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INFLUENCE OF GEOMETRIC
PARAMETERS OF THE
TREATMENT SHOWER ON THE
DEFORMATION
CHARACTERISTICS OF THE SOIL
WHEN FORMING A CAVITY FOR
AN ANTI-FILTRATION SCREEN

The article presents the results of studies of the interaction of
the plowskin part of the mole farmer with soil. The purpose of the
study is to determine the rates of relative deformations depending on
its geometric and kinematic parameters. This will make it possible to
determine the magnitude of the stress components and soil density
functions that depend on these stresses. In addition, this will allow us
to determine the strength of the soil resistance to the movement of the
plow share of the mover.

The sail is presented in the form of a model of a viscoelastic
medium in such a way that bigaromic potential functions can be used
to analyze the interaction, since the final equations are reduced to a
system of elliptic equations. Such a statement of the problem and its
solution make it possible to obtain dependences of the relationship of
the geometric parameters of the ploughshare part of the mover with
the components of the strain rates of the soil, as well as the
mechanical properties of the soil on the surface of its contact with the
ploughshare. These expressions are the initial ones for the further
determination of the components of stresses in the soil, which make it
possible to determine the compaction of the soil on the walls of the
formed cavity for drawing the anti-filter screen and the components of
the resistance forces to the ploughshare.

Obtaining the final expressions of soil compaction on the
molehill walls together with the dependences of the resistance forces
will allow us to determine the geometric parameters of the working
body, with various mechanical properties of the soil, to ensure the
stability of the molehill walls with minimal energy consumption.

Such a solution is common for a certain class of problems on
the interaction of the working body with the soil, which is represented
by a deformable medium in order to determine the directions of
changes in deformations or their velocities in order to use them to
determine stress components that will allow you to find zones of
possible plastic deformations and destruction of soil continuity.

Keywords: components of deformations or stresses,
component of traction resistance, ploughshare working body,
biharmonic potential function, components of displacement velocities,
continuum theory, component of relative deformations, component of
stresses in soil, ploughshare share.

To preserve  for the formation of a cavity in which the screen should

moisture (reduce the penetration of water into the be laid by the broaching method, it is possible to use a
deeper layers of the soil) and better distribute it share working body, the justification of the geometric
horizontally during intra-soil irrigation of agricultural parameters and operating modes of which is an
plants, it becomes necessary to lay humidifiers urgent scientific task.

together with an anti-filter screen [1]. At the same time,
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The solution to this problem allows us to
establish functional dependences of the influence of
the geometric parameters of the working body and the
mechanical properties of the soil on the distribution of
the rates of its deformations and stress components.
This makes it possible to predict the presence of
zones in which the ratios of stress components
correspond to the transition to a plastic state up to
destruction of continuity for a certain plasticity criterion
during the interaction of a working body with soil.

An analysis of research and publications
[2-7] shows that in order to solve this problem,
formalization of the soil as the medium on which the
action of the working body is directed, as well as
formalization of the interaction of the working body
itself with the sail, is necessary. Most often, models
are used that are more reminiscent of interaction with
an absolutely solid body, or models used in the
classical theory of soil mechanics, which are based on
the mechanics of granular media [8]. In addition, when
constructing interaction models, either one-
dimensional models are used, or in the best case, flat
solutions that do not always reflect the real process of
changes in the properties of the soil (soil) under the
action of the working body [6, 7]. Recent publications
indicate that the soil is often presented as a
viscoplastic or purely plastic medium. For this, either
experimental research methods or numerical
modeling methods using finite element methods are
used [10-12]. However, such research methods do not
make it possible to obtain functional dependences of
the relationship between the components of the strain
rates and stresses depending on the geometric
parameters of the working body, and therefore,

ma mexHoJs1o2isIx
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numerous physical or numerical experiments are
necessary.

It should be noted that the soil density under
the influence of the working body changes in the
function of changing all six components of the
deformations or stresses, which cannot be displayed
in a flat statement of the problem, and even more so in
a one-dimensional one. In addition, such statements
of the problem do not allow us to determine all three
components of the resistance to movement of the
working body in the soil. Therefore, the problem of the
interaction of the working body with the soil in a three-
dimensional setting with the establishment of the
relationship of geometric parameters and operating
modes of the working body itself and changing the
properties of the soil, as well as the component of
traction resistance, is urgent and requires a solution.

