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Abstract: The work deals with the results of theoretical
research of the process of interaction of the couplant
equipment with the plants. The equations for calculating
the cutting height and the drum position respective to the
cut plants were developed within the present work.
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INTRODUCTION

The machines for herbicide application by couplant
method are ones of the ecologically advantageous kind
of machines for eliminating the undesirable vegetation in
the agricultural lands and grazings [3, 8, 10]. Their use
allows almost to eliminate the unproductive herbicide
loses, which can achieve 40-60% while spraying [4, 9].
The chief matter of couplant method is in herbicide
solution application by direct contact of a working tool
with the herb top. The herbicide effect can be higher
because of the simultaneous performance of two actions:
cutting of the plants and applying the herbicide solution.
The last is applied to the cut surface by couplant
equipment, then it is transferred into the plant root
system and causes its death or significant decrease of
life activity.

MATERIAL AND METHOD

The analysis of the machines constructions for
weeding out, done by the authors, has shown the
following drawbacks: significant herbicide loses, working
tool deformation while contacts with very rough herb
stems, impossibility to use the machines on the surfaces
with large inclination.

The construction of the equipment of complex
effect for eliminating the undesirable vegetation and
simultaneous applying of herbicides was suggested in
order to reduce the drawbacks (figure 1) [1]. This design
solution is aimed to:

- effectively eliminate the top part of the herb;
- effectively eliminate the root system;
- avoid the transfer of chemicals on the crop plants;

- avoid the herbicide loses while windage and
minimize loses for evaporation and dropping.

The equipment for elimination of undesired
vegetation by complex method consists of three working
tools: cutting mechanism, cut herb collector, couplant
mechanism.

Efficiency of the process of elimination of undesired
vegetation depends on the conditions of interaction of the
working tool with the plant matter [6], geometrical and
kinematical characteristics of the equipment, physical
and mechanical characteristics of the plant and the
position of the equipment in comparison with the plant.
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Pe3rome: Y OaHili pobomi euknadeHo pe3yrnbmamu
meopemu4Hux 00cridXeHb rnpouecy 83aemodii pobo4yozo
obnadHaHHs npucmporo O KOHMaKMmMHO20 MaleHHs i3
pocnuHamu. O6rpyHmosaHo eupa3u O 8U3Ha4YeHHs
sucomu 8CMaHOB/eHHS PiXy4oeo anapamy.
ObrpyHmogaHo po3miwieHHs1 b6apabaHy 8iOHOCHO 3pi3y
POCIIUH.

Key words: 6apabaH, eHeceHHsi e2epbiyudis, cmebrio
POCUHU, KOHMakmHul crnocié

NMEPEOMOBA

OpHUM i3 eKonoriYyHo NepcrnekTUBHUX BUAIB MaLUUH Ons
3BeEHHS HebaxaHoT POCANHHOCTI Ha
CiNbCbKOroCnoA4apCbknUX  Yrigasx Ta nacoBuwax €
MalvHW  ONA  HaHeCeHHsA repbiumaiB  KOHTAKTHUM
cnocobom  [6,9,10]. ix 3acTocyBaHHs  gossonsie
NPaKTUYHO YHUKHYTW HENPOAYKTUBHMX BTpaT repbiunay,
AIKi, HAaNpuknag, npu obnpuckyBaHHi, gocsraioTb 40-60%
[1,7]. CyTb KOHTaKkTHOro crnoco®y Monsdrae y HaHEeCEHHI
po34MHy repbiumay wnsxom 6e3nocepeqHbOro KOHTaKTy
pobo4oro opraHy 3 Ha3eMHOK YacCTWHOK POCINHM.
Edekt BnnmBy repbiunay Ha poOCnvHM NiABULLYETLCA 3a
paxyHOK NOEAHAHHA onepaLiii 3pi3aHHs POCHWH i IXHLOro
MaLlleHHs. Po3uvH repbiumay nogaeTbCa Ha MOBEPXHIO
3pidy KOHTaKTHMM crnocoboM, Aani NoTpannsae y KopeHeBy
CUCTEMY POCNUHM i cnpuynHse ii 3armbenb abo 3HayvHe
NPUrHIYeHHsI NPOLECIB XUTTEQISNBHOCTI.

