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THE ANALY SIS OF REGULAR WHEEL LOADINGS
DISTEIBUTION AT A STATICALLY UNSTAELE
FEUNMING SYSTEM OF AW AGERICULTUEAL
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Summnary. The article presents an algonthm of definition of wgnlar wheel loadings at a staticallyurstable mne
mng system of an agrioalbual mackine on a roagh anrface.
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INTRODUOCTION

Dlaintenance of necessary e ffective ness of wheel agricultura] machines manming on rough soil
swrfaces is provided with application of wide-profile fyres of the big diree rsion, arnd also a complete
set of mnring systern dual tyres. Additionaly, low average and maxirom pressur upon the base,
swall depths of the left tracks and small forces of wiating wheels resistance are achieved as well.
Deeformation characteristics of such tyres allow o do without a systern of springing wheels, and
for low speed technnlogical machines - to use statically unstable runving systems, that consider
dhly sirnplifies and reduces the yice of a design of such machines. In case of doubling of wheels,
for e xample wheels of a tractor which iritially had a statically stable mnving systern, eachbrdge
separatelybecomes staticallyunstable. The listed featores of modern ryming systers of agrieultoral
tnachines complicate ar exact de fivdion of the walid force s during the contact of tyres with the rm-
ting swrface, at research of traction dyraraics of such mac hines, e spe clally in case of moverment ona
rongh deformable soil swrfice. The e fore, the working out of a e thod of analytical definition of the
valid normal loadings on the wheels equipped with prearnatic tyes, as a part of statically unstable
murring syeterns of agriculhral machines is fairly significant [7].

Pullcoupling properties of the agricultoral machine are in marey respects defined by nonmal
loadings to a basic snface on wheels. Distibution of these loadings depends on a nworober of fac-
tors: the design-layout scherne of the mnning systern ; mass-geornetrical parawetres: positons of the
centre of weights, the rmoments of inertia cove erving aves of cross-section and longitudival-angalar
fluctuations; rigid c haracteristics and geometrical pararmetres of tives, de forrnation characteristics and
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characteristies of wicroprofiles of 4 basie swfare on trajectories of moveraent of whe els of different
boards and machine bridges; a mode of movernent of the mackine, irfluences of the working tools
agaregated with machine at their working and transport position [5].

Growth power and tonnages for load agrenltoral machines leads 4o a considerable increase
of working speeds as inertia due to weights of transmdssions and actove working bodies, volurne s
and weights of the woddng bodies in the mackine increase and the process equipenent larnp grows.
&1 these reasons lead to an increase in dynamics of redistribution of regular loadings on machine
wheels [10].

The purpose of the present article consists in the working out of a method of definition of
norrnal reactions in support of wheels of the agrienltural wachine with statically unstable mrving
systern or a rough soil swface [F).

LIETHOD OF DEFINITION OF REGULAR LOADINGS ON WHEELGS

Study of distrioution of loadings has tobe carvied out separatel v for the following cases:

1} static position of the machine,

2} movements with the e stablished speed on a srooth suface and on a real rough field,

3 beginving of raotion fromm a place and speeding upof the machive till the establishe d speed.

For the staterent of an essence of the rmethod it 15 enongh to consider statie position of the
tnachine. The corresponding settlerent of dynarnic systerms of the machine with statically unstable
mnning systern is presented in Fig, 1.

Because the runming systerm of the considered machine 1z statically unstable at four wheel
support, i addition to the equations of static balance, the egquation of corapatibility of defbrrmation
of support iz worked out, considering the case when the machine block is not deformed. In case of
five and more support, sirdlar equations are made . The following eguation should represent the
equation of the plane which is being passed by the set four points, that iz through the centers of
points of contact of tires with the ground. We will consider the settlement scheme in greater detail.
The scheme iz generalized and extends also to the case of one brdze of the machine with dual
wheels, thus value of size L, is equal to zero.

Lt various size of wheels of forward and back bridges of the machine the corresponding
scherie is presented in Figwe 1. Thus points A, B, © Don the scheme are strochorally always inone
plane, and deformations of all the local subsysters “tire-ground™ are connected with one another
g0 that reactions R, Ry R, By counterbalance the machine weight.

