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Abstract: In the article the results of analysis of work
process of seeding furrows embedding and compaction
of soil by the conical roller which is set at the angles a to
direction of furrow, and also analytical expressions for
definition of resistance force of the roller by moving and
lateral force which provides a self-cleaning of soil, which
sticks to its surface, are given.
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INTRODUCTION

One of the important factors that affect field seed
germination and simultaneous emergence of seedlings
is a reliable contact with the soil. That end, in soil is
formed at the same depth a seeding furrow with
compactions bottom to which seeds are sown and
immediately embedded by ground. However, it is
greatly loosened that does not provide a reliable seed
contact with the soil. The use of rollers for packing of
crops gives positive results, but in moist soils they are
sticking greatly. Herewith the special devices installed
to clean the roller surface are ineffective.

Therefore there is a need to develop highly efficient
technical means for seed embedding and to improve
seeding methods, which would provide herewith a high
field seed germination and simultaneous emergence of
seedlings.

Analysis of the literature dedicated to development of
highly efficient means for seed embedding and for
improve seeding methods, for enhance the field seed
germination and simultaneous emergence of seedlings
shows that they are sufficiently studied [1,2,3,4,5,6,8].
Based on research by the authors developed and
proposed to agricultural production an appropriate
recommendation, in particular, to provide the required
density of stems is proposed to increase the seeding
rate by factor of 1.5 ... 2, and to prevent the breakage of
the root system after seeding — use the packing of
crops.

However, the analysis of work process of seeding
furrows embedding by the conical roller and elements of
the theory of their self-cleaning of soil, which sticks, in the
literature are not given.

MATERIAL AND METHOD

One of the reserves of increase of spiked cereals yield
is to create optimal conditions for seed germination and
for subsequent plant growth and development and
therefore the formation of crop. However, this
environment, for many reasons, is not possible to create
always. Particularly acute this problem appears after a
harvesting of late crops, when it is necessary to conduct
the seeding, and the soil after plowing is not yet settled
and it cannot sow the seed in fresh tilled soil because of
breakage of the root system. So after plowing must be
hold the necessary time of full soil self-compaction, which
runs for 3 ... 5 weeks and this leads to delaying seeding.
To solve this problem, we have developed a new way of
seeding of spiked cereals seed in fresh tilled soil with
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Pe3rome: HasedeHo pesynbmamu aHanisy pobo4yoz2o
npouyecy 3acunaHHs rnocieHUX 6OPO3EHOK i yWinbHEHHS
rPyHMY KOHIYHUM KOMKOM, yCmaHOo8NeHUM rid Kymom o
0o HanpsiMKy 60pPO3eHKU, a MmaKoX aHanimuyHi eupa3su
Onis1 8U3HaYeHHSI CUMU Oropy Komka fpu nepemilyeHHi
ma 6iyHOi' cunu, sika 3abesrnedyye camMOOYULLEHHST 8i0
rpyHmy, wo npusunae 0o U020 Mo8epxHi.

Knroyoei cnoea: KoHiYHUlU KOMOK, 60po3eHkKa, 3cys,
rPyHM, YWiNbHEeHHS, cua, mepmsi, CaMOOYUUWEHHS.

NEPEOYMOBA

OgHum 3 BaXMBKX (haKTopiB, LLO BNMBAE Ha NOMbOBY
CXOXICTb HaCiHHS i NOSIBY APYXXHIX CXOAiB, € HaAIiHWIA NOro
KOHTaKT 3 rpyHTOM. 3 Li€l0 METOI0 B I'PYHTI hopmytoTb Ha
OOHaKoBIM rMMOWHI NOCIBHY OOPO3HY 3 YLLINbHEHUM AHOM,
Ha sike BWCIBalOTb HaCiHHS | Bigpasy X WMOro saropTalTb
rpyHToM. OfHaK BiH € CUINbHO PO3MYLLEHUM, LLO HE 3abe3nevye
Ha[IiHOroO KOHTaKTYy HaCiHHSA 3 IPyHTOM. 3aCTOCyBaHHsi KOTKIB
ONns MPUKOYYBaHHS MOCIBIB A€ MO3WTUBHWIM pesynbTar,
OOHaK Ha 3BOMOXEHWX IPYHTax BOHU CUMNbHO 3anvnaroTb.
Mpn upOMy crneuianbHi NPUCTPOI, L0 BCTAHOBMIOTLCA ANS
OYMLLIEHHS MOBEPXHI KOTKA, MarnoedeKTUBHI.

