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Abstract: The advantages and disadvantages of different
constructions of machines for planting seedlings are
analyzed. A new construction of machine for planting seedlings
with sections that move in lateral direction is presented.
The trajectory of the characteristic point of the section for
planting seedlings during the movement of the unit is
defined. The strengths of the reaction of the soil, acting on
the cheek of the coulter by its lateral movement are defined.
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INTRODUCTION

There are many machines for planting seedlings of various
constructions, which are intended for planting of
seedlings on the plain. Setting a specified row-width
spacing (distance between sections for planting
seedlings) in these machines is done manually. It took a
lot of time and effort.

We developed a mechanism for lateral movement of
the sections of machine for planting seedlings. It allows
you to change quickly the row-width spacing even during
the work [8, 9]. Such immediate and rapid change of the
row-width spacing may be necessary by planting of
different crops, by the work on the small plots, in various
environmental conditions, on the slopes. Developed
mechanism is provided mainly for two sections and can
move both sections in one way or another to ensure the
sustainability movement of the unit on slopes. A lateral
movement of the section with the coulter changes the
direction of the unit, which moves along the slope and
corrects this direction.

In scientific papers [3, 4, 5, 10] and in various
constructions of machines for planting seedlings [1, 2] the
issues of optimum parameters and operating conditions
of apparatus for planting seedlings as well as the coulter
are settled. But, there are not discussed the forces acting
on the coulter by its lateral movement. There are not
taken into account the possibilities of stabilization of the
specified direction of movement of the unit on the slopes
by the creation of additional reactions to displacement
and to turn the unit in required direction.

MATERIAL AND METHOD

In works [6, 7] is described the construction of the
mechanism for lateral movement of the section and
grounded a perspective of its employment on the small-
sized equipment. Theoretical researches of these works
allowed to define the value and the point of application of
the forces acting on the cheek of the coulter by its lateral
movement, but only for some cases of the deformation of
the soil along the line of the profile of its surface at the
cheek of the coulter (“day-surface”) and at the bottom of
the coulter. It is characterizing only a certain condition of
the sail at the present moment. As is known, the difficulty of
description of “behavior” of the soil at the time of deformation,
as well as a large range of variables properties make it
difficult to define the dependence, that can characterize
the line of the profile of the soil surface. So for the most
complete characteristics of the researched process we
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Pestome: [IpoaHanizogaHo nepesasu ma HeOOMIKU
Pi3HUX KOHCMPYKYil po3cadocadunbHuUx mMawuH. lNodaHa
HoBa KOHCMpPYKYisi po3cadocadusibHOi  MawuHu 3
ceKkuismu, siKi nepemiulytomscsi 8 60KO8OMY HarpsiMKy.
BusHayeHa mpaekmopisi nepeMilieHHs1 xapakmepHoi
mouku cadunbHOi cekuii i@ yYac pyxy aspesamy.
BusHavyeHa cuna peakuii rpyHmy, wo Oi€ Ha WOKy
COWHUKa rpu tio2o 60KO8OMY repeMiuleHHi.

Knroyoei cnoea: cowHuk, Momobsiok, po3cadocaduribHa
MawuHa, cxur, cuna, momyXxHicms

NEPEOYMOBA

IcHye 6GaraTo poscagocagunbHUX MalMH  Pi3HUX
KOHCTPYKLiM, AKi NMpu3HadeHi Ons cafiHHA po3cagn Ha
piBHUHI. BcTaHOBNEeHHs 3agaHol  WWPUMHW - MiXpAOb
(BigcTaHi MiXk cagunbHUMKM CeKLisiMM) B JaHUX MallnHax
BMKOHY€ETbCS BPYYHY. Ha ue 3aTpavaeTbea 6arato yacy i
3yCunb.

Mu po3pobunm mexaHiam Ans nonepeyHoro nepemilleHHs
CeKkuin poscagocagunbHoi  MawwuHu. Lle possonsie
WBMOKO  3MIHIOBaTU  LUMPUHY  MIXPSAAst  HaBiTb
Oe3nocepegHbO Mig 4Yac pobotn [8, 9). Taka TepmiHoBa i
WBMaKa 3MiHa LUMPMHL MPKpsiob Moxe OyTu HeoOXxigHa npwu
CafliHHi pi3HMX KynbTyp, Npu poboTi Ha APiIGHOKOHTYPHUX
OinsiHKax, B Pi3HOMaHITHUX 30BHILLHIX YMOBaXx, Ha CXMnax.
Po3pobneHuii MmexaHiam nepeadayeHuii, B OCHOBHOMY, A5si
[BOX CeKUin i MoXe nepemillyBaTn obuaBi cekuin B oanH
yn iHWWM Bik ona 3abesneyeHHs CTIMKOCTI pyxy arperarty
Ha cxunax, yknoHax. NonepeyHe nepemiweHHa cekuii 3
COLUHWKOM 3MIHIOE HanpsMOK pyxy arperaty, SKun
pPyXa€eTbCsi NO CXUIY | KOPEKTYE AaHUIN HANPSIMOK.