MATEPIANN | METOOUKA

AHani3 KOHCTPYKLiA MawunH ANns 3BefeHHs Oyp’siHiB,
BMKOHAHWUIN aBToOpamMu, BUSIBUB HACTYMNHI HEOONIKN: 3HaYHI
BTpaTun repbiunay; aedopmaldisi poboyoro opraHy nig vac
3ycTpidi 3i crtebnamy poCnMH 3HAYHOI KOPCTKOCTI;
HEMOXIUBICTb BUKOPUCTAHHSI 00nagHaHHA Ha nroLax i3
3HAYHUM YXMITOM.

3 meTol ycyHeHHs Heponikis 6yna 3anponoHoBaHa
KOHCTPYKLisi HavinHOro obnagHaHHA KomGiHoBaHOI Ail
Onsa 3BefeHHs HebaxaHoi BMCOKOPOCNOi POCIUHHOCTI
(puc.1) [4]. 3anponoHoBaHe KOHCTPYKTUBHE PilLEHHS
CrpsiMOBaHe Ha:

- edeKkTuBHe
POCINHHOCTI;

- e(PEeKTMBHE 3HULLEHHSI KOPEHEBOI CUCTEMU;

- BiACYTHICTb MOTpPannAHHA XiMiKaTiB Ha KyrnbTYpHi
POCINHY;

- BiACYTHICTb BTpaTy repbiungy npv 3HeCeHHi BiTPOM
Ta MiHiMi3auilo BTpaT Ha ckanyBaHHSI BMMapOBYBaHHS.

O6nagHaHHA Ans 3BefeHHst HebaXkaHo! POCHMHHOCTI
KombiHoBaHUM crnocobom Bknovae B cebe Tpu poboui
opraHu: pixy4uui anapaT, nigbvpady 3pisaHoi pOCNUHHOCTI
Ta MNPUCTPIN KOHTAKTHOIO MaLLEHHS.

EdbektBHicTb  nmpouecy  3BeAeHHs  HebaxaHoi
POCIMHHOCTI 3anexuTb Big YMOB B3aemogii pobo4yoro
obnagHaHHSA 3 POCITUHHUM MaTepianom [3],
reoMeTpuUYHUX i KIHEMaTUYHMX NapameTpiB obnagHaHHs;
i3nKO-MEXaHIYHMX XapaKTepPUCTUK POCMWH, a TaKoX
B3aEMHOr0 po3TallyBaHHSA 06nagHaHHSA Ta POCMWH.

3HULLIEHHA  Ha3eMHOI  4aCcTuUHKU
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In order to study the influence of the respective
positioning of the plants and equipment on the efficiency
of the process we will look at the computational model in
the drawing 2.
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3 MeTo  JOoCnigXeHHs  BNNUBY  B3aEMHOro
posTallyBaHHSA POCMWH i obnagHaHHA Ha edEeKTUBHICTb
NnpoLecy PO3rMAHEMO PO3PAaXYHKOBY CXeMmy, NMofaHy Ha
puc.2.
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Fig. 1 - Scheme of equipment for elimination of undesired vegetation and weeds:
1 — cutting mechanism, 2 — collector, 3 — couplant apparatus, 4 — herb stem

i

-
— ]

~N

Vimax

Y max ::B

b

Fig. 2 - Computational model of interaction between the stem and the working tool:
a — power scheme in the contact zone;
b — interaction between the stem and drum on condition that ymax=g.

We take into consideration that the height of the stem
after the cut is Hz, in the moment when the drum touches
the stem fluctuates from the original position at the angle
Y.

The authors study the change of the angle y of the
stem fluctuation from initial vertical position in
dependence to the physical and mechanical
characteristics of the plant and the influence of its degree
on the integral quality index of the couplant process.
According to the results of the studies, we take that
wmax=L (drawing 2), where g is the angle of the plant cut,
i.e further theoretical studies will be done for the most
favourable conditions of the process. As we can see from
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Mpunyctumo, Wwo nicns 3pisaHHs cTebno mae BMCOTY
Hi i B MOMEHT AOTUKY 0 Hboro 6apabaHy BiaxnnseTbes
BiJ MOYATKOBOIO MOMOXEHHS Ha KyT .