A TOMy BUHWKaE HEODXIOHICTb B pO3p0bLyi BUCOKOEEKTUBHIX
TEXHIYHMX 3acobiB Ons 3aropTaHHs HaciHHA Ta B
yAOCKOHaneHHi cnocobiB ciBbu, ski 3abesneynnu 6 npu
LUbOMY BMCOKY MONIbOBY CXOXICTb HACiHHA Ta MnosiBy
OPY>KHiX cxoaiB.

AHani3 nitepaTypHUX [MKeper, MPUypOYEHUX MUTaHHAM
pO3pobKN  BMCOKOEhEKTUBHMX TEXHIYHMX 3acobiB  ansi
3aropTaHHsl HaCiHHS Ta YOOCKOHANEHHK CrnocobiB ciBow,
NiABULLEHHIO MOMbOBOI CXOXOCTi HACIHHSI Ta NOSIBU OPYXKHIX
CXO[iB MOKasye, LWO BOHM € [OCTaTHbO BUBYEHI
[1,2,3,4,5,6,8]. Ha ocHoBi pesynbTaTiB AocrimpkeHb aBTopamm
po3pobrieHi i 3anpOroHOBaHI CiNMbCHKOMOCTIONAPCHKOMY BUPODHULITBY
BianoBigHI pekomeHaaLji, 3okpema 3 MeTol 3abe3neyeHHs
HeoOXidHOI ryCTOTM CTEGNOCTO MPOMOHYETLCS  30iMbLUyBaTH
HopMy BuciBy B 1,5...2 pasu, a wob He gonycTuTn o6puBy
KOpEeHeBOi cuctemnm nicna  ciBbu - 3acTocoByBaTu
NpVKOYyBaHHS NOCIBIB.

OpHak aHania poboyoro npouecy 3aropTaHHs
NnociBHMX ©OOPO3EH KOHIYHMMM  KOTKaMK, a TakoX
enemMeHTn Teopii X CaMOOYULLEHHS Big HanNUNNoro
TPYHTY, B NniTepaTypHUX Axepenax He HaBoaAMTbCS.

MATEPIAIN | METOOUKA

OpnHm 3 pe3epBiB MiOBMLLEHHS BPOXAIHOCTI 3ePHOBYIX KOMOCOBMX
KyNbTyp € CTBOPEHHS OMTUMarnbHUX YMOB Arisi NMPOPOCTaHHS
HaCiHHA Ta HacTyMHOro POCTY | PO3BUTKY POCIWH i, BiAMOBIAHO,
cdopmyBaHHsi Bpoxato. OfHak Taki yMoBW, B cuny Garatbox
MpWYMH, He 3aBXau BOaeTbCs cTBopuTW. Ocobnea rocTpo Ls
npobnemmn NposiBNATLCA Nicnst 30MpaHHS Ni3HIX KynbTyp, Konu
HeobxiaHO NpoBOAMTY CiBOY, a I'PYHT MiCrs OpaHKY LLe He OCIB i
BUCIBaTW HaCiHHSA Y CBDKO30PaHUN I'PYHT HE MOXHA, OCKINbK/
BigOyBaeTbCA 0OpMB KOPEHEBOI cucTtemMu. ToMy Micrist opaHkv
0BOB'A3KOBO  BUTPUMYHOTb HEODXiOHWIA Yac Ansi MOBHOTO
CaMOOC|AaHHS! TPYHTY, KU NMPOXOAUTL NPOTAIoM 3...5 TWKHIB,
a ue npu3BOAUTL [0 3aTaryBaHHs CTpOKB ciBOW. [Ons
BUPILLEHHST L€l NpobnemMn HamMn po3pobrneHo HOBWI Crocio
BUWCIBY HACiHHSI 3ePHOBUX KOMOCOBUX KyrbTyp Y CBXXO30paHuWiA
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stabilization of water-air regime inthe topsoil during
phase flowing-trough period from seed germination to the
tilage and suggest tillage and sowing section with
packing of crops [7]. Structural and technological scheme
of this section is shown in Fig. 1.
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IPYHT 3i cTabinisaLyeto BOOHO-MOBITPSHOMO PEXVMY B KOPEHEBOMY
LWapi Ha nepiog NpoTikaHHA hasy Big NPOPOCTaHHA HaciHHA OO
HacTaHHA KyLLiHHA, Ta 3anporioHOBaHO PyHTOOBPOGHO-
MOCIBHY CEKLjl0 3 NPUKOYYBaHHAM MOCIBIB [7]. KOHCTpYKTMBHO-
TEXHOMOM4YHa Cxema AaHol Cekuil HaBeaeHa Ha puc.1.