B HaykoBux pobotax [3, 4, 5, 10] i B pi3Hux
KOHCTPYKUifX po3cagocagunbHux MawuH [1, 2]
BUPIlWIEHI NWTaAHHA ONTUManbHUX MapamMeTpiB i
pexumie poboTM CcaaunbHOro anaparty, a TakoX
COWwHUKa. Ane He PpO3rMsHYTi CUMMW, WO AiloTb Ha
COWHMK MpXM KOro mnonepevyHoMmy nepemilleHHi. He
BpaxoBaHi MOXITMBOCTI cTabinisauii 3aplaHoro
HanpsIMKy pyxy arperaty Ha cCxufnax 3a paxyHOoK
CTBOPEHHS [00aTKOBMX peakuin Ans 3MileHHSa i
noBepTaHHs arperaty B HEO6XiAHY CTOPOHY.

MATEPIAI | METOOUKA

B pobotax [6, 7] onuMcaHa KOHCTPYKLis MexaHiamy
nonepevyHoro nepemillleHHs cekuii i obrpyHToBaHa
NepCnekTUBHICTb i 3acTOCyBaHHA Ha MarnorabapuTHin
TexHiui. TeopeTwyHi  OOCniAKeHHs  AaHux  pobiT
O03BONUAN BU3HAYUTWU BENWUYMHY | TOYKY NpUKNagaHHs
CUI, WO Ait0Tb Ha LLOKY COLUHMKa NP NOro nonepevyHomy
nepeMilleHHi, ane TiNbkKn Ana  Aeskux BuUMNagkis
nedopMyBaHHs I'pyHTY MO NiHii Npodpinto Noro noBepxHi y
LLIOKN COLIHMKA («AEeHHa MoBepXxHsA») Ta y horo gHa. Lle
XapakTepusye nuwe MeBHUA CTaH [PYyHTY Ha OaHuin
MOMEHT. AK BiAOMO, TPYAHOLLi ONMCY “MOBEAIHKN” I'PYHTY
B MOMEHT AedOpMyBaHHS, a TaKOX BenuKui Aiana3oH
3MIHHMX  BNAcTUBOCTEW  YCKMNaAHIOITb  BU3HAYEHHS
3anexHOCTi, WO MOXe oXapakTepuayBaTtu niHito npodinto
noBepxHi  rpyHty. Tomy ana  Hambinbll  MOBHOI
XapaKTepuCTUKU  [AOCHifpKyBaHOro  nmpouecy  HeobXigHo
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must consider the various options of these
dependencies. This article continues the researches of
this process.

As stated above for high quality work on the slopes
(mainly slope up to 159 we proposed the unit, whic h
consists in motoblock with machine for planting
seedlings with movable (in the transverse direction)
sections with disk-type apparatus (Fig. 1). A special
mechanism, which operator of motoblock engages-
disengage by the handle, ensures movement of each
section in the necessary direction. This mechanism
ensures also a simultaneous rising of the sections [8, 9].

INMATEH — ticubtutral Engineetin
PO3rNSAHYTU PI3HOMAaHITHI BapiaHTU AaHWX 3anexHoCTeN.
B paHin ctaTTi NpogoBXYETbCA OOCHIMKEHHS [AaHOoro
npouecy.

Ak O6yno 3a3HadeHo BuLWEe ANs SKiCHOI poboTn Ha
cxvnax (B OCHOBHOMY KpyTicTio go 159 Hamum
3anpornoHoBaHWiA  arperat, SIKMIA  cKnagaeTbcs 3
MOTOOMOKY 3 CaguSibHOK MalIMHOK 3 nepecyBHUMMU (B
nornepeyHoMy  HampsiMKy) — CekuisMu 3 anapaTom
auckosoro Ttuny (puc.l). CneuianbHUiA MexaHiam, siKui
ornepatop MOTOGMNOKY BMUKAE-BUMUKAE  PYKOATKOI,
3abes3nevye nepeMilleHHs KOXHOI cekuii B HeobxigHy
CTOPOHY. [aHui MmexaHiaM pa3oMm 3 nepecyBaHHAM
3abesneyye TakoX ogHoYacHe nigHiMaHHA cekuin [8, 9].

Fig. 1 — Motoblock with machine for planting seedlings with sections that moves in lateral direction /
Momobiiok 3 po3cadocaduribHOK MawWUHOK 3 CeKUisIMU, SKi nepemilyyrombcsi 8 6GOKO8OMY HarnpsMKy

RESULTS

For the performance of this mechanism it is necessary
to determine the trajectory of movement of characteristic
point of section for planting seedlings during its raising by
the unit moving.. We take this point Bo in the place of
attachment of the lever to the coulter (Fig. 2 and Fig. 3).
Lever connects the output shaft (point O on Fig. 2) of the
mechanism with a point By, and its length is equal to R.
Angle between the lever and the x-axis is equal to fBo.
Point Bo makes a complex movement: transient at the
motion speed of the unit v and relative around the point O
at the angular speed w.

