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THE SUBSTANTIATION OF THE TENSE STATE OF SOIL UNDER CONDITION
OF ITS INTERACTION WITH WHEELS
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Machine and tractor devices which consist of large tractors and devices corresponding to them, are widely used in
the fields. The use of such machine- and- tractor devices results in reduction of both energy usage and labor inputs. But
the wheels of large tractors deform and consolidate the soil that results in changes of healthy soil structure as well as in
worsening of the agro-ecological soil condition. The use of large machine- and tractor devices requires laying down of
optimal constructional parameters for wheels. Optimized wheels will facilitate the decrease of both consolidation and
devastation of the soil’s fertile layer. The paper considers the interaction between the soil and the wheels. The scheme
for determining the distribution of tension in soil under condition of vertical loading, has been developed. The task for
the calculation of the tense state of soil has been formed. This task makes it possible to determine the level of tension in
soil under the wheels of machine- and- tractor devices. The determination of the level of tension in soil enables to
determine and to substantiate the parameters of the wheel tires. The use of such tires will make it possible to provide
the level of normal state of tension in soil lower than a permissible level. As follows from solving a reverse contact
problem, and under condition of equal distribution of contact pressure, a mathematic model has been received. The
received mathematic model makes it possible to perform a computer simulation of the effects of wheels’ width of the
machine-and-tractor devices on tension which takes place in soil. The received model is universal and makes it possible
to carry out the study of wheels of various standard sizes. A theoretical simulation of the performance of a machine-
and-tractor device has been made. The distribution of tension in soil environment is given.

Keywords: wheels, machine-and-tractor device, normal tension, tangent tension, soil structure.

Introduction of study soil is treated as a tense and endless land
which is limited by one horizontal surface [7; 10].
The soil environment is treated as homogeneous and
isotropic one [8; 11]. But the results of the research
obtained in above mentioned cases do not fully
reflect the tense state of the soil environment. They
will not help to determine the wheels’ rational
parameters either.

Large tractors are used in the fields. The use of
such tractors makes it possible to raise productivity
and reduce energy consumption, but they have a
significant impact on natural environment.
Currently, an experience on reducing the harmful
effects of such machines on the environment at the
cost of using biofuel [1] has been in practice. Also,
under the pressure of heavy tractors’ wheels on soil, Materials and methods
appears a tense state which depends on the rate and
the distribution of the external load and causes
deformation, and as a result, soil environment’s
over-consolidation. Soil over-consolidation results in
decrease in crop yields [2; 3], destruction of its
structure [4; 5] and other negative effects [6]. That is
why, the reducing of harmful effect of heavy tractors
on the environment requires setting optimal design
parameters of wheels.

The study of wheels’ contact with soil showed
that it is rather difficult to find a tense state in soil. It
depends not only on loads which effect the wheels,
but also on tractor’s driving speed and on the
parameters of a pneumatic tire [7; 8]. Sliding of a
tire is of great importance as well [9]. In such type

The study of the fields of tension in vertical soil
profiles, under condition of soil tension made by
wheels, was done using the methods of numerical
service simulating tests by means of a specially
developed computer program (fig. 1). This program
made it possible to receive both the specifications of
the distribution of the fields of tension and the
numerical indexes of the rate of tension in separate,
previously determined points of soil model on given
scanning lines.

Further numerical modeling and service
simulating test of a contact zone wheel-soil was
performed on the algorithm, given on fig.2.
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Fig. 1. Tension profile in a soil environment under tractor’s wheels fitted with a sowing machine
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Fig. 2. Research algorithm and the optimization of constructive and operational parameters of wheels:

Gy — is normal load on the wheel, H; D — is external diameter of a tire, m, B, — is minimum permissible width of a
tire section, m: pymax — IS Maximum permissible pressure in a tire, Pa; H — is height of a tire’s section, m; Cy, C; —is
steel for a given type of a tire (C;=0.0012...0.0028-10° ITa™, C,=0.25...0.3 M%); | — is distance between the wheels’

extremities, m; n —is provisory amount of forces in a block of distributed tension; 4B — is spacing of width change of a
tire’s section, m; 4p,, —is spacing of pressure change in a tire, Pa; hy —is normal deflection of a tire’s dome, m; B — is
real width of a tire section, m; o, +a, — is a sum of normal tensions, Pa; z,, —is tangent tensions, Pa; z,, —is a relative ratio
of deflection of a tire’s dome; [z,] —is a permissible deflection of a tire’s dome
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This program makes it possible to perform a
computer simulation of the effects of MTA’s wheels
on the tension which appears in soil, as well as to
choose their rational parameters.