Y A SR A S S —

Fig. 1 - Structural and technological scheme of tillage and sowing section for seeding seeds in fresh tilled soil with packing of crops
1 —ribbed roller ; 2 — frame ; 3 — strip ; 4 — drawbar; 5 — push rod; 6 — spring ; 7 — fertilizer funnel; 8 — conical roller

Its main working body is annular soil compactor
furrow-making device. It consists of a rectangular frame
2, in which there are three ribbed rollers 1. Frame 3 is
connected to the strip 3, which by means of radial
drawbar 4 and push rod 5 with spring 6 is connected to
the frame of sowing unit. Back of frame 2 in the center of
each ribbed roller 1 is set a fertilizer funnels 7, coverers,
shoe openers and conical roller 8, which is set at the
angle a to the direction of furrow. It provides high-quality
seeding furrows embedding and soil compaction.

RESULTS

Analysis of work process of such roller shows that it
should take the form of a truncated cone and be directed
by a smaller base of cone to direction of motion. For
interpretation of the interaction of roller with soil and
swath we consider the scheme of work of conical roller in
the vertical and horizontal planes, Fig.2 a,b.

a)

OcHoBHVM ii pOBO4MM OpraHOM € KirbLIEBUOHWIA YLLNbHIOBAY-
60opo3HooyTBOPtOBaY. BiH cknagaeTbes 3 NPSIMOKYTHOT paMku 2,
B SKii BCTAHOBMEHO TPW Kinb4aTuX KOTkM 1. Pamka 3'eaHyeTbCA
3 wrabow 3, ska 3a [OMOMOrow pagianbHoro nosigka 4 i
HaTUCKHOI LTaHMIM 5 3 MpyXuWHOIO 6 3'€dHYETLCA 3 pPamoro
nociBHOro arperaty. 33agy paMku 2 MO LEHTPY KOXHOro
KinbvaToro kotka 1 BCTaAHOBMEHO TyKOMPOBOAWM 7, 3aropTtadi,
KWMNEBWUOHI COLLUHMKN Ta KOHIYHUIA KOTOK 8, yCTaHOBMEHWI nig
KyTOM O OO0 Hanpsiiky GoposeHku. BiH 3abesneuye sikicHe
3acvnaHHs NociBHNX GOPO3EHOK i YLLINMBHEHHS FPYHTY.

PE3YINbTATU

AHani3 pobo4oro npouecy Takoro KoTka Mokasye, Lo
BiH MOBMHEH MaTW (OpMy 3pi3aHoro KoHyca i OyTtu
CMPSIMOBaHMM MEHLLIOK OCHOBOK [0 HanpsMKy pyxy. [ns
BUSICHEHHS1 B3aemMofji KOoTka 3 T[PYyHTOM i Bankom
poO3rnNsHEMO CxeMy pobOTM  KOHIYHOro  KoTka Yy
BEPTUKanbHIi i rOpU3OHTanbHiv nnowwmHax, puc.2a,b.

b)

Fig. 2 - Scheme of the forces acting on the conical roller
1 —roller ; 2 — swath; 3 — furrow
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Fig. 2 - Scheme of the forces acting on the conical roller
1 —roller ; 2 — swath; 3 — furrow

From the scheme (Fig.2c) can be seen that gravity
force of roller mg (here m - weight of roller, g —
gravitational acceleration of the body) cause the frictional
force of the roller against the soil:

F = fmg

where f — coefficient of friction of the roller against the
soil.