In this regard, the aim of the study is to
determine the rates of relative deformations in the
contact zone of the plowshare plow share with the soil,
depending on its geometric and kinematic parameters.
This will make it possible to determine the magnitude
of the stress components and soil density functions
that depend on these stresses. In addition, this will
allow us to determine the strength of the soil
resistance to the movement of the plow share of the
mover.

The results of the study. For the formation of
a cavity in which the screen should be laid by the
drawing method, a ploughshare working body can be
used, the movement scheme of which is shown in
Figure 1. The following notation is used in the figure:
coordinate system xyz

represents the coordinates of the half-space
of the soil and coincides with the coordinate system of

the ploughshare of the mover §ﬂ§ , H

ploughshare stroke depth relative to the field surface
n.n., B,— working width of the share, N,— normal to

the share plane.

77

The equation of the working part of the
ploughshare surface in the coordinate system ¢&nd

idem xyz has the form of a plane equation:
r— r/2)-
g,.r-n (l29)-¢ _,

f=
a b c
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The introduction of the latter into the equation
determines the displacements of the center of the

where a, b,c — are the coefficients that determine the  plane to the origin in the axis direction og .
slope of the plane to the corresponding coordinate The cosines of the angles of inclination of the
axes 0&,0n,0,, r — the height of the vertical normal to the surface to the coordinate axes are

projection of the share, which is determined by the ~ €xpressed by the dependencies:
installation height at the attachment point.

8f|/6§ :%[a 1+1+1j
J@, /06) + (@, Jon)? + (o, /o )? a b

m = of, jon =—%[b 1+1+1J
" @, j0gy + (@, Jon)? + (o, 0g)’ a? b ¢

n = of, jog :_%( 1+1+1CJ
" (@, /08y + (o, Jon) +(of, JOC)? a’ b’ c?

The speeds of soil movement on the the projection of the velocity on the normal to the
ploughshare surface are determined on the basis that  ploughshare surface has the form V,, =V, /1,.

Vio :an m, :_avm/b;wlo :an n :_avm/C;uIO :anll :Vm

Analytical solutions for contact problems are  their initial values. For our case, this means that the
possible only in an elastic or elastic-viscous velocity components for the ploughshare have the
formulation. Moreover, these solutions are allowed  fomm: u v
only for the case when, with successive substitutions
of geometric equations in the physical equations for Wi, .o, . ..o =Wo- The second condition, which
the relationship of stresses with strains and further biharmonic potential functions must satisfy to
substitution of the obtained stress components in the determine the velocity components, has the form:
equations of static (dynamics) of a continuous U| 0 V| ’ 50
medium, elliptic equations are obtained. In this case, a Hx—g=0,y-n=00,2-¢ =0 ' ! '
solution can be found using biharmonic potential
functions that satisfy the conditions on the contact
surface of the body (coordinate system) and the
medium with which it interacts (coordinate system
xy,2), i.e. when x-&=0,y-1n=0 z-¢=0
velocity components (displacements) are equal to

X-£=0,y-7=0,2-¢=0 Uio Vi |x—§:0,y—q:0,z—§:0 = Vo>

X—E=00,y—n=0,2—-{ =0

W||X7;=w ynmzcn —> 0. Such biharmonic potential

functions, according to [9] have the form:

i 8 Uy (X—& +5) |
! _'!.:[r (X=& +8) +(y—m +6)° +(z2-¢ +0)*)*? déidn,;
r by B
v, :” 8 Vio (Y =17, +9) G

‘o (x=4 +0)? +(y—77|+5)2+(z_é~|+5)2)3/2 .
W :ﬂ 8 Wiy (2—=¢, +0)
=&Y (y-m 0 + (24 +0))

5z d&dm,

where L, :_Bcog(l/a) — projection of the share Biharmonic potential functions must satisfy the

- 2 _ _
length in the direction of the axis o&, B — projection equation A°f =0, where A- Laplace operator,

of the share length in the direction of the axis oz, f ={U|,V.,W.}.