Results and discussion

A numerical solution of the task on determining
the tense state of soil is possible under condition of
using the iteration method. In the first approaching,
soil is considered as elastic semi-space limited by
horizontal surface. The accepted environment of a
soil model is isotropic. Under these conditions was
used the solution of Bussinesk’s task. According to
this method, the distribution of tense in a massive is
symmetric about x axis. To develop a mathematic
model of a tense state from a few blocks of
distributed load, it was represented as a
superposition n of forces exerted on corresponding
points (fig. 3).
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Fig. 3. The scheme of determining the tenses in
elementary volume of semi- space, loaded by two
blocks of distributed loading (a pair of wheels):

Py, P,,...,P;— are the value of corresponding
unit forces, H; a — is the distance of block beginning
from the beginning of coordinates, m; da — i
spacing among forces in a block, m; I3, I, —is
blocks’ width, m; g, g,, 7,, — are normal and tangent
tenses in elementary semi-space M, PA; n—is a
number of forces in a block of distributed load
As a result, a mathematic model of tense state
was received from two blocks of distributed load in
the form of:

o, :E , kiX2 + y kin
L 'O[x +(y-a-isa)’ T 'U[x +(y+a+isa)’ T y
1)
L _ls|¢ ~y-a-ina)’ R k (y+a+isa)’
K 'O[X +(y a-iAa)’ } 'O[X +(y+a+isa)’ T
] o< kx(y—-a—iAa) +Zn: kx(y+a+iAa)
Yor |o|: (y a— |Aa) :| i=0 |:x +(y+a+|Aa) :|2

where G —is loading on the wheels’ axe, H;

li — is the width of a plot on which the
distributed load was exerted, m

k; — is a weight coefficient which is determined
as: ki=Pi/Py (P, — according to rationing will be:
Po=Gl/(I;+1,+13));

x, y — are coordinates of an elementary plot of
semi-space M (fig.1) for which the indexes of
normal and tangent tenses are determined, m.

According to the system (1), a sum of normal
tenses, which characterizes the change of a tense
state of the environment that is under investigation,
under the weight of a pair of wheels, is determined
on a vertical surface of soil semi-space as:
I=01=0,+0,, where |, —is an invariant of a full tensor
of tensions (a sum of normal tensions gi), Pa. And a
maximum shifting tension . in a particular point
of this surface will be:

2
o, — 0O
J( R T

The solutions of the equation make it possible to
replicate  a numerical model and imitation
experiment to study the tense state of compacted soil
profile according to the condition:

lim g:I

opt !

®3)
lim G-

i)
Trmax =171 o} opt

where G; — is a weight of a machine and
tractor unit that falls on wheel, H;

gi — is i- wheel’s pressure on the soil surface, Pa;

lopt — is an optimal wheel’s footprint area, m%

o, — is the boundary of soil’s current, Pa;

[1] — is permissible tangent tenses, Pa.

The application of a system (1) makes it possible
to replicate a numerical experiment on optimization of
the constructive and performance parameters of a
mobile farm vehicle’s wheel as to minimization of the
levels of intensity of soil environment’s tension.
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Fig. 4. Change of a sum of normal tensions (a) and tangent tensions (b) at depth

When solving the system (1), the change of the
intensity level of soil environment tension at depth
H=x, depending on the width b of wheel’s footprint
area contact with soil (fig. 4), was determined.