This force is directed opposite to the direction of
rollers rolling.

From the scheme is also seen that at point A of
contact of rollers rim with swath appears a normal force
N, which declined from the vertical at the angle y and it
cause at this point the frictional force:

3 HaBepeHoi cxemu (puc. 2¢) BUAHO, LIO cuna Baru
KOoTka mg (TyT m — Maca KoTka, g — MPUCKOPEHHS
BifTbHOTrO MafiHHA Tina) BMKIMKAE cuny TepTs KoTka 00
I'PYHT:

@

fge f - koediuieHT TepTs koTKa 06 rpyHT.

LUs cuna cnpsamoBaHa
nepekoYvyBaHHS KOTKa.

3 HaBeOdeHoi cxeMu TakKoX BWAHO, WO B Touui A
OO0TMKy 000[a KOTKa 3 BarikOM BMHMKAE HOpMarbHa cuna
N, sika BigxuneHa Bif BepTUKani Ha OeAKWi KyT ) i BOHa

NPOTUNEXHO  HaNpPAMKY

BMKINWKAE B L TOYLi CUIy TEpTS:

F,=f-N @)
We expand the normal force N on the components - Posknagemo HopmanbHy cuny N Ha cknagosi —
horizontal: rOPU3OHTanbHy:
N, = N-siny (3)
and vertical: i BepTUKanbHy:
Ng = N -cosy (4)

Analysis of the forces components shows that the
horizontal force moves the swath in direction of the
velocity vector v, and the vertical force - compact the
swath and cause the friction force:

F=1-
which is directed opposite to direction of the velocity
vector v (here f1 — coefficient of friction of the swath
against the soil surface).

From the scheme on Fig.2c can be written condition
of swath moving by the roller:

29

AHani3 cknagoBMX CUN MNOKa3ye, Lo ropu3oHTanbHa
cuna nepeMillye Barnok B HanpsiMKy BeKTopa LUBMAKOCTI
V, @ BepTuKanbHa — YLUINbHIOE Banok i BUKNWKAE cumny
TepTa:

Ng (5)

fIka HanpaBneHa nNpPOTUMNEXHO HaMpsMKYy BeKTopa
wewmakocti v (TyT fi - koediuieHT TepTa Banka 06
NMOBEPXHIO TPYHTY).

3 HaBeaeHOI Ha puUC. 2C CXxeMM CUIT MOXKHa 3anucaTm
YMOBY NepeMilLieHHs! Barika KOTKOM:
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F +F,-cosy +F <N,.

