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Abstract: In the article, it was determined that the working quality of the combined aggregate
roller depends on the mass of the roller, the uniformity of the pressure spring and the physical
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Introduction. The problems of high-quality tillage of the soil with minimal energy costs for
planting cash crops have been considered in many scientific works [1]. V.G.Abezin [2],
V.l.Malyukov, A.D.Em, V.N.Zhukov [3] and others have conducted researches on the creation
of police machines, justification of their construction, and justification of the parameters of their
working bodies. The design and parameters of the machines that till the soil before planting and
planting in the cultivation of field crops are based on V.G. Abezin, N.V. Aldoshin and V..
Malyukov. These studies did not consider the issues of preparing the soil for planting rice crops
in one pass with minimal tillage.

The purpose of the research is to justify the vibrations of the combined aggregate roller, which
prepares the soil for sowing of field crops, in the longitudinal-vertical plane.

Materials and methods. During the movement of the roller of the combined unit [4], which
prepares the soil for the planting of field crops, the vertical Nz and horizontal Nx reaction forces
(Fig. 1) acting on it are constantly changing due to the unevenness of the field and changes in the
physical and mechanical properties of the soil. As a result, the roller oscillates in the vertical
plane relative to point O (hinge), that is, it has angular oscillations in this plane during operation.
This leads to uneven compaction of the soil. In order to prevent this, the amplitude of the
oscillations of the winding under the reaction forces Nx and Nz should be as small as possible.
To solve this problem, we construct the differential equation of the movement of the roller in the
longitudinal-vertical plane.

Results and discussion. We take the angle of deviation of the traction from the horizontal
position a as a generalized coordinate, and using the differential equation of the rotational motion
of arigid body around a fixed axis [5], we have

d’a -
J e (mg—-N,)lcosa+Q,| cosa—N,lIsina,
where J is the moment of inertia of the roller relative to point Oq, kgm2;
mg — mass of the roller, kg;

108 a journal of the AMERICAN Journal of Engineering, Mechanics and Architecture WWW. grnjournal.us



g — acceleration of free fall, m/s2;

| — the length of the roller bearing, m;

Qn is the pressure force of the spring, N;

I, is the distance from the point O; to the point where the force Q, is applied, m.

4

Figure 1. Scheme for the study of vibrations of the roller in the longitudinal-vertical plane:
a, b - states of equilibrium and deviation of the roller from equilibrium, respectively.

Since the angle a is small, sina = o, cosa = 1, and we change the expression (1) to the following
form

d’a
dt?

We consider the vertical component of the soil reaction force N, to be composed of the sum of
the forces Ng and Ny, which are linearly dependent on the amount and speed of soil deformation,
and Nt, which are caused by the unevenness of the field and the variability of the physical and
mechanical properties of the soil [2], i.e.

J

=(mg-N)I+Ql —NJla. @

NZZN()-I-Nm—I-Nt. 3)

Taking into account this expression, the expression (5.7) takes the following form
da

J 7 =(mg-N,-N, —N)I+Q]l —Nla.

In the state of static equilibrium of the coll

Nd - hdcmeBe; (%)
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N, =0, (6)
N, =0; 7
Q,=Q,, ®)

where hy is the vertical deformation of the soil when the roller is in a state of static equilibrium,
m,

Cmg - 1 the compactness of the soil applied to a unit coverage width of the working body, N/m?;
By - is the covering width of the roller, m;
Qo - Is the initial tension force of the pressure spring, N.

When the tension connecting the pulley to the frame deviates from the equilibrium position by an
angle a under the influence of the forces acting on it

Nc) :(h0+|a) CmeBz; (9)
da
Nm = bmeBeI dt ! (10)
N, =—AR, (t) (11)
Qn — QO o Cnlna’ (12)
where bmg is the resistance coefficient of the soil per unit coverage width of the roller, H'C;
M

C,, — coefficient of friction of the compression spring, ..
M

Substituting the values of Ng, Ni,, N; and Q, into (4) according to expressions (5)-(12), we get

the following
d’a l, der
J F = ng + (QO — Cnlna)T _(hd + |0()szBz — bmele E + ARZ (t) I — lea. (13)
In the state of static equilibrium of the coll
(meg _thmeBe)I +Q0|n :O (14)
Taking this expression into consideration, the expression (13) will have the following form
d? d
I=—Z AR (N -Cl2a—C, BlPa—b BI’~2X—NJla (15
t2 z nn me =4 me =1 dt X
or
d’a

2
J +bm232|2?j—f+ Cm2B2I+Cn|T”+ N, la=AR (t).  (6)

t2

This expression is a second-order inhomogeneous differential equation with variable coefficients
due to the variation of Ny.
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It is known from the theory of oscillations [6], expression (16) represents parametric oscillations.
But due to the large damping property of the soil, parametric oscillations of the coil are not
observed. Basically, it is forced to oscillate under the influence of a variable force AR(z).

Therefore, we assume that the force Ny is constant and equal to its average value, and we
consider the forced oscillations of the winding under the influence of a variable force. In this
case, we assume that the power changes according to the sinusoidal law, i.e

AR, (t) = AR, sin af, (17)
where 4R, - is the amplitude of the alternating force, N;

o - is the rotation frequency of alternating power, s™.
Taking (17) into account, the expression (15) has the following form

2 2
J dtf‘ +bm232|2‘;—‘t”+(|\|x +C,.Bl+C, IT”JIazARZISin ot (18)
or
2
(ijt? +2n%+kzg= H sin at, 19)
|2
B2 (NX+CWB2I +C, "jl
inthisnzbmz—z; k = | BaH=ARZI
2J J J

In equation (19), the solution representing the forced oscillations of the coil is written as follows.

alt) = AR, sin(at —&,) | 20)
— 12
|2
N,+C, BIl+C, | 2
m | I 2 bmeBz 2
2 5 - + [0
m.| m,
and the maximum angle of deviation of the spool tension from the equilibrium position
AR
Aoy = z (21)
— |2 _2
n
NX+CmeB2I+CnI 2 b B\ )
m | -0 | + "2 o
m.| m.|
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b,.B.lw
|2
N, +C _BIl+C, i‘—mzla)2

in this O, = arctg

Conclusion. The analysis of the obtained expressions (20)-(21) shows that the uniformity of the
depth of immersion of the roller into the soil, and therefore the density of the solil, is related to its
mass, the length of the tie connecting it to the frame, the uniformity of the pressure spring, the
amplitude of the variable force DR(t) and the physical and mechanical properties of the soil
depends, and the quality of work at the required level for the given working conditions is
achieved due to the correct selection of the mass of the roller and the stiffness of the pressure

spring.
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