The current’s boundary of sod-podzol sandy-
loam soil which does not cause the non-renewable
changes of the structural state of soil’s root layers,
for soil layer 0...10 is ¢;,<0.113 MPa. Permissible
tangent tensions (taking into account the moment of
rolling) are 7<0,021 MPa. Taking this into account,

it has been found that under maximum load on a
wheel up to 28 kH (common to tractors of pulling
power type 3) the width of a contact footprint has to
satisfy the condition 5>0.55 m.

When choosing the type of tires which satisfy
this requirement, the normal and relative tires’
deflections and the width of a contact footprint
depending on pressure in a tire (fig. 5) were
analyzed and a system (4) was received.
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on tension for a tractor’s wheel type 3
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{zw =1050p,’ —327.7p,, +42.54 <[z, ] = 20%, )

b=10p,>-3.4p, +0.783>0.55.

When solving the system (4), the rational wheel’s
parameters were received. The use of this wheel does
not result in non-renewable changes of the structural
state of an agricultural soil layer (table 1).

Table 1. Rational wheel’s parameters

Parameter | Designation | Dimension |Indexes
Rational
pressure in a Pw MPa 0,075
tire
Minimal
width of a
contact b m 0,55
footprint
Maximal
relative 0
deflection of Zu % 20
tire’s dome
Type 28,1R26 - -
Diameter D mm 17375i1
Width B mm 750
Profile
height H mm 537
On the basis of the above mentioned

characteristics of sod-podzol sandy loam soil, by
means of the analysis of the numerical experiment’s
results, it has been determined that the use of a tire
of type 28.1R26 for a tractor of pulling power type 3
under operating pressure p, =0.073 MPa, does not
cause non-renewable changes of the structural state
of the agricultural soil layers.

Conclusions

The results of the scientific research and of the
practical experience testify to a close correlation link
between a compressing effect of the drive systems of
energy charged mobile agricultural machinery and
the processes of upper soil degradation. The decline
of the levels of technogeneous compression of
mobile agricultural machinery on soil can be
achieved by means of complex optimization of the
construction parameters of the mobile machinery’s
wheels and by a corresponding standardization of
their operating features.

A numerical simulation experiment made it
possible to determine the basic rational parameters
of a tractor’s wheel of pulling power type 3, used
while cultivating sod-podzol sandy loam soils:

working pressure in a tire is 0.075 MPa, a minimal
width of a contact footprint is 0.55 m. Under these
conditions the compressing tensions in soil under the
wheel are lower than a tension boundary of form-
changing of the microstructure and do not exceed
0.113 MPa.
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OBIPYHTYBAHHS HAIIPYKEHOI'O
CTAHY IPYHTY IIPU B3AEMOIII
I3 KOJICHUMMH PYHIISIMUA

C. M. Kyxapeus , A. I1. 3a6poachKnii*,
B. P. BiﬂeHBKHﬁ*, B. B. ‘Iyﬁa**
*}KI/ITOMI/IpCLKI/H‘/'I HaI[lOHAJTEHUH
arpoeKoJIOTYHNN YHIBEPCUTET
OynbBap Crapuii, 7, M. Kuromup, 10008, Ykpaina
“"HartionansHuii yHiBepcuTeT 6iopecypcis
Ta MPUPOJOKOPUCTYBaHHS Y KpaiHH
By1. ['epoiB Oboponu, 15, m. Kuis, 03041, Ykpaina
Ha nonax  wupoxko  GUKOPUCHOBYIOMbCA
MAUWUHHO-MPAKMOPHI azpe2amu, wo CKAA0ambCs
i3 eadxckux mpaxkmopie ma  GIONOBIOHUX iM
aspezamie.  Buxopucmanns — makux — MAwuHHO-
MpAKmMopHux — azpeeamie  3a0e3neyye  3HUINICEHHs.
eHepzosumpam ma CKOPOYEHHS SUMpam npayi.