Using expressions (1), (2), (3), (4) and (5) the last 3 ypaxyBaHHaMm Bupasis (1), (2), (3), (4) i (5)
inequality can be written in this form: OCTaHHIO HEPIBHICTb MOXHa 3anucaTi B TakoMy BUMMsAAi:
fmg + fN - cosy + f;N - cosy < N -siny . (6)
But mg = Ny + F, - siny and taking into account the Ane mg = Ng +F, -siny i 3 BpaxyBaHHsM BupasiB
expressions (2) and (4), this expression has the form: (2) i (4) uert BMpa3 maTMme BUrMAA;
mg = N(cosy + f -siny) (7)
where we find that 3BigKM 3Hangemo, LWo
m
N :79__ (8)
cosy+ f -siny
In terms of ensuring of swath shift in seeding 3 Toukm 30py 3abesneyeHHs 3CyBaHHA Banka B
furrow and of efficient self-cleaning rollers surface nociBHy 00po3eHKy i €edEKTUBHOIO CaMOOYMLLEHHS
from stuck-on soil it is of great interest the projection NMOBEpPXHi KOTKa Bif, MPUNMNIIOIO rPYHTY, 3HAYHWUIA iHTepec
of the normal force N in the horizontal plane N: (Fig. BMKINMKAE  MNpoOeKuis  HopmanbHoi cunm N B
2b). From the above scheme is seen that this force ropusoHTanbHin nnowwmHi N (puc. 2b). 3 HaBepeHoi
causes the lateral force F, which shifts the swath in the CXeMW BUZHO, L0 caMe Us cuna BUKnukae bivny cuny F,
furrow and completely covering the seed with soil. sika 3CyBa€ Banok B 6GOpO3eHKy i MOBHICTIO 3aKkpuBae
Thus the lateral force provides the rollers self-cleaning HaciHHA rpyHToM. [pu upomy GiyHa cuna 3abesnevye
from the soil that sticks to the surface. Its value can be CaMOOUMLLEHHS KOTKA Bif FPYHTY, WO Npununae 4o 1oro
determined by the formula F = f -N,., which with nosepxHi. |I 3Ha4YeHHs MOXHa BU3HAYUTU 3a HOPMYIIOH
account of expressions (3) and (8) takes on the F=1f-N., ska 3 spaxysanHam Bupasis (3) Ta (8)
following form: Habyae HacTynHoro Buay:
. . m
F=f-N-siny=f.siny g —. 9)
cosy + f -siny
To determine the draught of the roller we turn to the [nsa BU3HAYeHHS TAroBOro onopy KoTka 3BepHeMocst
scheme of forces (Fig. 2b), which act from the direction of [o cxemu cun (puc. 2b), wo aitoTb 3i CTOPOHU Barnka Ha
swath on the roller in a horizontal plane. From the above KOTOK B ropu3oHTanbHiA NrowuHi. 3 HaBedeHoi cxemu
scheme is seen that the resistance force of the swath is BMAHO, IO Cula OMnopy Banika BU3HAYaeTbCs 3a TaKoH
determined by the following formula: cdopmyrnoto:
Q=R, +F sina, (10)
where Ry - projection of the resultant resistance force ae Ry — npoekuis piBHogitoyoi cunm R onopy Barnka
R of the swath along the axis OY: no oci OY:
Ry =R-cosy =R -cos(a — ¢) (11)
here w - the angle between the resultant resistance TYT @ — KyT MiXX PiBHOZiHOYOO CMIoto onopy R Banka
force R of the swath and its constituent Ry; i i cknmagosoto Ry;
¢ — angle of deflection of resultant resistance force R @ - KyT BiAXWNeHHs piBHoAiNHOI cunn R onopy Barnka
of swath from the normal force N which is equal to the Bi4 HopmanbHOi cunu Nr, piBHWUIA KyTy TepTs koTka 06
rollers angle of friction against the swath; Barok;
a - angle between the normal force N; and direction a — KYT MiX HOpManbHow cunoto Nr i HanpsiMkom
of movement of the roller. pyXy KOTKa.
Given that R = e , and the value of the force N; is BpaxoBytoun Te, WO R = N, , @ 3HA4YeHHs cunun
oS @ cos ¢
defined by the formula (3), expression (11) can be written Nr Bu3HavaeTbes 3a dopmyroto (3), Bupas (11) moxemo
as R, = bt sl -cos(a — o) » which in view of 3anucatm  Tak Ry = N -siny -cos(a — ) » AKMm 3
cos @ cos ¢
expressions (8) takes the form: BpaxyBaHHAM Bupasy (8) Habyae Buay:

mg - sin cos(a—
R, - g-siny  cos(a—¢) 12)
cosy + f -siny ~ COS@
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We substitute the obtained values of Ry and F in MigctaBMMO oTpMMaHi 3HayeHHsa Ry i F B Bupas
expression (10), and get the draught resistance of the roller (10), i oTpMMaemo TAroBum onip KoTka
mg - sin cos(a — . m
= J 7 . cos( (p)+f-3|n057g -
cosy + f -siny cos ¢ cosy + f -siny
which finally is written as: SAKUA OCTATOYHO 3anuLLEeTbCs Tak:
m ; cos(a —
- m - -smy-[i( ¢)+f] (13)
cosy + f -siny Cos @

