciHHs KombiHoO8aHUM
po3n0dinbHUKOM y 8u2nadi KpusoniHiliHoT npusmu. Ha nidcmasi po3paxyHKie 8CmaH0o8IeHo, W0 pisHOMIPHICMb po3nodifly HaCiHHS
3anexums 8i0 ¢hopmu po3nodinbHuka, Oiamempa meipHo20 Kona Kpugoi, KOopOUHamMU NOMPansISHHA HaCiHUHU Ha NOBEPXHIO PO3-
nodiny, i sk pe3ynsmamy weudkocmi ii pyxy. @opmynu Ons 8UHaYEHHs WeUOKOCMI HaCiHHS Ha nosepxHi po3nodinbHuka 6ynu
3anucai 3anexHo 8i0 3MiHU KOHCMPYKMUBHO- MEXHOM02I4HUX hapaMempis, 8KYaodU 3MiHHUL diamemp meIpHOI npu3MU Kona.
byna 3anuca+a mamemamuyHa Modesib KoopduHam i mpaekmopii pyxXy HaciHHe8020 Mamepiany ma 0anbHocmi NoMbomy HaCiHUHU.
PisHomipHicmb po3nodiny HaciHHs No WupuHi 3axeamy byde xapakmepusysamucs WeudKiCMI NOMOKY HaCiHHs Ha noxustiti QinsHYj
po3nodinbHUKa ma KoopOuHam nompannisHHA Ha NOBEPXHI po3noldinbHuka. [ocnioxeHo ennug 008KUHU noXumoi OQinsHKU
p03n0dinsHUKa Ha PieHOMIPHICMb Po3n0diny HaCiHHSA, oMpUMaHi 3anexHocmi, Wo 8usHayaoms gidcmaHb NOMbOMY 8 3anexHocmi
8i0 doexuHu noxunoi dinsiHku posnodinbHuka ma weudkicmb cxoly HaciHHS, 3@ AoNOMO20K0 AKOI 0buparmbCsi onmuMasbHi A08XUu-
HU noxunoi dinsHku. MpedcmasneHi ocHO8HI pe3ynbmamu meopemuyHux 0ocnidxeHb ma pekomeHdauii wodo euUKOpUCMAaHHS
Yb020 muny hacugHuUX po3nodinbHuUKi@ CoOWHUKie 0115 nidepyHMOB0-PO3KUOHO20 chocoby cigbu.

3HaueHHs1 dosxuHU cxuy subupaembcs 8uxodsqu 3 diana3oHy ma pieHOMIPHOCMI Po3nodiny HaciHHS | cmaHosumb 60 MMm.
Komb6itosaHuti po3nodinbHuUK mMoxe po3nodinsimu HaciHHS 3epHOBUX Kynbmyp wupuHoto 95-100 mm. Mpu nposedeHHi 08oghakmop-
HUX ekcnepumeHmig 6yno 8cmaHoeneHo, Wo Halikpawuli nokasHuk po3nodiny HaciHHs Mae KoMbiHosaHUl po3nodinbHUK, UKOHa-
HUl y euensdi 080CMOPOHHBLOI KpUBOMIHIGHOI npusMu. Po3pobrieHO KOHCMPYKUi0 COWHUKa 07 HacCiHHSI 3€PHOBUX Kynbmyp i3
KombiHosaHUM HaciHHegUM po3nodinbHUKOM. [1i0 4ac nonepedHix ekchepumeHmig ma bazamogapiaHmHO20 NOWYKY eKcnepumeHmy
6yn0 8U3HAYeHO pisHSIHHA TiHIUHOI peapecii ma euaHaveHi Halibinbw 3Hayywi hakmopu, Wo eniuearmb Ha hapamemp on-
BicHuk CymcbKoro HauioHanbHOro arpapHoro yHisepcurety
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mumizayji.

TeopemuyHy 3anexHicme Ons 8U3HAYEHHs KOHCMPYKMUBHUX hapamempie po3nolifbHuka 00epXylomb makum YUHOM:
weudkicmb KoHeep2eHUii 3 KoMbiHo8aH020 po3nodinbHUKa 3anexums eid diamempa meipHo20 Kona 6paxucmoxpoHu, ma A08KUHU
noxunoi insiHku; 8idcmaHb Po3nodiny HaciHHA (napamempuydHa ghopma) 8i0 KOHCMPYKMUBHUX napamempie NO8epXHi CmaHos e-
HOI nid Kymom 90 20pU30HMY, BUKOPUCMaHHS SKOI 00380/ISIE 8U3HAYUMU onmuMaribHi napamempu po3nodinbHuka.  LLsudkicms
PYXy HaciHHsS no po3nodinbHUKY COWHUKa 3anexumb eid diamempa meipHo20 Kona bpaxucmoxpoau i KoopAuHamu nompansisHHA
HaCiHHS Ha KpUBOMIHIlIHY NOBEPXHIO.

Knrouoei cnoea: weudkicms, cigba, po3nodinbHUK, MeipHa, PieHOMIPHICMb.

[lata HagxomkeHHst: 25.12.2019
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