3miHa KyTa @ BigxvuneHHs oci ctebna Big noyaTkoBOro
BEPTUKANbHOIO MOJSIOXKEHHSA  3anexHo Big  isunko-
MEXaHiYHMX BMacTUBOCTEM pPOCMAMH | BMAAMB  KOro
BENUYMHM Ha iHTerpanbHUM MOKa3HWK SKOCTI npouecy
KOHTAKTHOrO MallleHHs  JocrigXyBanacb aBTOpamu.
Basyouncb Ha pesynbTaTax BUKOHAHWMX OOCHIOKEHb,
npuiMaemo, Wo Wmax=F (puc.2), ae B KyT 3pisaHHA
pocnuH, TOOTO noganblli TEOPEeTUYHI AOCHiAKEHHs
Oyoemo npoBoAMTU ANst HaWGinbL CNPUSITIMBUX YMOB
npoTikaHHa npouecy. 3i cxemn 6aymMmo, WO 3 METOH
3a06e3MneyeHHs KOHTaKTy pPOCIMUHM i3 30BHILUHLO
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the drawing, the drum should move with the height H2 noeepxHeto 6apabaHy, OCTaHHIN NMOBUHEH pyxaTUCb Hap
above the field surface in order to provide the plant and nosepxHeto nons Ha BMCOTI Hz; npuyomy Hz< Hi.
outer drum surface contact; in these circumstances BapabaH nepewmillyeTbc 'y HanpaAMKy BekTopa
H2< Hi. The drum moves in linear velocity vector ”“_*“7”*0' WwBenAKoCTI V. BMOMeHT OOTUKY 6apq6aHg 3
direction V. In the moment, when the drum touches the 3pIsaHNM ..CTe6"°M' OCTaHHE BIAXMAAETLCH TIA AIEI0
cut stem, it fluctuates under the fluctuating power P. The araHatotol cuma . Peakuin R - Hanpasnena

. S . . npoTunexHo cuni P i nparHe noBepHyTu cTebno y
reaction R is directed opposite the force P and tries to NOJaTKOBE MONOKEHHS. Y 30HI KOHTaKTy mie cuna

return the stem into initial pos_itior_L '_I'her_e is friction in the Tepts F=fN, ge f — koediuieHT TepTa cTebna no
contact zone F=f-N, where f is friction index of the plant  popepxni 6apabany; N — HopmarbHa cuna.

stem on the der surface; N is normal force. PosrnsHemo cTebno sk KOHCOMNbHO 3akpinneHy Garnky
Let's examine the stem of the plant as overhung KpYrroro nepepisy, ToAi piBHSHHS NiHii NporuHiB cTebna
circular beam, then we will have beam equation [7]: 3anuweTbces [B]:
P szz Z3
=2 = | 1
y El [ 2 6 @)
where El is roughness of the plant stem, ne El —opcTkicTb cTebra pocnvHy,
P is drum movement resistance force, P — cuna onopy nepewitieHHo 6apabaHy,
é is dllstagz:je Ifror.n the soil to the section, which is Z — BiACTaHb BiA MOBEPXHi rPYHTY [0 Mepepisy, [e
etermined deflection, ) BU3HAYaeTbCs NPOTUH.
Considering that P = N(cos y + f siny)[5], and Bpaxosyioun, wo P=N(cosy+fsing) [2], a
|
N = —2th , we get: N = 2Bl tgy , oTpumMaemo:
H H2
2El .
P="—siny(L+ figy), (2
H
2
Having substituted equation (2) into equation (1), we MincTasnem BUpas (2) y Bupas (1), oTpumaemo:
get:
: 2 .3
_2sinp(L+ figy)[ Hpz® 2% ). 3
=- SR 2L, 3)
2
We are going to find stem deflection, which corresponds 3Haiinemo  mporwH  cTebna,  wWo 1 Binnosifae
. : . . MakCUManbHOMYy KyTy MOBOPOTY Wmax. AN UbOro y
the maximal angle of rotation wmax. With this purpose we Bupa3 (3) 3amicTb z NiacTaBumo Ho:
will substitute z for Hz in the equation (3):
2sin 1+ ft H
Yooh, = - ! ‘//max( +3 ngax) 2 (4)
In order to find out the dependence between Hi and Ona BusHaveHHsa 3anexHocTi Mk Hi i H2 npwu
Hz2 when the stem fluctuates for the angle wmax by the BiOXWNEHHI cTebna Ha KYT Wmax CUNOK Pmax BU3HAYMMO
power Pmax we find the length of the line [2] in the AOBXVHY KpuBOi [8] Ha npomixky z= 0...Hz:
interval z=0...Ha:
HZ 2
Hy = _[ 1+y” dz )
0
. dy  Puax [ 2H,z 372 P 22
where y =—Z2=--M&}Z ¢ =% |_ M|y ;. —_ (6)
dz El 2 6 El 2