4 a Due to the complexity of integrating equations
s 2 2 - (1), which are the components of the speeds of
7 Log[-o+ J§\/5_] ~Log[o+ \/5\/5_] movement of sail in space in front of the working body,

coefficient ensuring the fulfilment of the initial in general, the problem of finding the distribution of
conditions when introducing a small quantity, which  speeds of movements, rates of relative deformations,
eliminates the singularity of expressions (1).  stress components in a differential form, like this was
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proposed in [5]. The essence of the method is that to
find the components of the strain rates, it is assumed
that the equations (1) are differentiated according to
geometric equations (Cauchy equations) of the theory
of continuous media. This allows you to get rid of the
complex operations of integrating equations (1) in a
general way, and perform research in the form of
differential components, and switch to the integral
form at the stage where the final dependencies are

d2 Br

3, Ujo (X —
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determined. At the same time, due to the
cumbersomeness of expressions, at the last stage,
numerical integration methods can be applied.

For this, it is possible to transform equations
(1) in such a way that as a result, the components of
the differential components of the components of the
displacement rates of the soil (soil) in front of the
working body will be obtained:

g +9)

du, = dg,dn, =
' dpdg, ” (&0 +(y—m 1oy + - oy o
_ 15aV, (z+6 -G )(y+o—n)(X+6—-&) |
(Z+8-&)+(y+8—m) +(x+5-&)*)""
2 rb
dv, = d J' . aovlo(y_77k2+5) —__dEds, =
dg dg 5o (X=& +6)" +(y—m +6)" +(z2-¢, +6)7)
__ 15aaV, (z+5-g)(y+5-n)(x+5-&) .
b(z+6-8) +(y+5-m) +(x+5-&)")"’
dw, = d2 jz. 2 aovvm(z—g“,2+5) ___dedn, -
dn dg 7o (X=§+6)" +(y—m +0)" +(2-¢, +9)") ©
__ 15aaV, (z+6 - )y +6—m)(x+5-&)
C((z+6-¢) +(y+5-m)" +(x+5-§))"
From equations (2), one can obtain the (soil) using geometric equations (Cauchy
differential components of the strain rates of the soil equations):
g6 = gy 1V (@48 -E)y+S-m)(@+5-¢) +(y+I-n) ~6(x+5-§)").
Tod (@+6-&) +(y+5—m) +(x+5-4)")"
do :idv _ 10588V, (2+5=&)*(y +6 —1)(x+5 &) _
oyt (@S -¢) (Y -n)t +(x+5-4))"
15aaV, (y+5—n)(x+5-&)
o246 -5 (y+S-n) +(x+5-8) )”2’
do, =%dwI =158V, (0 - ¢, +7)x
780 -§+X)°(0-m+y) A-n+y)(0-§+X)°+(@E-n+y) ' +(6-¢+2)") 3
b b
TG+ -1+Y) + =G+ =& +X) + (-1 +Y) +(6 -4, +2)")

((6-&+x)°

. d
dyxyl =d_ydul

+(E-n+y)*
+%dv| =15aV, (0 -¢, +7)x

+(0-¢+2))"

780§ +X)* (5 -n +y) _aE-n+Y)(E =& +X)* +([F—m +y)* +(5-¢ +2)°)

b

b

A0 -G +X)(E -, +Y) =S+ (=& +X)* +(5 - +Y)* +(5 - +2)°)

(=& +X)"+(@-m+y)' +(6-¢ +2)")"

d
dy,, =—adu
yle dZ |

X

_AO-G 20§ +X) +(E-m+Y) +(0-¢ +2)°) TAO-§+X (0§ +2)

C

C

AHO—6 +X)(0 -4 +X)°+( - +Y)' +(6-¢ +2)°)-T(E-§ +X)(6 =, +2)°

(=& +X)°+(@-m+Y) +(5-¢ +2)°)"
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Where déxl' d(‘)I’ d62|' dj}xyll dyle’ dj}yzl

y!
components of the differential velocity components of
the relative normal and shear deformations of the soil
before the share.