We take the origin of coordinates at the point O; we
direct the x-axis on a course of movement of the unit and
the y-axis - down (Fig. 2). At the initial moment of time the place
of attachment of the lever to the coulter is at a point Bo, the
coordinates of which are expressed by the equations [7, 8]:

PE3YINbTATHU

Ona xapaktepuctukm poboTM [aHOro  MexaHiamy
HEOoOXiQHO  BM3HAYMTU  TPAEKTOPIlD  NepeMilleHHs
XapakTepHOi TOYKM cagunbHOi  cekuii nig 4vac i
nigHiMaHHa npu pyci arperaTty. Npuiimaemo U Touky By
B MiCLi KpinfeHHa Baxens 0O COLWHuKa (puc. 2 Ta puc.
3). Baxinb 3'eaHye BuxigHuin Ban (Toyka O Ha puc. 2)
MeXxaHi3aMy 3 TOYKOto By, i AOBXUHaA oro gopiBHoe R. Kyt
MK Bakenem Ta Bicclo X fAopiBHoe Bo. Touka Bp
30IVCHIOE CKNagHWi pyx: MEPEeHOCHWUI 3 LUBUAKICTIO Pyxy
arperaty Vv i BiAHOCHMI HaBkono Tovkn O 3 KyTOBOK
LUBUAKICTIO W.

Mpuimaemo noyatok koopauHat B Touui O; Bicb X
HanpasMMO MO XOAY PyXy arperaTty, a BiCb Y — BHU3 (pucC.
2). B noyaTkoBUN MOMEHT 4acy Micue KpinneHHs Baxens
00 COLIHMKA 3HaxoaumTbCcs B Touui By, KoopauHaTK sKOi
BMpaXalTbCsl PIBHAHHAM [7, 8]:

Xo = - R cos Bo,
Yo = R sin Bo. (1)

Xg

Y

Fig. 2 — Scheme to defining the trajectory of motion of a point By /
Cxema 00 8usHayeHHs mpaekmopii pyxy moyku By
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After a certain time interval t the shaft from the point O
will move to the position O; and will make its way vt.
During this same time the lever will turn on the angle wt.
Point By go into position B, then the coordinates of this
point are expressed by the equations (81 = fo — wt):

INMATEH — Agticubtusal Enginceting

Uepe3 neBHMM Mpomikok yacy t Banm 3 Toukm O
nepemictuTbca B nonoxeHHs O; i nponge wnsx vt. 3a
Len caMuin 4ac Baxifnb NpoBepHEeTbCHA Ha KyT wt. Todka
By nepenge B MOnoxeHHa B, Toai koopauHatu OaHoi
TOYKU BUPAXKaOTbCHA PIBHAHHAM (81 = Bo— wt):

Xg = vt — R cos B1 = vt — R cos(Bo— wt),

ye = R sin B1 = R sin(Bo— wt).

Equation (2) represents the trajectory of the absolute
motion of a point B (Bo).

Thus, if at the initial time the coulter was landed in soil
at a depth h, so after a time interval t it will be already
landed in soil at a depth hy (Fig. 3). From Fig. 2 and Fig.
3 we define hi:

hi1 =h—(yo-ys) =h —R[sin Bo(1 - cos wt) + cos Bo-Sin wt].

The raising of the section by its movement ensures
the reduction of the area of the lateral surface of the
coulter that is found in soil and, accordingly, the
reduction of the reaction of the soil at this coulter that
ensures smaller energy consumption on the execution of
this process.

By the movement of the coulter (of the section with the
coulter) in transverse side were formed the force
moments, which try to turn the unit (motoblock with
machine for planting seedlings) in the opposite side of
the movement of the coulter. The main support points of
this unit are two wheels of motoblock that are on the same
line. Therefore, the coulter that is arranged behind these
wheels (machine for planting seedlings is arranged
behind the motoblock), while moving in the direction of
the lower side of the slope turns the front of the unit in the
direction of the upper part of the slope. It corrects the
direction of movement of the unit in case of its rejection
in the direction of the lower side of the slope or its
slipping and it is ensured the stability of a given direction
of the movement.

For the full performance of this mechanism, we must
define the force acting on the part of the coulter, which is
landed in the soil. For these calculations we take the
worst option, i.e., the initial position of the coulter, when
it is landed in the soil and, accordingly, the reaction of
the soil on it, is maximum. All the other positions of the
coulter will be a special case and will be easily
calculated according to the methodology for the initial
position of the coulter.