Ilpome  pywii  6adickoi  mexHiKU  AKMUBHO
depopmylomv  ma  YWINbHIOIOMb  IPYHM, WO
npuzeooumv 00  3MIHU — ACPOHOMIYHO  YIHHOL

CMPYKMypu IPYHMY ma 00 3HAYHO20 NOSIPULEeHHS.
a2pOEKON02IUHO20 CIMAHY IPYHMY. 3aCmoco8y8aHHs.
BAJCKUX MAUUHHO-MPAKMOPHUX A2pe2amié 6UMazae
6CMAHOGNEHHS O KOMICHUX PYWIIE ONMUMANbHUX

KOHCmpyKyitinux napamempie. Onmumizoeani pywii

CRPUSAIMUMYMb  3MEHUIEHHIO NepeyUWiIbHeHHI0 ma
PYUHYBAHHIO POOIOY020 WAPY TPYHMY.

B cmammi posenanymo 63aemooiio i3 ipynmom
napu KomicHux pywiiie ma pospobnena cxema O
BU3HAYEHHS NOJ6 HANPYICEHb OAS NPUKIAOEHO20
sepmuxanvHozo  Haganmadicenns. — Cgpopmosane

8

3A80aHHA Ol PO3PAXYHKY HANPYIHCEHO20 CMAHY
IpyHmosozo cepedosuwa. Cgopmosane 3a80aHHs
00360J1A€ BUHAUUMU DIBEHb HANPYHCEHO20 CHMAHY
ni0  KONICHUMU PYWIAMU MAWUHHO-MPAKMOPHUX
azcpezamis. BusHaueHHA PiGHA HANPYICEHO20 CMAHY
00360715€¢  3HaUMU U OOIPYHMYy8amu napamempu
KonicHux  wiuH. Bukxopucmamnms — makux — wun
00360UMb  3a06e3nedumu  piGeHb — HOPMATLHUX
HAanpysicens ¢ IPYHmi Hudcue 00Ny CTMUMUX.

Y pezynomami piwenns obeprenoi Konmaxkmuoi
3a0a4i 34 YMOBU PIBHOMIPHO20 PO3NOOINEHHS
KOHMAKMHUX HanpyoiceHw, OMPUMAHO
Mmamemamuyny — moodenv.  Piwenns  ompumanoi
MamemamuyHoi  Mooeni  0036018€  GUKOHAMU
KOMN tomepHe  MOOeNOBAHHSA — BNAUEY  WUPUHU
KOMICHUX pYWwiie MAuwuHO-MpaKmopHux azpesamis
HA HANPYOICeHHs, AKI GUHUKAIOMb 6  IPYHMI.
Ompumana mooenb € YHIBEpCATbHOIO MA 003801A€
BUKOHYBAMU OOCHIONCEHHS KOAICHUX PYUWLii8 PI3HO20
MUNOpO3MIpy. Bukonano meopemuune
MOOeN08AHHSL  pobOMU  MAWUHHO-MPAKIMOPHO20
acpecamy. Ompumano po3nodil HANPYJCceHb 8
IDYHMOBOMY CepedosUnyl.

Knrwuoei cnoea: Koneca, MaAUWUHHO-
MPaKmopHuii azpezam, HOPMATbHI HANPYHCEHHS,
OOMUYHI HANPYHCEHHS, CIMPYKMYPA IPYHINY

OBOCHOBAHME HAIIPSKEHHOI'O
COCTOSHUMATPYHTOB ITPH
B3AUMOJIEVICTBHUSA C KOJIECHBIM
JABU/KHUTEJIEM

C. H. Kyxapen , A. II. 3a6poackmii*,

B. P.busenxnii , B. B. Uy6a”~
*)KHTOMHpCKI/H‘/'I HallMOHAJIbHBIN
arpoIKOJIOTHUECKHI YHUBEPCUTET
6XJ*II)Bap Crapsiit, 7, r. XKutomup, 10002, Ykpauna

