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WHEEL-SOIL INTERACTION ON ELASTIC, TENSILE-STRONG
AND PLASTIC SOIL

Most of wheeled tractors and field machinery are known to cause physical changes in soil
thus disturbing its fertility. Modernisation of the wheel propelling agents or even a complete
changeover to some more efficient technology having a permissible effect on soil can only be
based on thorough studies of the wheel-soil interaction phenomenon. The satisfaction of this
problem depends on a right choice of rheological models of contact bodies and on analytical
or numerical solution of contact problem.

Until recently the physical and mechanical properties of soil and wheel had been
described in terms of one or two parameters. Most of the studies had assumed wheel a rigid
body and strained deformation in it was described by a linear ratio. However, experiments
reveal that mechanical properties of a tyre and soil in the process of non-elastic deformation
can be described by a greater number of values. Therefore, the actual process of body
deformation in the contact area in rheological models can be adequately described only with
due account of all basic mechanical properties of wheel and soil. Studies with more complex
models of wheel and soil provide more adequate and true picture of deformation process.

An elastic wheel rolling upon a ground surface with elastic, tensile-strong and plastic
properties is described in this study. Fig. 1 presents the model of this ground surface.
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Fig. 1. The model of ground surface

The model is based on three principle mechanisms of ground deformation: elasticity,
plasticity and tensile strength. The condition of ground plasticity is assumed of the form

. L de”
o-cef —péf =k(P} &f ===, )

where o - indicates strain in contact area, e —indicates plastic deformation, ¢ - is
modulus of strengthening, K- is coefficient of plasticity, P~ is pressure, {-is time parameter.

Rheological equation describing strengthened and deformed state of ground in this case is
assumed of the form

uo+(E,+c)o=E,ce, +u k. e, +E, k (2)

where g = dhc;'; E; - indicates Young’s modulus, e,— is complete deformation composed of

elastic deformation e and plastic deformation e,f’ :
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Under the condition of an even motion of the wheel the shear displacement of ground
surface can be assumed stable in respect to the co-ordinates system Ox;y;, moving
transitionally together with the wheel’s centre. Assuming that the wheel rotates at the constant
angular velocity @ = const and its axle moves at velocity v, then the section a] < x <ap of the
axle Ox; corresponding to the contact line moves along the axle Ox at the velocity v. The
interrelation between the co-ordinates 0x; and Ox of one and the same point in the contact area
can be assumed of the form x; = x-v-¢.

Dependence of the radial deformation e, on the normal contact stresses o can be assumed
of the form:

o=e,E, 3)

where e, indicates tyre deformation. Interrelation between deformation and normal shear
displacements can be fit in the form of the Koshi formula

du du
€p = = €sh = = (4)
dy dy
Normal shear displacements in both of the bodies are defined in the loading area (0, a;):
1L 2 .2
Ush = (@i —¢7)—u, (5
2m
In the unloading area (0, a»):
\ L2 20
usp=——C(a2 —¢")—u, (6)
2}‘2

Herein after apostrophes indicate values belonging to the unloading area, r;, indicate
radii. The values of r; and r; are determined as a function of stress P and tyre inflation
pressure P,.

The contact line (ay, a;) in the loading and unloading areas can be obtained by rotating the
radius » in plane xy with a constant angular velocity @, thus assuming that point M moves
along the radius at the velocity proportionate to the distance OM (Fig. 2).

Let the point 4 correspond to the angles a = = 0.Let ry indicate the distant from the

centre 0 to the point 4. According to the assumption made the loading area can be described:

dr
U N— ™
dt
And the unloading area:
dr2
= =myr (8)
dt 272

Provided m; = m, = 0 the problem of a rigid wheel rolling over a deformed ground
appear. After integration the equations (7) and (8) take the following form:

q:ro-em‘t; r2=r0-em2t 9)

or

oa. 5,
n=rp-e®%  ry=ry-e®” (10)
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where O6; = m; /a) 1s no-size value (1 = 1, 2). Relation between r; and r, can be written down as
follows:
ry =1 0230, ) (11
This first equation in (10) can obtain the following form (refer to Fig. 2);
r—hr:ro-eé‘a (12)
where A, 1s radial transfer of the wheel’s point during the deformation process.
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Fig. 2. The schematic diagram of interaction between wheel and soil
(13)