where Pmax is the power on the stem fluctuation on the A€ Pmax - 3Ha4eHHs cunu P npu siaxunenni crebna Ha

angle Wmax , KYT Wmax ,
2El .
Prnax = F'Slnv/max(1+ ftg ¥/ max ) )
2

Taking into account (6), (7) the equation (5) looks like 3 BpaxyBaHHaAM (6), (7) Bupas (5) Habyge Burnagy:
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this:
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0

Thus A, that determines the drum position respectively
the plant stem cut, is equal:

H, -2 2 2)2
Hy = [ o280 Vil 9% ma Hz—2 | dz ®)
1 H4 2 2

2

Togi BenuumHa A, o BM3HA4Yae nonoxeHHs GapabaHy

BiHOCHO 3pi3y cTebna pocnuHu, byae pisHa:

H

9)

d 4sin? (1+ ftg2 ) 22 ?
A:Hl—HZ:I 1+ Vmax Vmad)l 22| dz—-H,
HJ 2

0

RESULTS AND DISCUSSION

Practically, the maximal degree of the angle @max is
limited by the plant stem tenacity. The research with the
field sow thistle stem has shown wmax =30°...45°
Having taken wmax=30°, H2=0...0.5 m, f=0.1, and having
the integral equation (8) solved by the digital method in
the Mathcad v.14, we build the graphs of
interdependences Hi=f(Hz), and A=f(H>) (fig 3).

H,mA m

PE3YINIbTATU

Ha npaktuui makcumanbHe 3HaYeHHst KyTa Wmax
obmexyeTbca MilHiCTIO cTebna pocnuHu. Y  xopfi
BMKOHaHWX JocnigXeHb Ana crebna ocoTy MonboBOro,
BCTAHOBMEHO, WO Wmax =30°...45°% [lpuiHaBLNK
Wmax=30°, H2=0...0,5 ™, f=0.1, i BupiwmBLK iHTerpan (8)
yncenbHUMM MeTogamu y cepegosuwli Mathcad v.14
nobyayemo rpadiku 3anexHocti Hi=f(Hz), Ta A=f(H2)
(pnc.3).

08T OO
= 061 om — [~
-:C:é; ///’ K 7
< 044, 0w ~
3 x L
Ny
s 02, 3 001 "l 1/
&5 < 3 /
0 01 02 03 0% 05

Drum adjustment height H,, m

Fig 3 - The graphs of the functions: 1 - Hi=f(H,); 2 - A=f(H,).

We will find out the dependence of the deflection y
on the rotation angle w. With this purpose let us look at
the equation that describes the geometrical sense of the
derivative:

gy =

From the other side:

BusHaummo, Sk 3anexuTb NporvH y Big KyTa
noBopoTy . [ns uboro po3rnsiHEMO BUpas, Lo onucye
reoMeTPUYHNIA 3MICT NOXIQHOI:

y (10)

3 iHLLIOI CTOPOHM:

d . R
—dz=y =1g(180° —y) = —tgy (11)
Thus: Togai:
P 72
tgy = —| Hyz—— 12
qy El 2 2} (12)

Having substituted the equation (2) into the equation
(12), we get:
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MigcTaBmBLuK BMpa3 (2) y Bupas (12), otpumaemo:
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2Elsiny(1+ figy)
H2EI

Having divided the left and the right part of the equation
(13) into tgy we get:

2cosy(L+ figy)
H

After the number of mathematical transformations the

[sz—
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[sz—

Posginuewn niBy i npaBy 4actvHu Bupasy (13) Ha fgy

ZZ

2

2

YA
=t
2J ay

_ 2siny(1+ ftgy)

13
H2 (13

|

OTpUMaemo:

|

Micna psgy matematMyHux nepeteopeHb Bupas (14) mammve

ZZ

)

Hyz—— (14)