At the initial time, the coulter abcd is arranged in
position at a depth h in soil and area of the lateral
surface, which is arranged in the soil, will be area of a
curvilinear trapezoid aknd (Fig. 3). By further work of the
mechanism the coulter will move aside and
simultaneously raising up in an arc with center at the
point O'. After a certain time intervals the coulter will hold
different positions. One of these positions of the coulter
is shown by broken line.

As stated above for the most complete characteristics
of researched process it is necessary to take different
variants of form of the surface of the soil near cheeks
coulter, namely lines kn and ad (Fig. 3). In works [6, 7] it
was taken that curve line kn which is described by the
functions of the form (there were taken four functions
that are most appropriate for description of the curve line
kn for different soil types): 1) z=Asinwx + h2) z=A
COS WX + o, 3) z=ax’ +bx+c(a<0),4) z=c+x"(0<
n < 1). For the fifth case for description of the curve lines
ad and kn were taken functions: z: = A sin wx + @o, Z2 =
c+x"(0<n<1).
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PiBHsIHHA (2) BUpaxatoTb TPaEeKTopilo abCcomnTHOro
pyxy Touku B (Bo).

Takmm UYMHOM, SKWO B NOYATKOBMMA MOMEHT 4acy
COLUHMK OYB 3aHYpeHWUit B I'PyHT Ha rmmMbuHy h, To yepe3
NPOMIXKOK 4acy t BiH yxe Oyae 3aHypeHwWi B IPyHT Ha
rnnbuHy hi (puc. 3). 3 puc. 2 Ta puc. 3 Bu3Ha4aemMo hi:

(©)

MigHimaHHA cekuii npu ii nepecyBaHHi 3abe3nevye
3MeHLWeEeHHA nnowli GOKOBOi NOBEPXHi COLWIHUKA, LWO
3HaxoAUTbCA B [PyHTI i, BigMNOBIQHO, 3MEHLUEHHS
peakuii I'pyHTY Ha JdaHui COWHMWK, Wo 3abesnevye
MEHLWi 3aTpaTu eHeprii Ha BWKOHAHHA [OaHoro
npouecy.

Mpu nepemilleHHi cowHmnka (cekuii 3 COLUHMKOM) B
nonepeyHoMy HanpsMKy YyTBOPIOETLCA MOMEHT CUMW,
SIKWA HamaraeTbCsl NMoBepHyTW arperat (MoTobnok 3
po3cafocagunbHOK  MalLMHOK) B NPOTUNEXHUNA
nepeMilweHHo cowHuka 6ik. OCHOBHUMKM To4YKaMu
onopu [aHoro arperaty € ABa korneca moTobnoka,
WO po3TalloBaHi Ha OAHIK MiHii. TOMy COLWHKK, WO
3HaxoAMTbCS No3ady AaHuX Konic (po3cagocaavnbHa
MalWunHa 3HaxoauTbca nosagy moTobnoka), npwu
nepeMilwleHHi B HWXHIN Oik cxuny posBepTae
nepegHl0 4YacTuUHy arperaty B HanpsaMKy BEepXHbOi
yacTuHu cxuny. Lle KopekTye HanpsiMoK pyxy
arperaTy y pasi NOro BiAXWMMEHHS BHWU3 MO CXWUMY 4un
cnoB3aHHA | 3abeanedyye cTabinbHiCTb 3agaHoro
HanNpPsiMKy pyxy.

[nsi NOBHOI XapakTepucTMkn poboTn AaHOro MexaHiamy
HeOOXiAHO BU3HAYUTW CUny, LLO i€ Ha 3aHYpPeHy B 'PyHT
YaCTUHY colHuKa. na gaHnx pospaxyHKiB NpuriMaemo
Hauvripwin BapiaHT, TOOTO MOYaTKOBE MOSIOXKEHHS
COLUHMKA, KON BiH 3aHYpPeHW B IPYHT MaKCMMarbHO i,
BiAMNOBIQHO, peakuia 'PyHTY Ha HbOrO0 € MakCMMarnbHO.
Bci iHWi nonoxeHHa cowHuka OyoyTb  YaCTUHHUM
BUNaOKOM | JIerko po3paxoByBaTUMYTbCS 3a MPUMAHATOO
METOAMKOIO A1 MOYaTKOBOIO NOMOXEHHS COLLHMKA.

B noyaTkoBMI MOMEHT Yacy COLHMK abcd 3HaxoamTbCst
B 3aHypeHOMy Ha rnuMbuHy h B TPyHT MOMOXEHHI i
nnoweto GOKOBOI MOBEPXHi, WO 3HAXOAUTbLCA B I'PYHTI
O6yne nnowa kpusoniHinHoi Tpanewji aknd (puc. 3). Mpn
nofanbLuii poboTi MexaHiaMy COLUHMK Byae nepemilllyBaTuch
B ik i ogHOYacHO nigHIMaTUCb yBepx no Ay3i 3 LEHTPOM B
Touui O'. Yepe3 neBHi NPOMKKM Yacy COLWHWK Oyae
3aimMaTtn pisHi nonoxeHHs. OAHe 3 TakMx MOMOXeHb
COLLHMKA NOKa3aHo MyHKTUPOM.