Fiz. 1. The settlement s chane of 5 tahically unstable mmine sysem
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Let us accept an asswaption that deformation characteristics of aoil under all wheels ave
identical and do not depend on a microprofile of a swrface of a field on the track of each of wheels.

Let uz write down the balance equations in the accepted systern of co-ordinates:
-0 &,-R,-R,-R.—-R,-10,
M, —1:
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Expressions for co-ordinates of the certre of weights of the machine are receTved on the basis
of the scheme (Fig. 2 at transport position of the hinged eqpuiproent.
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Fig. 2. The scheme for defindtion of co-ordinates of the centre of weights of the machine
Ke

G X G A 0 A

O+, + O

)

()
PC_GK'FK+GH'PH+G@'FGR, )
G+ Oy + Ol
ZC_GK'ZK*'GH'ZH"'GGR'E@ @
O+ 0, + Gy

Lt the account tyre and ground deposits the valid co-ordinates, for exarnple points A in the
accepted systern of co-ordinates ave defired from the expression:

. A
zn:z,-i (gt.’ 5,4:} =

1=
prd
where: £, £- - ordinates of a profile of a field under wheels A..C

{2
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Let ns work out the eguations of joint deformation of stains of contacts of tives of the rac hine
with a ground.

From the machine drawing at the hong out wheels (a dot contart of wheels of a ground) we
e asure co-ordinates of points in the accepted systern of co-ordinates (X, 7' 20 etc. Then the
tnachine will be placed on a basic surface, thus the troe walue of co-ordivates Z will decrease for
sizes, accordingliy

A=Rj C,_, (6)
where:

., - the resulted rigidity of the support in the form of the tire-ground systerm (Fig. 3), and
becorne equal to:

Z,=|Z, Ko .2, =| Z, . %)
c c
. prd B
Z.=|2; R 2= Z; Ry (8)
. o C_p:d‘.'}

Then the additional ecpuatior will ariss:

X-xX, ¥Y-¥, Z-Z,

X,-X, Y.-Y, Z.-Z,|-0, o)
XB_XC }; _Yc zﬂ_zﬁ'

Lind as co-ordinates (EF,Z) concem point A, we will enter desighations:

X —Xy=a ¥ Y =b X.-X, =¢; Y. - Y =X, - X.=5, Y, -Y.= 1

Lt an assurption about small deviations from vertical moving of the points at load mackines
in weight of technological cargo, and that the ertered desiznations are constants,

the equation (%) will becorme :

a b fz)i A'Ep:-')i.R )szpyﬂe D.R ]

e d (Zp e oBe) (25 e,n-R)=0. (10

& f (EB E_m-B'RB] (ZE.’ Eprc'Rc]
If o “pmt™ the machine on a rough rde roprofile in expression (100 it 1s necessary to consider a

diffe rence betareen the level of a profile of a fleld under each wheel in cormparison with the hizhest
point. For example, ricroprofile heights under wheels £ .80.8.8  and

a7 <37 dp” <p

then the expression will avize:
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z,- {Z; G-t j [z o202, R ay
Z,-[Z--Ge, B (12
z,-[2 -5, 5., R |- [Zi-e, . B (12
Zy~[Z0- (8- Gud-y 5 Ba | (14

where: £ - is hasic ordinate.

Lz the rmoverment on casual microprofiles of a paritybetereen heights will waryall the time,
the refore, considering distributions of loadings insupport, oneach stepof calealations it is necessaty
to define in the begiredng the maxirown ordinate from wicroprofile ordinates over which there are
wheels, and then, having accepted itas basic £, = £ to count distrbution of loadings.

