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THE CONTACT INTERACTION
DYNAMICS OF THE WORKING
TOOL OF THE MOLE
PLOWSHARE WITH THE SOIL
DURING FORMING PROSESS A
CHANNEL FOR AN ANTI-
FILTRATION SCREEN

Today's realities of agriculture are increasingly prompting
the need for the introduction of technologies for subsoil irrigation,
as a possible tool to obtain maximum efficiency indicators of
agricultural activities of agricultural enterprises. At the same time,
the large-scale introduction of intra-soil irrigation technologies at
the enterprises of the agro-industrial complex is significantly
complicated due to the poor practical and theoretical
development of its methods, as well as the lack of extensive
experimental verification of this method of irrigation.

The development of many processes in the construction
of irrigation and engineering structures requires substantiation of
the geometric parameters and operating modes of the working
bodies that are used to implement these processes. One of the
working bodies that is used to form the cavity along which
communication is stretched is a mole plow, which, depending on
the expected working conditions, may have a different geometric
configuration and size.

The results of investigations of the interaction of the mole
ploughshare with the soil in cavity formation for laying the anti-
filtration screen are describe in this article. The authors propose
to consider the soil in the form of an elastic-viscous model. By
solving the contact problem of the interaction of a rigid body with
a deformed medium, the stress components in the soil on the
contact surface with the ploughshare are determined, and soil
compaction is determined. The components of forces that appear
on the surface of the ploughshare because of its interaction with
the soil are determined depending on its geometric parameters
and the mechanical properties of the soil. This solution is a
general approach for the analytical solution of the class of
problems of the contact interaction of a rigid body with a
deformable medium possessing the properties of elasticity and
viscosity.

Key Words: Intra-soil irrigation, mole plow, soil, contact
interaction, plow surface configuration, mechanical properties of
soil, stress components, components of soil resistance forces to
movement of the share mole plow.

Introduction. The development of many the geometric parameters and tools operating
processes associated with changes in soil modes that can be used to implement these
properties in the construction of irrigation and processes. One of these tools is a share mole
engineering structures requires the justification of  plow. There is a necessity of laying humidifiers
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together with an impervious screen for save water
and for best spread it in the horizontal direction
under in-soil irrigation of agricultural plants [1].

For the forming of the soil cavity, where
the anti-filtration screen will be laid, a mole
ploughshare can be used.

At the same time, the geometric
parameters of the share must ensure a sufficient
compaction of the cavity walls in the soil with
minimal energy expenditure.

An analysis of recent publications shows
that the most adequate method of formalizing the
soil for solving problems of finding rational
geometric forms and tool movement modes is the
method where the soil can be represented as a
continuous deformable medium with its inherent
properties such as elasticity, viscosity and
plasticity. [2-4].

Such solutions allow us to use analytical
methods to find the components of deformations,
stresses, component forces of resistance to tool
movement and for determine the direction of
changes in soil density or even changes in the
density itself.

That is, the solution of the problem before
the onset of plasticity or the destruction of soil
continuity makes it possible to predict the
development of further processes of changing its
properties, depending on the geometric
parameters and the tool movement modes.

A large number of studies have been
devoted to the solution of problems on the contact
interaction of a rigid body with a deformed
medium. However, it should be noted that mainly
experimental methods of research or methods of
numerical modeling using finite element methods
are used. [5-8]. This significantly limits the
generality of the results obtained and does not
allow them to be extended to a wider class of
solved problems.

Gt

O,

X

Gt

Oy

o,

Gt Gt

Txy = 29277(“‘,)77(1"' V)yxy ’ Tyz = 2e2’7(1+|/)77(1+ V)j}yz 1Ty = 262"(1+V)77(1+ V)jlxz'

where 010y 0, Ty Tyn Ty — the components of
normal and shear stresses; 1,,7,,%,,7:7q: 7, —
the velocity components of normal and shear

= gez'iﬂ*”n(n v)(61, —3(7, +1,) -
= gez'“l*")n(lJr v)(=3(t, — 21, +1,) -

4 Gt
=3 e (@ +v)(-3(t, +1, —21,) -

82

ma mexHorsoegissx
2020

In this regard, the aim of the research is
the determination of the stress components in the
soil, its compaction and the forces components on
the ploughshare surface because of its interaction
with the soil, depending on soil mechanical
properties, geometric parameters and motion
speed of mole plowshare.