Ak 6yno 3asHayeHO Buwe AN Hanbinbw NOBHOI
XapaKTepuCTMKN AOCHidAXKyBaHOro npouecy HeobxigHo
NPUIAHATU  PI3HOMaHITHI  BapiaHTM dOpMU  MOBEPXHI
I'pyHTY 6ing Wokn cowHmka, a came niHii kn i ad (puc. 3).
B pob6otax [6, 7] Oyno npuiHsaTo, WO KpuBa kn
onucyeTbes yHKuiamn Bugy (6yno MpUAHATO YoTMpwU
dyHKUIT, Wo Hanbinbw nigxoaaTb Ans onucy KpuBoi kn
Ons pi3HMX TMNiB rpyHTiB): 1) Zz = Asin wx + h, 2) z= A
Cos wX + @o, 3)z=ax’+bx+c(a<0),4)z=c+x"(0
< n<1). na n'atoro Bunagky ansa onucy kpmeux ad i kn
BYnn NPURHATI YHKLIT: 21 = A sin wX + @o, z2=c + X" (0
<n<1l).
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Continuing these researches for our case with certain
assumptions and based on our preliminary experimental
researches we can take that the curve lines kn and ad,
accordingly, are described by the following functions:
Z> = A2 COS WaX + o + C, 21 = A1 Sin wiX + @o.

The state of the soil near coulters cheek is considered
in the broader perspective, namely, when the soil surface
is described by a function y, = Az cos wxX + ¢o + ¢, and
specifically for the coulter zz = A2 cos wax + h (line kn),
and at the bottom — by the function y; = Az sin wix + @o,
and specifically for the coulter zz = A1 sin wix (line ad).
Such curve line is formed through the existence of a
curved surface directly near the coulters cheek, because
of the fact that during the previous tillage deeper than the
depth of the coulters motion by planting seedlings, in it
are formed the cavities and globs, and therefore the
contact with such surface does not occur in a straight line
(Fig. 3).

We direct the axes of coordinates as shown in Fig. 3.
Z-axis passes through the joining point k of the front edge
of the coulter with the surface of the soil, while the x-axis
- along the bottom of the furrow. The length | of the surface
aknb we take as the average between constructively
known sizes bc and ad of the coulter. It is known from the
theory that for practical calculations the force F acting on
the surface S is determined by the formula:

where k — soil resistivity,
S — surface area.

To simplify we neglect area Oka (Soka), because of its
value which is much less than the area aknd (Saknd)-
Thus, we take that the landed in the soil part of the
coulter is the area Oknd (Sokna). We will define its value.

If S is area, which located between the curve lines z;
and z,, then we have:

[ [ f(x,2)dxdz=

I A,cosw,x+h

Soma =] [ T(x,z)dxdz={ [}

Ay sinogx

h |
dxdz = [ (A,cosw,x+h- A sine,x)x = A,[ cose,xdx +
0

0

We define integral, and have:

Soknd = (A2 sin U.)2|)/U.)2 + hl— Al(l — CO0s wll)/wl.

From the formula (4) we can define the force F acting
on the surface Soknd:

b

a

| |
dxdz = [ (A, cosw,x+h— A sine,x)dx = A,f cosw,xdx +h

h_|'I dx -
0
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[Mpogoexyoun AaHi AOCHIMAXEHHA ANS HALIOro BUMagKy
3 MEBHUM NPUMNYLLEHHAM | CrMPaloYnCh Ha Halli nonepeaHi
eKkcnepumeHTanbHi 4OCIMKEHHA MOXEMO MPUAHATH, LLO
kKpvBi kn i ad BignOBIOHO OMUCYIOTLCA  HACTYMHUMM
YHKUIAMU: Zo = A COS WaX + Qo + C, Z1 = A1 Sin waX + @o.

CTtaH rpyHTy 6insi LWOKM COLWHWKA pO3rNsgaeTbest B
GinblW LWMPOKOMY acnekTi, a came KONnM Ha MOBEpXHi
I'PYHTY BiH ONUCYETLCA PYHKUIEID Y2 = Ay COS WX + ¢ +
C, i KOHKPETHO AN COWHUKa Z2 = Az COS wox + h (niHis
kn), a y AHa — dyHKuielo y1 = Ap sin wix + @o, i
KOHKPETHO ANS COoWwHMKa z1 = Aq Sin wix (NiHis ad). Taka kpusa
NiHIA YTBOPIOETECA Yepe3 HasBHICTb KPUBOI MOBEPXHI
6esnocepefHbO y LLOKM COLIHWKA 4epe3 Te, WO npu
nonepefHboMy 06pobBiITKY I'PYHTY Ha BinbLuy rMmMbuHY Hix
rMubuHa xody COLUHUKa NpW cafiHHSA po3cagn, B HbOMY
YTBOPIOIOTLCSH MOPOXHWHU | TPYAKW, | TakMM YMHOM
KOHTaKT 3 TaKOol MOBEpXHEe He BiabyBaeTbCsa No NpsAMin
NiHiT (puc. 3).