+
2
2

equation (14) looks like quadratic equation: BUIMSA, KBAAPATHOIO PIBHSIHHS:
2H,°
22 “2H,z+——2 - (15)
cosy + fsiny
Having solved it for x, we get the roots: Po3sB’a3aBLUM NOrO BifHOCHO X, OTPUMAEMO KOPEHi:
2H,?
leHz—\/sz——z_ (16)
cosy + fsiny
2H,?
22:H2+\/H22——2 - (17)
cosy + fsiny
We substitute the equation (17) into the equation (3) Bupas (17) nigctaBnsemo y (3) i oTpumyemo

and we get the dependence of the stem fluctuation on
the bending angle:

3anexHicTb BigxuneHHs (NporvHy) ctebna Big KyTa 1Moro
BifrMHy:

2

2 2
Ha H2+\/H22_ ZHi - H2+\/H22_2Hi.
2tgy (cosy + f siny) Cosy + T siny cosy + f siny
o - (18)
H,® 2 6
Having taken H.=0.3m, f=0.1, and y =0...30° MpwiksiBwn H2=0,3m, f=0.1, i @ =0...30°, 3a

according to the equation we build the graph (fig 4) of
the dependence of the stem fluctuation on the angle y:

), m

oTpuMaHuM Bupasom Oyayemo
(Pwc.4) npornHy ctebna Big KyTa y:

rpadpik  3aneXHOCTI

2

Stem fluctuation y, m

1=
[

w

a0

Bending a-ngle v, *

Fig 4 - The dependence on the bending angle

CONCLUSIONS
Theoretical researches done by the authors,
together with the above mentioned laboratory and field

BUCHOBOK
TeopeTnyHi gocnigXeHHsi, BUKOHaAHI aBTopamu, Ta
pesynbTatv nabopaTtopHMX i MOMbLOBUX AOCHIAXEHb,
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experiments, allow to conclude:

- the use of the couplant method allows to avoid the
nonproductive herbicide losses and to assure the
effective abolishment of the top part of the herb and its
root system;

- deflection of the stems under the influence of the
working body of the couplant mechanism depends on
the physical and mechanical characteristics of the
plants, the cut angle and the height of the drum
adjustment;

- according to the results of the field tests of the
equipment, the top part of undesired vegetation is cut
0.25 ... 0.35 m above the ground. Taking into account
these results and the graph (fig 4) the best possible
adjustment of the drum of the contact mechanism is by
0.02 ... 0.028 m under the cut level of the herb;

- reasoning of the couplant mechanisms settings
should be done according to the dependances resulting
from this work.
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HaBefdeHi y Buwe 3rajaHux poboTax aBToOpIB,
[03BONUNN 3pOOUTY HACTYMHIi BUCHOBKMU:

- 3acTocyBaHHA Crnocoby KOHTAKTHOrO — MalleHHs
[O03BOINSE YHUKHYTU HENpOOYyKTUBHWX BTpaT repOiumagy Ta
3a0e3neunTy 3HULLEHHS $IK Ha3eMHOi Tak i KopeHeBOl
CUCTEMW POCITNHY;

- BenuuvHa npornHy creben nig BAMBOoM poboyoro
obnagHaHHA MpPUCTPOKD  Of1A  KOHTaKTHOrO  MalleHHs
3anexuTb Big Ii3VKO-MeXaHiYHMX BNacTUBOCTEN POCIWH,
KyTa ix 3pi3y Ta BUCOTU BCTAHOBIEHHS OapabaHy;

- 9K rokasanu pesynbTaTu MoNboBUX OOCHIMHKEHD
obnagHaHHA, Ha3eMHy YacTuHy HebaXkaHOi POCITMHHOCTI
3pisytoTb Ha BucoTi 0,25...0,35 m. 3 ypaxyBaHHsIM LibOro
Ta rpadiky (puc.4), onTumarnbHOK € YycTaHOBKa
6apabaHy koHTakTHoro npuctpoto Ha 0,02...0,028 m
HIDKYE BUCOTM 3pPi3aHHA HA3eMHOI YaCTVHWN POCHNHM;

- 0Br'pyHTYBaHHSA napameTpiB NPUCTPOID KOHTaKTHOro
MalleHHs1 [OUiNbHO  34iMCHIOBaTU 3 ypaxyBaHHAM
OTPUMaHKX Yy POBOTi 3anexHocTen.
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