To understand the nature of the impact of the
working body in the zone of direct contact with the sail
(soil), namely its geometrical shapes and sizes, the
changes in the components of the relative
deformations of the expression can be integrated (3),
according to the expressions (1). In this case, it should
be borne in mind that the zone of direct contact is
subject to analysis, namely the conditions:

{$-2=0,7-y=0,§-x=0}, This  greatly
simplifies expressions (3). Unfortunately, in expanded
form, give the final expressions of the strain rate
components Gy, S, Oys Vs Vs Vyu » Within the
article is not possible due to the cumbersomeness of
the final expressions. A graphical interpretation of

these expressions is shown in Figures 2 and 3.
The analysis showed that the influence of the

—

<A,
ety
ST S
S e :
R

o :“s‘v *\fo"
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coefficients of the plane equation on the change in the
normal components (Fig. 2) of the strain rates is
characterized by the following relationships:

1) a decrease in the angle of inclination of
the surface to the longitudinal with respect to the
direction of movement of the axis leads to an increase
in  the rates of normal deformations
9,9, (compression) and a decrease in the normal

strain rate transverse to the direction of motion ¢, .

2) change in the inclination of the normal to
the plane to the axis transverse to the direction of
motion b, leads to a decrease in strain rate
components g,,6, and at very small values, to a

Xl
decrease in the component ¢, ; with an increase in the
inclination of the normal to the plane to the axis oz
(value c) the components of the strain rate decrease

g, , and the component ¢, remains unchanged.

-

Oxl '

P

T T
R
AR

S
P
DNy
NI

TR
T J%“S‘“{k\"&
‘u‘:‘t

@
=1

\“‘1&‘ =Ls

Fig. 2— Graphs of the normal components of the rates of relative normal deformations of the soil

Q

Xl

9,6, depending on the coefficients a,b,c plane equations
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Fig. 3— Graphs of tangent (shear) components of the relative deformation rate of the soil 7,77,

depending on the coefficients a,b,c plane equations

It should be noted that the decrease in the
angle of inclination of the normal to the plane @ leads
to a decrease in all three components of the shear
strain rate y,,,7u.7,, ; INcrease in the angle of

inclination of the normal to the plane C — to decrease
PwrVy » Wherein -y becomes unchanged.

Decrease in value b leads to an increase in
components y,,, 7,, and does not affect the change

7}sz (flg 3)

Findings. As a result of the analysis, the
components of the rates of relative deformations of the
soil on the surface of contact with the plowshare share
are obtained. These expressions are the initial ones
for the further determination of the components of
stresses in the soil, which make it possible to
determine the compaction of the soil on the walls of
the formed cavity for drawing the anti-filter screen and
the components of the resistance forces to the
movement of this working body. Obtaining the final
expressions of soil compaction on the molehill walls
together with the dependences of the resistance
forces will allow us to determine the geometric
parameters of the working body, with different
mechanical properties of the soil, to ensure the
stability of the molehill walls with minimal energy.

Such a solution is common for a certain class

81

of problems on the interaction of the working body with
the soil, which is represented by a deformable
medium in order to determine the directions of
changes in deformations or their velocities in order to
use them to determine stress components that will
allow you to find zones of possible plastic
deformations and destruction of sail continuity.
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BMNnvB rEOMETPUYHUX NAPAMETPIB JIEMEXA
KPOTOBATENA HA AE®OPMALINHUX
XAPAKTEPUCTUK TPYHTY NMPU CTBOPEHHI
NMOPOXHWHW ANA NPOTUGINIETPALINHOIO

EKPAHA
Y cTarTi HaBOOATLCS pesynbTaTu
JocnimkeHb B3aemogii neMiLHol YyacTUHK

KpoToBaTenss 3 rpyHToOM. Y 3B'A3ky 3 UMM METOH
JOCTIMKEHHA € BM3HAYEHHs LLBUOKOCTEN BiOHOCHUX
aedopmMauii B 30HI  KOHTaKTy mEMILLHOI YacTUHU
KpoToBaTenss 3 [PyHTOM B 3anexHOCTi Bid WOro
reoOMeTpPUYHMX |  KHEMaTU4YHMX napameTpiB. Lle
YMOXIVMBUTb  BU3HAYEHHA  BEMWYMH  KOMMOHEHT
HanpyxeHb i PYHKL|R LiNbHOCTI IPYHTY, 5K 3anexatb
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Bi4 umx Hanpyr. Kpim TOro, ue [03BOMUTL HaMm
BM3HAYUTU CUIy Onopy IPyHTY NEpPEMILLIEHHIO feMeLLi
KpoTtoBsatensi.