HanpaBumo oci koopauHaT sK MokasaHo Ha puc. 3.
Bicb z npoxoauTb Kpi3b TOUKY K CTUKY NepeaHbOi KPOMKU
COLLHMKA 3 MOBEPXHEK [PYHTY, a BiCb X — NO AHY
6oposeHkun. JosxuHy | noBepxHi aknb npuimaemo sk
cepeHi0 MK KOHCTPYKTMBHO BigOMUMWM po3Mipamu bc i
ad cowHuka. 3 Teopii BiAOMO, WO AnA NPaKTUYHMX
po3paxyHkiB cuna F, wo pfie Ha gaHy noBepxH S
BU3HaYaeTbCs 3a POPMYIIOH0:

kS, (4)

ae k — nutomui onip rpyHTy,

S — nnoLua NoBepxHi.

[Ona cnpowenHsa Hextyemo nnoweto Oka (Soka), OCKINbKM
il BenmumHa Habarato meHwe nnouwi aknd (Sakng). Takum
YMHOM, NPUAMAEMO, LLO 3aHYPEHOK B I'PYHT YaCTUHOK
cowHuka € nnowa Oknd (Sokng). Bu3Haummo ii BenuunHy.

Akwo S — obnacTb, WO 3HAXOAUTBLCA MiXK KPUBUMUN Z; i
Z3, TO MAEMO:

2, (X)
[ | f(x2)dxdz.

7(x)

®)

0 0
|

A, sin o, xdx. 6)
0

O6paxoBytouu iHTerpan, ogepxyemMo:

™

3 cdhopmynu (4) moxemo BU3HaunTH cuny F, Wwo gie Ha
NOBEPXHIO Soknd:

|
[ dx-
0
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F = K[(A2 sin wal)/w2 + hl — A1(1 — cos wal)/w4]. (8)

It is known from the theory that such force is applied at 3 Teopii BigoMo, WO Taka cuna npuknageHa B Touui
the point of the center of gravity of this figure. From the LeHTpa TsXiHHA JdaHoi irypn. 3 BigoMoi MeToauku
known method of definition of coordinates of the center of BM3HAYEHHSA KOOPAMHAT LEeHTpa TSXKiHHS MNockoi dirypu

_ _ xdS [xds [ zds [ xf (x)dx
gravity of planar figure we have: :-f and MaeMo: =2 =< abo sV
*="g =Tg 'R % s
zdS xf (x)d 2 2
= L, or Xe = M and = M . i — M . BusHavaemo KoopauHatn Ana
S S 2S 2S

We define the coordinates for our case, i.e. for the plane Haworo Bunagky, To6To ans nnowmHn Oknd. 3
Oknd. Using the formula (6) the abscissa of the point C  pykopucTanHsam chopmynu (6) 3HauUeHHsS aBCLUMCU TOUKM

will be: C 6yge:
| Aycosopx+h |
[ [f(x2xdxdz [ [ xdzdx [(Axcose,x+hx— AxsineX)dx
XC _ s _ o0 A sineyx _ 0 _
SOknd SOknd SOknd
cosw,l -1 | . hi? sina,
A2(2+| S|nwzlj+—A1 sinel - cosal)
o, o, 2 o o ) )
B sinw,l 1-cosw,l
AZ 2 + hl _ A&.( 1 )
@, oy

The value of zc comes out lengthy and for these 3HayeHHa zc BUXOAWTb TPOMI3OKMM Ta Ans OaHuX
researches is not of interest. [ocnigpxeHb iHTepecy He NpeaCcTaBnse.

We will define the value of the force F acting on the BuaHaunumo BenmumHy cvnm F, Wo aie Ha LWOKY COLUHMKA.
coulters cheek. For practical calculations we take: soil [nsa NnpakTUYHMX po3paxyHKiB NPUAMAEMO: MMTOMUIA onip
resistivity k = 30 kPa; amplitudes A; = 0.02 m, A; = rpyHty k = 30 klMa; amnnityan A; = 0,02 m, A, = 0,05 m;
0.05 m; circular frequencies wy = 125.6 m™, w, = 94.2m™;  kpyrosi yacTotn w; = 125,6 M™%, w, = 94,2 M™; cepenHs
the average length of the coulter | = 0.3 m; maximum OOBXMHa cowHuka | = 0,3 M; MakcmarisHa rnMbnHa 3aHypeHHs!
depth landing in the soil of the coulter h = 0.2 m. cowHuka B rpyHT h = 0,2 m. lMigctaBngawoum Ui AaHi B
Substituting these data in the formula (8) we get: Foknd = dopmyny (8) ogepxxyemo: Foknd = 1,8 kH. MNpwn wemnakocTi
1.8 kN. At a velocity of sections move v = 0.2 m/s, we get nepemiweHHs cekuii v = 0,2 m/c, oaepXyemMo BENUUYUHY
the value of power for its move N = Fokna * V = 0.36 kW. NOTYXXHOCTi Ans ii nepemiweHHs N = Foxng - vV = 0,36 KBT.