Let us open a detenninant (10) taking into acconnt expressions (11-14) by the Sarins rle:

a b (2 (& &) & B} (Z (4o &) eoRi)
¢ d (Z: (& &) ek} (2 (& &) o Bof=0 @3

s F % (& &) e k) (22 (& &) eporBe)

ﬂ"i'[(Z; (fc;, J.::BJ EPTB.RB] (ZE? (f.:;] éﬂ] EPf'f'R':-“ }+
+E:-£-[(Z|} (& &) ek} (70 (¢ &) E’rprn'RnJ}"'

}
+c-f'{(z§ (4o &) EM'RA] (Z; 4o &2} emoRo
)

b-c-((Z (& &) R) (22 (& &) epeRe))

afl(Zh (& &) ek} (2 (L &) emoBoli=0

Let us enter a designation and we will reduce the equation (16} to the kind:
Re=dp R+, R.+A, R+ (0 ey
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Fig. 5 - The scheme of deformation of 'the te and the sramd under a wheel
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Let us define 2, and @, on georne trical grounds (Fig. 33
D, .
BD=h,; BF=h,_; Od= 2" - 0D,

2 2
EE = AB: % —Dﬂl ! _[I;!. . = {21:'
2 2 ;

b, Db 2 z :
:J i s D _h -+-hﬁ”-2= CR_. D R.l ,

i § i i § :
4 4 ofr Cgf:
2
— Dsfl _1'2 Dﬁl i B A _ (22)
ﬂ] - 4 2 sl § e -
2
_ ID;n_.z 5],_.'2 2 (Csi'u' gij] o B (Cﬂu'-l-cghj _
- v 4 4 ¥ ' C 2 2 + shr ¥ C C -
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Considering that as the fivst appeoximation, the width of a trace in a ground after pass of
each wheel is equal to the width of a peofile of the tyre, then the average pressare I iz equal at
the point of contact in length:

R -
gsp = .
(ﬂ“ + QEIJ-BI

From experience parities between average and maxirnumn pressure which are characterized

by the factor of nop-uraformity of distibution of pressure there are know
Kg = g_‘?, (240
e

So for tires of low ressne Kq =0,38..0.54 forarch and wide-profile Kq =045.0%[1].

Therefore, it is possible to use these walues for the definition as the first approximation of
the maxiraurn pressure at points of contact of tives with the ground.

We will define average pressure as the fivst approximation from geometical parities, know-
ng tire deformation.

Lt loading B on axis i —om of the wheel equipped with the tive, under the forranla from the
aonurze [1]:

- force of resistance of rolling wheels on the ground:
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2
Pﬁ_:m.%.c.h.ﬂ.ﬁz (25
K.l' 'IE':].I'
9.R5?
h.ini‘iz : 5 2 : (28
vgf-nm.[naﬁ) K?
hﬁl.l'
D =0.1+— 27

Ir

where

D - diareeter of a fiee wheel,

g,, - bearing ability of soil,

R, - deformation of the fire of the wheel,
k- full irnreersing of the wheel in soil,

h
g, —2 - factor of elasticity of soil,

i
Falc

O.5.g°
ho= i (2)

37 ’
iBf-DP“.-[Haf] K

where

h,, - size of reversible deformation for the

soils possessing appreciable elastic prope rhes,

i, - acce pted from skilled data.

Lt =0expression for b, coineides with the forraadas resulted in works [3-3], B, 15 defined
under the formulas resulted m work [J].

Expression (2) can be transformed as follows.

[ * ’ ] [ &
a-af{ Zh- '5:':D _'§5’J - Zc‘[‘ﬁcﬂ —;C] }—RB-Q-GT-EPFB+RC-{I-GT'EPPC+ (25

*

- ; -
+b-£‘-{ EC._ ;qj_'gci _-ZD_[‘ECD_‘:#D]]}—RC'E"E"EPPC.+RD-E'-E-EPPD+

+c-_f{ Z:I_ ":':C'ﬁ_fﬁ-{i B EEJ_[‘E':C{)_;D] }_R.»{'C'f'gpp +RD'c'f'£pPD_
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" - the desighationof the sizes entering into braces.
Let uz express from the equation (29) size R, having entered the designation:

1
e fe,, E-d‘-EP,A.{RB.Eb.C ad)eyyt (30)

+Rc-[(a-d+ a-f} (Ea-£+£1-cﬂ-eprﬂ+
+Ry-[(B-e+c-f)} (e-d+a-f)]-e, ,+4q)

Let us alan designate:
(E:-c a-{f}-ep_ﬂ

R

_ [a-[:ci+f} E:-(£+c}:|-eprﬂ

B I i Y S
_[(Ea-£+c-f} (s-d+a-f}]-eprb
L= : {32)
(c-f E-d}-epm
0= 7 : (33)

[:c-f E-d}-epm

Sizes Ap A AL on each stepof the account - the constants defined in the sizes of the car,
ordinates of' a microprofile and rigid characteristics of tires and a ground under wheels.