I"pyHT npeacraBneHun y Bumsadi mMogeni
B'A3KOMPYXXHOTO CcepefoBuLLa TakvM YMHOM, LLO OS5
aHanisy  B3aemofdii  MOXNIMBE  BUKOPWUCTaHHSA
BirapOMHIYHUX NOTEHLNHNX PYHKLIi, OCKISNIbKU KiHLIEBI
PIBHAHHSA 3BOAATHCS 40 CUCTEMU EMINMTUYHMX PIBHAHD.
Taka noctaHoBka 3agadi i 1i pilleHHs [03BONSA0TbL
oTpuMaTM  3anexHocTi  3B'A3Ky  FeOMETPUYHUX
napameTpiB NeMilHOI 4YacTMHW  KpoToBaTens 3
KOMMOHEHTamMu LBMaKocTen dedbopmaLinn rpyHTy, a
TaKOX MEXaHIYHUX BNacTUBOCTEN IPYHTY Ha NMOBEPXHI
Tl KOHTaKTy 3 nemiwem. Lli Bupasn € BuxigHuMun ans
noJanbLUIOoro BU3HAYEHHS KOMMOHEHT HanpyxeHb B
rPyHTi, K [JO3BONSOTb BU3HAYUTM  YLLNIBHEHHS
IPYHTY Ha CTiHKax YTBOPEHOi MNOPOXHWUHW AOns
NPOTAryBaHHA  NPOTUMINBTPALIAHOIO  ekpaHa |
CKNagosi curn onopy pyxy nemitua.

OTpuUMaHHs KiHUEBUX BUPas3iB YLUiNIbHEHHS
MPYHTY Ha  CTiHKGX  KPOTOBMHW  CMifibHO 3
3aneXHOCTAMW CUM  OMnopy AO03BOMSATb BU3HAYUTU
reoMeTpuyHi napameTpyu poboyoro opraHy, npu
Pi3HMX MEeXaHiYHMX BnacTUBOCTAX [PYyHTY, [Ans
3abesneyveHHs CTIMKOCTI  CTIHOK KpPOTOBWHW  Mpw
MiHIManbHWUX BUTpaTax eHepril.

Take pilleHHss € 3aranbHUM Anst NeBHOro
Knacy 3agad npo B3aemMogitdo pobovoro opraHy 3
I'PyHTOM, dka  npeacraBneHa  gecopmytoumm
CepenoBuULLIEM 3 METOK BM3HAYEHHST HANpsMIiB 3MiHM
pedopmauim  abo  ix WwBMOKOCTEW 3 METOH
BUKOPUCTaHHA X AN BU3HAYEHHA  KOMMOHEHT
HanpyXeHb, sIKi JO3BOMSATb 3HAWTUM 30HU MOXIMBMX
nnacTuiHMX aedoopMauii i pyriHyBaHHST CYLNIbHOCTI
I'PYHTY.

Knio4yoBi cnoBa: koMnoHeHT gedopmaLiin
abo HampyxeHb, KOMMOHEHT TAroBOrO  Oropy,
nemiwHuM poboumnin opraH, GirapMoHiYHa NOTEHLiHa
OYHKLisl, KOMMOHEHTM LUBWOKOCTEN MNEepeMilLeHb,
TEopil CyUINbHUX CepenoBuLL, KOMMOHEHT BiOQHOCHMX
nedopmaLii, KOMNOHEHT HaMpPy>KeHb B I'PYHTI, NleMiLL
KpoToBaTens.

BNMUAHUE FTEOMETPUYECKUX MAPAMETPOB
JNIEMEXA KPOTOBATENA HA
OE®OPMALIMOHHBIE XAPAKTEPUCTUKA
No4BbIl NP1 OBPA30OBAHUU NONOCTU ANA
NPOTUBO®UINBbTPALMOHHOIO 3KPAHA