One can also write down that

—_ — 1 _— : 51 a

r—ry=h, = lim h,cosa= lim (r —rye”'” )cosa
a—0

a—0
Small angles a corresponding to elasticity, non-elastic and residual ground deformation
(14)

fit the equation
rcosa —h, _e
ry cosa
from which
1, rcosa—h
oy =—In——7L (15)

a Fy COS

(16)

After (15) placed in (10):
.

hr
n=ry| —-
rp cosa

"o
The relation between normal bending flexure as a function P of load and tyre inflation

pressure can be described by the formula
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B =L 4p3 (17)
1+ P,

where I is coefficient defined by tests with the following numerical values:

1. for low-pressure cross-ply tyres 0.41-0.74
2. for controlled pressure tyres ~ 0.45-0.63
3. for wide section tyres 0.25-0.50

Then with respect to (17):

. :{r L } (18)
cosa (1+ P

Thus for any point of contact line r; can be determined.
Radius r; is determined by similar consideration

oo 19)
cos 3 (1+PW)

By using ratios

X,  e=—X% (20)

c*=F, -e, 21)

e =e, ——vu—- (22)

Equation (21) indicates a linear relation between values of fictitious pressure and
deformation. To evaluate pressure on the contact line the conjugation method can be used.
After necessary transformations:

x/(§0+al az+§o) (1+r,) cds

N-m- {rl(z) rr} (¢ +a)az +¢)

(23)

E, E
Where N = lei and ¢() is a contact point. From (22) with respect to (23) true strain

is obtained:
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Thus the dependence of pressure o on ground and tyre properties can be expressed by
formula (24).
Fig. 3 presents the graph of dependence of the radius ', on the values of the coefficient

[land the angle « for values of the stress concentration coefficient i.e. v= 3, 4, 5. Other values
assumed are P,= 400 N; P=300 N.
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Fig. 3. Dependence of the radius r’, on the values of the coefficient /and the angle « for
various values of the stress concentration coefficient
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WZAJEMNE ODDZIALYWANIE KOLA 1 GLEBY O WEASCIWOSCIACH
SPREZYSTO-PLASTYCZNYCH
Jurij Czigarew, Rafal Nowowiejski

Streszczenie

Wiadomym jest, ze wiekszo$¢ ciagnikow kotowych i maszyn polowych wywoluje
zmiany w fizycznych wiasciwosciach gleby uposledzajac w ten sposdb jej zyzno$é.
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Modernizacja uktadéw napedowych czy nawet ich kompletna zmiana na inne majace, bgdacy
do zaakceptowania, wplyw na glebe moze by¢ oparta jedynie na wszechstronnych studiach
zjawiska wzajemnego oddziatywania kota i1 gleby. Zrealizowanie tego zadania wymaga
wlasciwego wyboru modeli reologicznych stykajacych sig¢ cial oraz na analitycznym lub
numerycznym rozwigzaniu tego zagadnienia.

Do niedawna fizyczne i mechaniczne wiasciwosci gleby i kota opisywane byly w
kategoriach jednego lub dwoch parametrow. W wigkszosci badan przyjmowano koto jako
cialo sztywne a jego odksztalcenie opisywane bylo przez zaleznos¢ liniowa. Jednakze
do$wiadczenia wykazaty, ze wlasciwosci mechaniczne opony i gleby w procesie
odksztatcenia niesprezystego powinny by¢ opisane przez wigksza liczbe wielkosci. Dlatego
tez rzeczywisty proces odksztalcenia ciata w obszarze kontaktu moze by¢ wlasciwie opisany
poprzez ich modele reologiczne jedynie z uwzglednieniem wszystkich podstawowych
wiasciwosci mechanicznych kota i gleby. Badania z uzyciem bardziej ztozonych modeli
zapewniaja bardziej wlasciwy i1 prawdziwy obraz procesu odksztatcenia.