Results. When solving the problem about
interaction of the ploughshare with the soil, a soil
model was adopted in the form of a viscoelastic
medium, which can be formalized by the Kelvin-
Voigt model.

The general scheme of the interaction of
the mole plowshare with the soil at the formation of
the cavity for laying the anti-filtration screen shown
in Fig. 1 of the article [9].

The following notation is adopted in the
figure: the coordinate system xyz represents the

coordinates of the soil half-space and coincides
with the share mole plow coordinate system &nd,
H - the ploughshare running depth relative to the
field surface fs, B, — the working width of the
ploughshare, N, — the normal to the plane of the
ploughshare.

The equation of the working part of the
surface of the ploughshare in the coordinate
system &£nd idem xyz has the form of equation of
plane:

fI =£+r__77+w =0
a b c

The introduction of this height to equation
defines the displacement of the center of the plane
to the origin in the direction of the axis o [9].

Based on previously published results
[10], the stress components for the Kelvin-Voigt
model are expressed as follows:
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strains; G — elastic modulus of shear strains,
G =E/(2(1+v)); » - the coefficient of viscosity of
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shear strains, E - elastic modulus of linear

For the specific problem in the model (1),
strains, t — deformation time, v — Poisson's ratio.

when analyzing the interaction of the ploughshare
with the sail, the following notation is adopted:

O-x:GxI'O-y:O-yI'Gz: zI'Txy :Txyl’z-xz:szl’Tyz:Tyzl’
Tx:TxI'Ty=TyI’Tz =Ty }/xyzyxyl’yxzzyle'yyz =7sz

The obtained expressions are
cumbersome, therefore of in this paper they are

not given, and graphical interpretation of

components of the stresses are shown in Fig. 1
and Fig. 2.
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Fig. 1 Graphs of the components of normal stresses o

4.0, depending on the soil
properties E,7, on the speed VvV, of the share mole plow and on the coefficients a,b,c of the
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Fig. 2 Graphs of the components of tangential stresses ¢
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Txal 1

o' Tt Ty d€PENing on the soil

properties E,7, on the speed V_ of the share mole plow and on the coefficients a,b,c of the
equation its plane

The analysis of these functions of the
stress components changes showed that the
increase of the elastic modulus E and viscosity 7,

leads to increase of all stress components.
The increase in the share mole plow
forward speed V,, leads to a linear increase of the

stresses components, which is more pronounced
when the soil's viscosity modulus increases.

The influence of the slope angles of the
surface normal of the share mole plow is the same

BVW =m In[aloﬁ“ +rm|2J+n(TL'I)+b;p| = p, +bln[o, L+ z,)],
O-m

where BVW - the volume change of the
soll, referred to the weight [m*/xg |, p, — the final

density of the soil [xg/m*], p, — the initial density
of the soil, o,, —the mean or hydrostatic stress in
the considered volume, 7, —the maximum shear
stress in the considered volume, m,n,b — empirical

coefficients that are specific to a certain type of
soil at different humidity and are subject to
experimental determination.

The magnitude of the hydrostatic stress is
defined as o, =(o,+0,+0,)/3, and the

maximum shear stress for the applied solutions,
according to the research Novozhilov [13], can be

("n:n'P(’ |

that is shown for the components of the strain
rates.

Under the influence of the stress-strain
state of soil at the interface with the tool, the
density of the soil is changed. The most well-
known regression that link the density change of
the soil with changes in stress are expressions
[11-12]:

@)

represented by the RMS value of the components
of the tangential stresses in the form:

\/(Txy,z +sz|2 + Tyzlz )/3

Fig. 3 shows the functions of the
hydrostatic stresses and maximum shear stresses
from the soil properties and parameters of the
share mole plow.

Using the second of the expressions (2)
and considering that for a specific soil at a certain
its state value b=const, we can construct density
variation equations of the soil from its mechanical
properties, geometric parameters of the tool and
its speed.
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Fig. 3 Graphs of the hydrostatic stresses and maximum tangential stresses o,,,7,,in soil
depending on its properties E,7, on the speed V, of the share mole plow and on the coefficients
a,b,c of the equation of its plane

These functions in the final form has not
be given within the publication, and their graphic
interpretation has been presented in Fig. 4.
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Fig. 4 Graphs of changes in soil density p, in the zone of contact with the share mole plow
depending on soil properties E,#n, on the speed V,, of the share mole plow and on the
coefficients a,b,c of the equation of its plane

The distributions of the soil pressure where dF,,dF,,dF, — the projections on
gon:jpc;nen_ts tg tfhe sutrrface of_l_sbhare mole dg{!ow €aN " the corresponding coordinate axis of soil pressure
€ determined from fhe equilibrium conditions on components to the tool surface, I,m,n — the

the surface: o )
direction cosines of the normal to the tool surface.