B cratbe npvBOasITCS pe3ynbTarhl
MCCIeaoBaHNA B3aUMOOENCTBUS NIEMELLHOW 4acTu
KpoToBaTena € MnoYBol. B CBA3WM C 3TUM UEMbIO
WCCNEenoBaHMs SBMSIETCA OnpenerieHne CKopocTen
OTHOCUTENbHLIX AedopMaumin B 30HE KOHTaKTa
nemexa KpoToBaTess ¢ MOYBOW B 3aBUCMMOCTM OT €ro
reoMeTpUHECKNX 1 KMHEMATUYECKMX NapaMeTpoB.OTO
coernaetr  BO3MOXHbIM  OMpederneHne  Benu4uH
KOMMOHEHT HaMpsbKeHUA U (PYHKUMA  NNOTHOCTU
MOYBbI, KOTOPLIE 3aBUCAT OT 3TVX HanpshkeHun.Kpome
TOro, 9TO MO3BONWT HaM ONpedenvTe  Cuiy
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COMPOTUBINEHMUSINOYBbI nepeMelLeHnio  nemMexa MO3BONSAT OnpedennTb reoMeTpudeckne napameTpbl
KpoToBaTens. paboyero opraHa, Npu pPasnMYHbIX MeXaHUYeCcKMX
MoyBa npeactaBneHa B BuOe MOAENM  CBOWCTBaxX MOYBbI, OJ1si 0becrneyeHrst YCTOMYMBOCTM
BA3KOYMpYyro cpegbl TakMM 00pa3oM, YTO O/ CTEHOK KPOTOBUHbI MPU  MUHMMASBbHBLIX — 3aTpartax
aHanmsa B3anMOoAENCTBUS BO3MOXHO UCMOMNb30BaHWE — SHEPruM.
BUrapoOMHUYECKINX noTeHUMarnbHbIX YHKLMIA, Takoe pelleHue €BAsieTCa oOWMM  Ans
MOCKOSbKY KOHEYHbIE YPaBHEHMS CBOASITCA K CUCTEME  OMpEederieHHoro krnacca 3agaqy O B3avMOLEVCTBUM
SMMUNTUYECKUX  YpaBHEHM. Takas MocTaHoBKa paboyero opraHa C MOYBOW, KOTOpas npencTaBneHa
330a4n M ee pelleHne MOo3BOMAT  MOoMyYMTb  0eddOpMMPYEMON Cpenoii C LEenblo  onpenerneHus
3aBMCMMOCTM CBSI3N TFEOMETPUMYECKMX MapaMeTpoB  HamnpaBreHWn uaMeHeHust pedopmaumm win  mx
NIEMELLIHOM 4acTh KpoToBaTensi C KOMMOHEHTaMM  CKOPOCTEM C  LEnbl  MCMOMb30BaHWA WX OJ1s
cKkopocTell  gedpopmaumii MOuYBbl, a  Tawkke  OnpedeneHnst KOMMOHEHT  HanpshKeHWK, KoTopble
MEXaHWYECKNX CBOWMCTB MOYBbI HA MOBEPXHOCTU €€  MO3BOMAT HaWTU 30HbI BO3MOXHbIX MIACTUMECKUX
KOHTaKTa C nemMexoMm. OTW BblpaXeHus SBMATCs  AedhopMaumin u paspyLUeHust CrinoLHOCTU NOYBbI.
McxodHbIMM AN farbHenwero  onpegerneHus Knroyeeble cnoea: KOMIMOHEeHMbI
KOMMOHEHT  HampsbkeHUd B MNOYBE, KOTopble Oeghopmauud  unu  HanpsbkeHul,  KOMIOHeHm
MO3BOMNSAIOT OMPedEnUTb  YNNOTHEHUE MOYBbl HA  MS208020 COMNPOMUBIIEHUS, reMewHbIl  pabodul

CTeHKax 0bpa3oBaHHOM NOMOCTW ANA NPOTArMBaHUA  op2aH,busapMoHUYecKast romeHyuarnbHasi
NPOTUBOUILTPALIMOHHOIO 3KpaHa M COCTaBnsiolumMe  (hyHKUUS,KOMITOHEHMb! cKopocmel  nepemMewjeHul,
CUI COMPOTUBMNEHUS OBWDKEHWIO NeMexa. meopuu CITOWHBIX Cped,KOMIIOHEeHM

Monyyenve KOHEYHbIX BblpaXEHUA  OMHOCUMESIbHBIX Oegbopmayuli, KOMIOHEeHM

YNNoTHEeHUA Nno4BbI Ha CTEeHKaXx KPOTOBUHbI HaI'IpFI)KeHUlj 8 rioyese, yieMex Kpomaoeameris.
COBMECTHO C 3aBUCUMOCTAMU CWUIn COMpOTUBNEHUA
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