HanmonanbHbIM yHUBEpCUTET OHOPECYPCOB H

MIPUPOJIOTIONB30BAHNSA Y KPaHHbI

yi. I'epoeB O6opownsl, 15, r. Kues, 03041, Ykpauna

Ha nonsx wupoxo ucnoiw3yromcs MauuiHO-
MpaKmMopHvle aspe2amvl, COCMOSAWUE U3 MANCETbIX
MpaKmopos u coOmeemcmeyowux UM azpezamos.
Hcnonvzosanue  maxux  MauuHHO-MPAKMOPHBIX
azpezamos obecneyusaem CHUDICEHUE
SHepeo3ampam U CcoKpawjenue 3ampam mpyod.
Oonako Osucamenu mscenoOl MEXHUKU AKMUBHO
Ooepopmupyiom U YNIOMHAIOM — NOYEY,  YMO
npUEOOUM K UBMEHEHUIO aCPOHOMUYECKU YEHHOU
CMPYKMypbl NO4EbL U K SHAYUMETLHOMY VXYOULEHUIO
aA2POIKONO2UYECKO20 COCMOAHUSA noY8bl.
Ilpumenenue msadxicenvlx  MAUWUHHO-MPAKIMOPHBIX
azpecamos mpedyem YCMAHOBKU O KOJNECHbIX
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osudcumeneti.  ONMUMANbHbIX — KOHCMPYKYUOHHBIX
napamempos.  OnmumusuposanHvie  O8ucamenu
6yoym cnocobcmeosamo VMEHbULEHUIO

nepeyniomHeHueM U papyuenuro nio00pooOH020
€051 NOYGYL.

B cmamve paccmompeno e3aumooeiicmsue c
nouBol  Napbl  KOJNECHuIX  Osudcumenei U
paspabomana cxema Oas onpeoenenus nojel
HAnpsiceHutl. Ok NPULONCEHHO20  BEPMUKATLHOLL
naepysku. Cehopmuposana 3adaua 07 pacyema
HANPSIJICEHHO20 ~ COCMOSIHUSL  NOYBEHHOU  CPeobl.
Crnooxcuswascs 3adaua no380asem  ONpPedeumsy
VPOBeHb HANPANCEHHO20 COCIMOAHUSL NOO KOIECHbIMU
0BUIICUMENAMU MAUWUHHO-MPAKINOPHBIX A2Pe2amos.
Onpedenenue yposHsi HANPSNCEHHO20 COCMOSHUS
noseonsem Haumu U 0O0CHOB8AML NAPAMEMpPbl
KoNecHvIXx wiuH. Hcnonvzoeanue maxux — wuH
nozeonum  obecneyumvb  YPOBeHb  HOPMATbHBIX
HAnPSIICEHUIl 8 NOYBe HUJICE OONYCIUMBIX.

B pesynvmame peuienus obpammotl
KOHMAKMHOU 3a0a4u Npu YCilo8uu PAGHOMEPHO20

pacnpeoenenus KOHMAKMHbIX HanpsdIceHul,
nonyueHa mamemamuyeckas —mooeinv. Pewenue
NOJYYEHHOU MAmemMamuyeckol Mooeiu Nno36osiem
BbINOHUND KOMRbIOMepHoe — MOOeIuposanue
BNUSHUS WUPUHBL KOJECHbIX O8UICUMENel MAUUHO-
MPAKMOPHBIX — Aepeeamos  HA — HANPSHCEeHUs,
gosHurarowue 6 nouge. Ilonyuennas Mmooensb
AGNAEMCS VHUBEPCANLHOU U NO360JSIeM 6bINOJIHAMb
UCCNIe008aHUsl  KOJECHbIX — O8UJICUMENell  PA3HO20
munopazmepa. Bovinonneno meopemuyeckoe
Mooenuposanue pabomvl  MAUUHHO-MPAKMOPHO2O
azpecama. Ilonyueno pacnpedeneHue HANPINCEHUL 6
2PYHMOBOIU cpeoe.

Kniouesvle  cnosa:  koreca,  MAaWUHHO-
MPAKMOPHBLL azpe2am, HOPMAIbHbIEe HANPSIHCEHUS,
KacamenvHble HANPSANCEHUS, CMPYKMypa NOYEbl