_ The integration of expressions (3) on
e projections, which are perpendicular to the indexes
m +oy,n, () of components of pressure, gives us the
magnitude of the resistance forces to movement of
tool in the soil:

dF, =0, +T M + 7,0, dF Txy||| +om +7,0;
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where —r,r;B;L, — projections of the geometric

dimensions of the share mole plow on the axis
0z,0y,0x, respectively.

The expressions (4) in the final form has
not be given within the publication (due to their
bulkiness).

The total resistance to the movement of
share mole plow in the soil consists of components
of soil resistance F,,F,,F, and friction forces,

x5yl oz

projected on the direction of movement on the tool
surface. Then the total resistance force is
expressed as follows:

Fxt=F, +(\I(Fy, miY? +(Fy )P Jgw, ()

where v —the angle of external friction of soil to

the surface of the share mole plow.

Fig. 5 shows the functions of total
resistance to the movement and the change in soil
density for the closest to the rational values of
coefficients of plane.

The main change that is an achieved
during the operation of share mole plow should be
compaction of the soil in order to keep the space
for the screen that pulling in it. At the same time,
soil density should increase. Since it is impossible
to influence the mechanical properties of the soill, it
is possible to achieve its maximum compaction by

< b

varying the inclination angles of the normal to the
surface of the share in relation to the axes of the
coordinates of the soil space and by changing the
speed of the translational motion of the tool.
Analysis of the influence of the coefficients
a,b,c of the equation of plane to the change of the
soil density (Fig. 4) showed that the slope
coefficient b has no effect on the change of the
soil density p,, but the increase of the coefficient

a leads to an increase of the soil density in the
contact zone.

Similarly, the reduction of the coefficient ¢
leads to an increase in the soil density. In addition,
the increase of the speed of the translational
movement V, of the tool leads to the increase of
density too. At the same time, it is necessary to
take into account the change in the components of
the resistance forces to the movement of the tool
(Fig. 5).

Thus, increasing speed V,_, reducing of
the coefficient ¢ and increasing of the coefficient
a leads to increase the resistance forces to
movement of the tool. That is, to obtain the
necessary compaction of the cavity walls for
ensure an unobstructed pulling of the screen, need
to spend a lot of effort.

LIS . 3
Akgim™ Y

Fig. 5 Graphs of the resistance to movement of the share mole plow Fxtin the direction of
movement of the tool and changes in soil density p, depending on the soil's viscosity modulus
n,on the speed V,_, of the share mole plow and on the coefficients a,b,c of the equation of its
plane
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The above is a particular solution of the
problem of the interaction of an absolutely rigid
deformer with a deformed medium in order to
ensure a change in its density.

In a more general case, this approach
can be used to solve a wider class of problems of
the contact interaction of an absolutely rigid
deformer with a more complex geometric shape.

By solving such problems, it is possible to
find the distributions of strain components,
stresses, and also their functional dependencies.
This makes it possible to determine the zones of
possible changes in the properties of the
deformable medium and the zones in which the
structure discontinuity of this medium are
possible.

In addition, this approach allows us to
predict the energy costs for these processes,
depending on the mechanical properties of the
deformable medium and the geometric
parameters of the deformer.

At the same time, such analytical
solutions often make it possible to dispense with
the use of complex computational experiments
and have sufficient generality.

Conclusions. Research have shown that
to ensure an unobstructed pulling of the screen
(minimal friction of screen along the walls of
cavity) the share mole plow can be made in the

form of a plane with the lowest possible
coefficients b<1, and c<-1 at that the
coefficient a— -2, taking into account the

geometric dimensions of this plane. With these
parameters, the plane of the share mole plow will
provide maximum soil's compaction with least
possible resistance to movement of the tool.
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ANHAMUKA KOHTAKTHOIO
B3AMMOOENCTBUA PABOYEIO OPIFAHA
KPOTOBOIO NMNYIA C MOYBOW NPU
DPOPMNPOBAHUN KAHANA OnNA
NMPOTUBOPUNBTPALUMOHHOIO 3KPAHA