W artykule opisany jest model sprezystego kola toczacego si¢ po powierzchni gleby.
Model oparty jest na trzech podstawowych mechanizmach odksztatcenia gleby: sprezystosci,
plastycznosci 1 wytrzymalo$ci na naprezenia osiowe. Wyprowadzono wzor okreslajacy
warto$¢ naprezen na powierzchni kontaktu kota z gleba.

B3AMMO/JIEMCTBHUE MEXIY KOJJECOM H IIOYBOH HA YIIPYT'OWH,
JACTUYHON U HJIIACTUYHOM ITOYBE
Opuit Yurapes, Pagaens HoBoselicku

Pestome

W3BecTHO, YTO OONBLIMHCTBO KOJECHBIX TPAKTOPOB M CEJIbCKOXO3SHCTBEHHBIX MAallHH
BHI3BIBAIOT (U3MYECKHE M3MEHEHUs B II0YBE, Hapymias TEM CaMbIM ee IUIOJOpOJHeE.
MogepHu3amusa KONECHBIX JBWXKMTeJNlel, WIM [axe Mepexo] K Kakoi-nubo Oonee
PallMOHAJIPHOM TEXHOJIOTMM C NpPHEMJIEMBIM BO3JE€HCTBHEM Ha TMOYBY, JOJDKHA OBbITH
OCHOBaHa Ha TLIATEJIbHOM H3YYEHMU B3aHMMOJEHCTBHUA Kosieca ¢ nouBod. Pemenue 3tofi
33/1a4¥ 3aBHCUT OT MIPaBIIBHOIO BEIOOpa pPEONOrHYECKHX MOZENICH CONPUKACcaIOLIMXCs TeNl U
0T AHAJIUTUYECKOTO WK LIU(POBOro pereHus NpodyieMbl CONPUKOCHOBEHHS.

Jlo HepaBHMX Mop QHU3UYECKHE H MeXaHHYECKHUE CBOWCTBA MOYBBI M KOJIECAa ONHCHIBAIN
IpH NOMOINM OJHOrOo MM ABYX I1apaMeTpoB. B OOJNBIIMHCTBE HCCIEJOBAHUH KONeco
paccMaTpMBaJIOCh KaK JKECTKOE TeJO M €ro JAehOopMalui0 OIUCHIBAIIM JIMHEHHBIM
ypasHeHHeM. OJJHAKO IKCIIEPUMEHTHI TIOKA3aJli, YTO MEXaHUYECKHE CBOMCTBA LIMHBI H NTOYBBI
B mpoiecce Heymnpyroil JedopMalldd MOXHO ONUCaTh ropazno OOJBIIMM  YHCIIOM
nokasatesiel. [losTomy peanbHBIE mpouecc aeopmanyu Tela B 30HE CONPUKOCHOBEHHS
MOXET OBITh aeKBATHO OIHCAH B PEOJIOTHYECKUX MOJEJISX TONBKO C YHETOM BCEX OCHOBHBIX
MEXaHWYECKHMX CBOWCTB KoJleca U NO4YBHI. MccenenoBaHus ¢ MCMosib30BaHueM 6oiee CI0XHbIX
MolleNiedl Koneca M IOYBBI JAXOT B pe3ysipTare Oosee aJeKBAaTHYIO M COOTBETCTBYIOLLYIO
eHCTBUTENBHOCTH KapTHHY MpoLecca fedopMalyu.

B nanHOlf paboTe nmaercs onmMcaHWe YIPYroro KoJjeca, Karslierocs o YIpYrof,
MACTHYHOM H IJIACTHYHOM MOBEPXHOCTH. MoJens ocHOBaHAa Ha TpeX OCHOBHBIX MEXaHHU3Max
neGopMaliMM  TOYBBI:  YNPYrOCTH, [UIACTHYHOCTH W COTPOTHBJIEHHH  PACTSKEHHIO.

BBIBCHCHHBIC (bOpMyJ'lbl onpeENECAOT BEJIHYHHY HanpsaKEHHUA Ha NOBEPXHOCTH
CONPUKOCHOBCHHUS KoJieca ¢ MOYBOM.

Recenzent: Tadeusz Rawa
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