Value of the angle y of the line of frictional force 3HauyeHHsa KyTa y HanpsMmKy niHii gii cunm Tepta F»
action F, of roller against the swath of soil we define as KoTka 06 BarnoK rpyHTYy BM3HAYMMO HaCTYMHUM YUHOM.
follows: We substitute in expression (6) instead of mg the MigctaBumo B BMpa3 (6) 3amictb mg Bupas (7) i
expression (7) and obtain the inequality: OTPUMAEMO HEPIBHICTb:

fN(cosy + f -siny) + fN - cosy + f;N - cosy < N - siny

which after reduction on N can be written as follows: AKy nicna ckopoyeHHs Ha N MOxHa 3anuMcaTtu B Takomy
BUMMSAAI:

fcosy + f2 -siny + fcosy + f, - cosy < siny

After the arithmetic operations can be written as: Micns npoBeaeHHA apudMeTnyHMX Al i MoXHa
3anncaTtun Tak:

cosy(2f + f,) < siny(1— %),

where we define the angle y of the line of frictional force 3BiJKM BM3HAYMMO 3HAYEHHHA KyTa Yy Hanpsamky niHii ait
action F; of roller against the swath cvunu TepTs F2 koTka 06 Banok rpyHTy
2f+f1
y > arctg 5 (14)
1-f

Calculations show that for light soils by f=0,5 and Po3paxyHku nokasytoTb, WO AN NerkMx 'pyHTiB npu
f1=1,0, we have y > 630, and for heavy soils by f=0,8 f=0,5i f,=1,0, maemo y > 63" , @ Ang Baxkkux npu =0,8 i
and f1=1,0, we have y > 82O . f1=1,0, maemo y > 820 .

Knowing the angle y and the height h of the swath we 3Hatoum KyT y i BUCOTY h Banka MOXHa BU3HA4YUTK
can determine the minimum allowable rollers diameter. MiHIManbHO-OOMYCTMMUIA  AiameTp KoTka. [ns  uboro
To do this, we consider the triangle AOB (Fig. 1b) from po3rnsHemo TpukyTHUK AOB (puc. 1b), 3 sikoro moxHa
which  we can write that OB =r-cosy, sanmcatm, w0 OB =r-cosy, ar-OB=h.
r—-OB=h. Therefore r-r-cosy =h and Omke r—r-cosy =h i r(-cosy)=h, abo

D D
rd—cosy)=h, or ?(1— cosy) = h, whence > (A—cosy) = h, sBigku
D 2h (15)
- 1-cosy

Given that by the seeding of spiked cereals seed the BpaxoBytoun Te, WO Npu BUCIBIi HacCiHHA 3epHOBUX
shoe openers forming the swath height max 6 ... 10 cm, KOMNOCOBUX KyIbTYp COLLUHUKW YTBOPIOKOTb Banok BUCOTOHO
the rollers diameter should be 15 ... 35 cm. He GinbLue 6. ..10 cv, giameTp KoTka nosuHeH ctaHoBu 15-35 oM.
CONCLUSIONS BUCHOBKU

1. During moving a conical roller which is installed at 1. MMig Yac nepemileHHs KOHIYHOro KOTKa, YCTaHOBMEHOrO
the angle a to the direction of seeding furrow on its nig KyTOM O A0 HanpsMKy MOCIBHMX GOPO3EHOK, Ha MOro
surface generator arises a lateral force F, which shifts the TBipHiA NMOBepxHi BuHWKae 6GiyHa cuna F, ska 3cyBae
swath in the furrow and completely covers the seed with Banok B OOpO3eHKYy i MOBHICTIO 3akpuBae r'pPyHTOM
the soil. HacCiHHSA.

2. Efficient self-cleaning of the conical roller of soil 2. EdpexkTvBHE CaMOOUMLLEHHS KOHIYHOro KOTKa Bif
that sticks to its surface is provided by the lateral force I'PYHTY, LLIO NpuAMnae Ao Moro noBepxHi, 3abe3nevyeTbes
F. 3a paxyHok B6ivHoi cunu F.
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