CoBpeMeHHble peanuu 3emnenenvst Bce
yalle nobyxaawT K Heob6XoauMoCTU BHeapeHUs
TEXHOMOMMN BHYTPUMOYBEHHOINO OPOLUEHUS, Kak

BO3MOXHOIO WHCTPYMEHTa nonyyeHus
MakcuMMarnbHbIX MokasaTenen addeKkTnBHOCTH
CeIbCKOXO35IMCTBEHHOM DeaTenbHOCTU

nNpeanpuaTUiA - arponpoOMbILLIEHHOIO KOMMSEKca.
BmecTte ¢ Tem, wupokomacwTabHoe BHedpeHue
TEXHOMOMMN BHYTPUMNOYBEHHOIO OpPOLUEHUS Ha
npeanpuATUAX arponpoMbILLNIEHHON0 KOMMMeKca,
CYLLLECTBEHHO YCITOXHSAETCSH MO NpuyuHe cnabown
npakTU4eCcKom N TeopeTU4eckon pa3paboTKon ero
npuemMoB, a TaK >Xe OTCYTCTBUEM LUNPOKOU
SKCMEepUMEHTanbHOM MPOBEpPKM 3TOro cnocoba
nonusa.

Paspabotka MHOrMx mnpoueccoB npu
CTPOMTENBLCTBE WPPUTauMOHHbBIX U MHXEHEPHbIX
COOpPYXKEHWMN, Tpebyet obocHoBaHus
reoMmeTpuyecknx napameTpoB U  PEXUMOB
paboThbl pabo4mx opraHos, KoTOopble
NPUMEHAIOTCA AN peanu3aumm 3TUX NPoLLEeCcCcoB.
OgHuM  u3  pabounMx  OpraHoB  KOTOPbIA
ucnonb3yetca Ansi obpas3oBaHUA NOMOCTM MO
KoTOpOW npoTArnBaeTcs KOMMYHWKaLUnNs
ABNSIeTCH KpOTOBaTerb, KOTOPLIN, B 3aBUCUMOCTU
OT npegnonaraemMblX YcrnoBuin paboTbl MoOXeT
obnapatb pasnu4Hon reomeTpuyecKom
KOHpurypaumen n pasmepamu.

B cratbe npeactaBneHol pesynbTaThl
nuccrnefosaHum B3auMoOencTBuUs nemexa
KpoToBaTens noysov npu obpasoBaHun
nonocTu ans npoTArnBaHus
NPOTUBOMUMNBLTPAUMOHHOIO  3KpaHa.  ABTOpbI
npegnaralwwT paccmaTpuBaTb MNO4YBY B Buae
yrnpyro-Bsaskon  mogenu. [lytem  pelleHusd
KOHTaKTHOWM 3ajayv B3auMoAenCcTBMA abCoNOTHO
TBepaoro Tena ¢ pgedopmMmuvpyemMon cpenown
onpegeneHbl KOMMNOHEHTbI HaMpPsXXeHW B noyse
Ha MOBEPXHOCTM KOHTAKTa C NemMexoM, a Takxe
ynnoTHeHWe noysbl. OnpegeneHbl KOMMOHEHTbI
Cun, KOTOpble BO3HMKAIOT Ha MOBEPXHOCTU
nemexa B pesynbTaTe ero B3auUMOAENCTBUSA C
Nno4yBoM B 3aBUCMMOCTU OT €ro reomeTpuyeckux
napamMeTpoB U MEXaHWYEeCKMX CBOWCTB MNOYBbI.
[aHHoe pelleHne ABNSeTCA OOLWWUM MNOAXOA0M
ONs  aHanuMTU4ecKoro pelleHus kracca 3ajad
KOHTaKTHOro B3aNMOLENCTBUS abconoTHO
TBepgoro Tena ¢ gecopmumpyemon cpenon,
obnapgatoLien CBOMCTBaMuU ynpyrocTu 1 BA3KOCTMU.

Knroyeenie cnoea: 8Hympurno4yeeHHoe
opoweHue, Kpomosamersb, no4yea, KOHmMakmHoe
g3aumooelicmeue, KOHuaypauus rnogepxHocmu
nemexa, MexaHu4yeckue ceolicmea  [104ebl,

C
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KOMIMOHEeHMbI Haﬂpﬂ)KeHUU, KOMIMOHeHmMbI cuisl
coripomuseJsieHuUs ro4ebl 08UXXKeHUI iemMexa.