This mechanism is designed for use on small-sized [aHun mexaHiaM npusHavyeHuin Ans BUKOPUCTaHHSA Ha

equipment (motoblocks) with an average engine capacity MarnorabapuTHin TexHiui (MoToGnokax) 3 cepeaHboto
5-6 kW. From this calculation, it is clear that this power NOTYXHiCTo ABuryHa 5-6 kBT. 3 pospaxyHkiB BUAHO, L0
satisfies the conditions of work. Taka NoTYXHICTb 3a40BOJIbHSAAE yMOBaM poboTy.

From the formula (3) we define the depth landing in 3 dopmynn (3) BM3HAYMMO TNNOMHY 3aHYPEHHSI
the soil of the coulter in a period of time of 1 s. This COLWWHMKA B I'PYHT 4epe3 npomixok vacy B 1 c. [daHun
period of time is sufficient for correction of the direction of NPOMIXKOK Yacy € AO0CTaTHIM AN KOperyBaHHs HanpsiMKy
movement of the unit, i.e., to turn the front of the unit pyxy arperaTy, TOOTO Ans pO3BOPOTY NEePeaHbOI YaCTUHN
(motoblock) towards the upper side of the slope. We arperaty (MoTOGNOKYy) B Oik BEPXHbOI YacTWMHWU CXuUIy.

have the constructive values: R = 0.5 m, 8o = 30°% w = Maemo KOHCTPYKTMBHI 3HayeHHs1: R = 0,5 M, B0 =30° w =
0.4 rad/s. Substituting these values in the formula (3), we 0,4 pag/c. MiacTtaBnsitoun gaHi 3HaveHHst 'y doopmyny (3),
geth; =0.12 m. oTpumaemo hy = 0,12 m.

From formula (8) we define the value of the force F 3 chopmynu (8) BU3HaUMMO BenNUUMHY cunu F (3amicTb

(instead of h we take h: = 0.12 m) and we get F = 1.08 h npuimaemo h: = 0,12 m) i ogepxyemo F = 1,08 kH i,
kN and, accordingly, N = 0.22 kW. As the calculations BignosigHo, N = 0,22 kBT. Ak BMAHO 3 LMX PO3paxyHkiB
indicates, the reaction of the soil on the coulter is peakuisi r'pyHTy Ha COLWHWMK 3MEHLIYETbCS NpU  WOro
reduced by its raising and, accordingly, are reduced the nigHiMaHHi i, BiANOBIAHO, 3MEHLUYIOTLCA 3aTpaTy eHeprii
energy consumptions by the execution of this process. Npv BUKOHaHHI AaHOro npouecy.

For turning the unit to the upper side of the slope and, [Ins noBopoTy arperaty y BepxHiin 6ik cxuny i, BianosigHo,
accordingly, for correction of its direction of movement, it Ona KOperyBaHHsA MOro HanpsiMky pyxy, HeobxigHo, Lo
is necessary that the moment of force F applied in the centre MOMEHT curm F, WO npuknageHa B LIEHTPi 3aHypPeHOI B I'PYHT
of landed in the soil part of the coulter exceed the force G YaCTUHW COLUHMKa NepesuLLyBana MoMeHT curim G Big Barm

moment of weight of front of motoblock (engine of motoblock). nepegHboi 4YacTUHM MoTobsfoka (OBUryH MOTOOGMOKA).
Moments are taken relative to a point in the center C. of MomeHTun npunuMatoTbCst BiOJHOCHO  TOYKMU, o
the line along the axis of the wheels of motoblock. 3HaxoauTbCA B LieHTpi CL NiHii no oci konic moTobnoka.
From formula (9) we define the abscissa xc of the 3 dopmynu (9) BM3HauMmo abcumcy Xc Toukm C
point C (instead of h we take h: = 0.12 m) and we get Xc npuknagaHHs cumm F (3amictb h npunmaemo hy = 0,12 wm),
=~ 0.15 m. Taking into account this value we take the oTpumyemo Xc = 0,15 m. 3 BpaxyBaHHAM [aHOro

distance from the center C. to point Xc, i.e. arm I = 0.5 3HaYeHHA NpUUMaemMo BiAcTaHb Big LeHTpy CL A0 TOuKu
m. The same value, we take for the distance from the Xc, TobTOo nneye I = 0,5 M. Take came 3Ha4YeHHs

center C. to the center Cg of front (engine) of motoblock, npviMaemo Ans Bigctadi Big ueHTpy C. oo ueHntpa Cg
i.e. arm Ig = 0.5 m. At minimum landing of the coulter in nepenHboi YacTuHM (ABUryH) MoTobnoKa, To6To nnede lg
the soil (h1 = 0.12 m) the force F moment equals to: Mg = = 0,5 m. lNMpun MiHiIManbHOMY 3aHypeHHi COLUHMKA B I'PYHT