Sobing in the cormmon systemn the equations (1) and the equation (17, 12}, we will define
the unknown values R R R R

In conrection with shsence of data about laws of change of microprofiles of a surface of
move et of a cornbine nnder differe nt wheels, we will define an adimissible difference of ordinates
of microprofiles under wheels by criterion of average pressure of the ite on the ground and adwds-
sible deformation of the ground.

For the machine decision the recetved ecuations (9) and (31-33) will lead o 2 standard kind:

ay R ta, R ta R t+a, R, =h, (34)
Q- Rty Rt Rt ey, Ry =5y,
Gy Rt K ta - Rta,- R, =h,
a,-R+a,-B+a,-K +a,-E =5,
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Here: R, =R, R,= R, R, = R, R, =R, then from the systern of equations (1)
1-k 1-R, 1-B 1-B,= G,,
0-R+0-B+ L, R +L, R =G (Ly agh

( {32
BMEAM.Rl_l_Bm-'-APM.R2+BM-R3+D'RQZGM'FE{|M$
1Bty Bt A Ryt ARy = O

where
a,= La,= La,= La,= L= G, G0
%1:D3ﬂ22:03%3:}:‘miﬂzq:LMQE'z:GM'(LM aﬂ"'f}’
B.. A B, +A4
ay=tm e B o g a0 8 =Gy,

2 27
yy I dyy = AB; iy :AL’; oy :Ab; 'E'q = (.

L1 factors in the systern of equations (35) are the constants caleulated on each step of
caleulations.

In case of the schere of statically stable ninedng systern of a rachine, for example agricul-
tural tractorwitha shaking bearn of the bridze of operated wheels distribution of lnadings to wheels
of thishridge toegually half of loading on the bridze, and taking into account sorme displace went of
the centre of weights of a tractor concerning a longitndinal wertical plane of syrametry of loading on
wheels of the back bridze are distibuted in irseerse proportion fo distances across from the centre
of weizhts of a tractor to corresponding middle planes of the left and rght wheel

Change of normal loadings on bridges of the tractor undt becanse of the hung equiprnent,
change of pressure of air in tyres and their cormplete set lead fo redistribution of the tedsting roo-
toents in the branched-out drtve to divving wheels and to actove working bodies. A1 this affects the
overall perforrnance of the indicators of rachine

wheels. The camual character of shoc ks from a deformable basic swfice on wheels and work-
ing hodies of the machive contrbutes to the dymamics of wmovement of the unit and its operational
mmdicators.

By mroper parametres of the working bodies and the connected tools in fires of wheels itis
possible to change pressure of aiv in the st of fires and to influence the efficiency of the mrring
systern of a rmachine .

CONLUEIONS

Thus, the method of calenlation of reactions in the support of a machine with statically un-
stable mmring systern has been developed at movement onboth sraooth and rough soil smfaces.

The developed method is corvenient for the carrying out of the analysis of the dymarics of
an agricultural machine . O the basis of such an avalysis the decision of many practical peoblems
iz possible, for exarple, problerns of the proper choice of parareters of the ranming systern, the
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avalysiz of fraction and coupling properties of a rmachine, choice of the hinged equiperent and
parareters definition by the accepted criteria of developenent of the ghen kind of rachines.
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BADANIE ROZKLADU NORMALNYCH OBCIAZEN KOL STATYCZNIE
NIESTABILMEGO UELADUJEZDMNEGO MARZYNY ROLMICZET
MA DEFORMOWANTYTM POLLOZT

Stesrerenae. W publikag preedstzerione alzorvbn okeslerma nopnabueh cbeigzen na kolach statyemue
meclaeilorezoulkiad jemdnes o raszyny roliezs przy mchy na deformosraoan podinsn.

Shwa kuwzowe: maszyna wbocza, statyemue mestabibior uklad jesdiy, metodyka oloeflemia nonmalnych
cheigzen na kotach