OVWHAMIKA KOHTAKTHOI B3Aemofli
POBOYOIo OPrAHA KPOTOBOI'O MNYTrA 3
I'PYHTOM MPU ®OPMYBAHHI KAHANA OnA

NMPOTUPILTPALIMHOIO EKPAHA

CyyacHi peanii 3emnepobctBa  Bce
yacrTiwe CMOHYKalTb o BNPOBagKEHHS
TEXHOMOrIN BHYTPILLHLOIPYHTOBOrO 3pOLLEHHS, 3
METOK OTPUMaHHS MaKCUMarnbHUX MOKa3HUKIB
€(PEKTMBHOCTI CinbCbKOrocnoaapChbKoi AisifibHOCTI
nignpuUeEMCTB  arponpoMMUCIIOBOTO  KOMIFIEKCY.
Pasom 3 Tum, wmpokomacluTabHe BNpOBamXeHHS
TEXHOSOrN BHYTPILWHLOI'PYHTOBOrO 3pPOLLEHHS Ha
nignpuemMmcTeax arpornpoMUCIOBOr0  KOMIFEKCY,
CYTTEBO  YCKNAAHIETLCA 4Yepe3 HeJoCTaTHIo
NPaKTU4HY | TEOPETUYHY PO3PODBKY MOro NpUMOMIB
Ta BIiOCYTHICTIO LUMPOKOI  eKCrepuMeHTanbHOI
nepeBipkn LbOro cnocoby nonuey.

Pospobka Garatbox  npouecis  npwu
OyaiBHULTBI ipUrauinHnx Ta iHXeHepHUX crnopya,
BUMarae 0BrpyHTYBaHHSA reoMeTpU4HmX
napameTpiB i pexumis poboTn poboumx opraHis,
sIKi 3aCTOCOBYIOTbCS ANSA peanisauii unux npoLecis.
o nepeniky Takux pobouMx oOpraHie, LIO
BMKOPUCTOBYETLCA AN (POPMyBaHHSA ['PYHTOBMX
WifMHW N0 AKMX  MNPOTAryHTbCSA  KOMYHiKauii
HanNeXmnTb KPOTOBUKM NAYr, KA, B 3aNeXHOCTI Big
YyMOB pobOTM MOXEe MaTu pi3HYy reOMEeTPUYHY
KOHdirypauito Ta po3mipw.

Y cratTi npegcTtaeneHi  pesynbTaTtu
OOCrnifKeHb  B3aeMofii  NEeMIWHOl  4acTuHM
KPOTOBOrO nnyra 3 T[PYHTOM TMpu YTBOPEHHI
NOPOXXHUNHMN ans NPOTAryBaHHS
npoTuUdIinbTpauinHoro eKpaHa. AsTOpH
NPOMOHYIOTb PO3rNaAgaTu FPYHT Yy BUIMAAI NPY>XHO-
B'A3k0i mogeni. LUnsxom BUpilLEHHS KOHTaKTHOI
3agadi B3aemogii abconoTHO TBepporo Tina 3
nedopmoBaHuM cepefoBuLLEM BU3HAYEHI
KOMMOHEHTU HarnpyXeHb B [PYHTIi Ha MOBEPXHI
KOHTaKTy 3 nemMelleM, a TaKkoX YLiNbHEeHHS
r'pyHTy. BwusHayeHO KOMMOHEHTM cun,  SKi
BVHMKaIOTb Ha MOBEpPXHi femelwla B pesynbrari
noro B3aemogii 3 rpy

HTOM B 3anexHoCTi Bif noro
reoMeTpU4HmX napameTpis i MeXaHi4YHUX
BNacTUBOCTEN I'PYHTY. [laHe pilleHHs € 3aranbHUM
nigxoaom Anst aHaniTUYHOro pilleHHs Knacy 3agad
KOHTaKTHOI B3aemMogii abcontoTHO TBepaoro Tina 3
JedopmoBaHuUM  cepefioBulLEM, WO  Bonogie
BNACTUBOCTSIMU MPYXHOCTI i B'A3KOCTI.

Knro4doei cnoea: eHympiliHboOrpyHmose
3DOWEHHS, Kpomosul rinye, rpyHm, KOHmMakmHa
83aemo0isi, KOHbigypauis rnoeepxHi rnemewa,
MexaHiyHi enacmueocmi rpyHmy, KOMMOHeHmu
Harpy>eHb, KOMIIOHeHMU CUsl Ofopy rpyHMy pyxy
nemewa.
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