F I = 1.08:0.5 = 0.54 kNm = 540 Nm. The force G (h1 = 0,12 m) momeHT cunu F gopieHioe: Mg = F | = 1,08 -
moment equals to: Mg = G lg = 0.5:0.5 = 0.25 kNm = 250 0,5 = 0,54 kH-m = 540 H-m. MomeHT cunn G [OpIBHIOE:
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Nm. The weight G of front of unit (motoblock), namely of its
engine, we took as a half of the total weight of
motoblock (total weight of motoblock is approximately
equal to 100 kg). Therefore, even at the minimum
landing of the coulter in the soil the moment Mg is more
than two times higher than the moment Mg. It is allowed
by means of the mechanism of movement of the
sections to easily and quickly (in about 1 s) adjust the
direction of movement of the unit by the work on slopes.

CONCLUSIONS

Resulted higher analysis of work of the mechanism of
movement of the sections allows to define the trajectory
of the characteristic point of the section for planting seedlings
during of movement of the unit, the value and the point of
application of the force acting on the cheek of the coulter
by its lateral movement at the landing position of the
coulter in the soil. Developed mechanism of lateral
movement of the sections with the coulter provides its main
function, namely, adjustment of the direction of movement
of the unit on the slopes. Experiments have shown that
the maximum deviation of the unit with this mechanism
by the work on slope is up to 15°is 2 cm, which i s within
the permissible norms [2].

Resulted higher method of calculation is the main for
mechanism of movement of the sections for planting
seedlings and, accordingly, for matching optimal
parameters of the coulter and of all machine for planting

seedlings for working in various environmental
conditions.
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INMATEH — Agticubtusal Enginceting

Mg =G Ig = 0,5-0,5 = 0,25 kH-m = 250 H-m. Bary G, wo
npvnagae Ha nepegHio YacTuHy arperaty (MoTobnoka), a
camMe Ha WOro ABWUryH, MPUAHSNM K MOMOBUHY 3ararbHol
BarM MoTobroka (3aranbHa Bara MoTOGroka npubnnsHo
popisHioe 100 kr). Omxe, HaBiTb NPY MiHIMaNbHOMY 3aHypPeHHI
COLUHMKA B IPyHT, MOMeHT Mg nepeBuLLye Ginblue HixX B ABa
pa3n MomeHT Mg. Lle Ao3Bonsie 3a JOMOMOrow MexaHiamy
nepemilweHHs cekuii nerko i weuako (NpudnmnsHo 3a 1 c)
cKoperyBaTu HanpsIMoK pyXy arperaty npu poboTi Ha cxvnax.

BUCHOBKU

HaBegeHuii TeopeTUyHMIA aHania poboTn MexaHiamy
nepecyBaHHs CEKLIN Jae MOXIIMBICTb BU3HAYNTU TPAEKTOPIO
nepemMilleHHs1 XapaKTepHOi TOYKM cagunbHOI cekuii nig
Yac pyxy arperaty, BEnMYMHY Ta TOYKY NpuUKnagaHHs
cuUnu, WO Ai€ Ha LLOKY COLLHMKA NpU MOro nepecyBaHHi B
BGOKOBOMY HanpsiIMKy B 3aHYPEHOMY B 'PYHT MOMOXEHHI,
MOMEHTM CUI BiJHOCHO TOYKM, LLO 3HAXOAUTLCSA B LIEHTPI
NiHii no oci konic motobnoka. Po3pobneHnin mexaHiam
GOKOBOro NepemilleHHs CeKuii 3 COWHMKOM 3abesnevye
CBOI OCHOBHY (DYHKLIil0, @ Came KOPEKTyBaHHS HanpsiMKy
pyxy arperaty Ha cxunax. EkcnepumeHTn nokasanw, o
MakcumarbHe BiOXWMeHHs arperaty 3 AaHyM MexaHi3MoM
npu poboti Ha cxuni go 15° cTtaHoBNATbL +2 CM, WO
3HaAX0AUTbLCS B MeXax AoMYyCTUMUX HOpM [2].

HaBegeHa meToguka po3paxyHKy € OCHOBHOKW Ans
MexaHi3My nepecyBaHHs CagurbHUX CEKLUiN i, BIANOBIAHO,
ans nigbopy onTMManbHUX NapaMeTpiB COLWHUKA i BCIiEl
po3cagocagunbHOi MawmHn ans poboTu B PisHOMaHITHUX
30BHILLUHIX yMOBaX.
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