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Abstract. The article presents the results of theoretical studies on the study of the oscillatory motion of a
tandem roller in the longitudinal-vertical plane, while to ensure the high quality of the tandem roller, the
amplitude of its forced oscillations should have a minimum value, and it is emphasized that in practice this
is mainly ensured by the correct choice of the longitudinal distance from the center of rotation of the slatted
and tubular roller to the “O” hinge, as well as the number of slats and tubes installed on the rollers.
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Introduction

Currently, in the composition of combined machines, plate, toothed plate, segmented, tubular, flat
surface, toothed and ring-toothed rollers are widely used [1]. But these types of coils have several technical
and technological shortcomings that affect their performance. In order to overcome these shortcomings, the
existing coils at the Scientific-research institute of agricultural mechanization were improved in order to
increase their performance, and on this basis, a two-row (tandem) coil was developed, and scientific and
innovative studies are being carried out to justify its parameters [2].

The tandem reel consists of an N-shaped frame 1, slatted 2 and tubular 3 reels, and pulleys 4, which are
mounted back to back on it (Figure.1). Ties 4 connect frame 1 to the machine.

The reels are mounted on the frame using bearings, the drawbars are hinged to both the frame and the
machine, allowing the reels to adapt to the field terrain.

In the process of work, the plate roller installed in the first row softens the top layer of the soil, grinds
lumps and partially compacts it, and the tube roller installed in the second row additionally grinds lumps and
compacts the soil to the required level.

This article presents the results of theoretical studies conducted on the study of the vibration behavior of
a tandem roller in the longitudinal-vertical plane.

Materials and research methods

During the movement of the aggregate, due to the unevenness of the field surface and the variation of
the physical-mechanical properties of the soil, the reaction forces exerted by the soil on the rollers are
constantly changing during the work process. This leads to the imbalance of the rollers in the longitudinal
plane and the oscillating movement around the “O ” joint. This, in turn, has a negative effect on the uniform
compaction and compaction of the soil throughout the soil. In order to reduce and eliminate this effect, we
create and solve the differential equation of the oscillations of the coils around the “O " hinge. We accept the
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following restrictions [3]:

- during work, the unit moves at a constant speed;

- Frictional forces in the “O " joint are low and do not affect the vibrations of the rollers;

- vibrations of the machine frame are small and do not affect the vibrations of the rollers;

- the equilibrium position of the pulleys connecting the coils is horizontal, and their deviation from this
position is a small angle.

Study findings and their discussion
Taking into account these limitations and the calculation schemes presented in Figure. 2, the differential
equation of the oscillations of the coils around the “O” hinge will have the following form:

d*y .
+(N,,, —m,g)l,cosy + N, | siny, (1)

where J, — is the total moment of inertia of the rollers relative to the “O” joint (including traction), kg/m 2;
— deviation angle of the pulleys connecting the coils,’; Ntz, N7y — vertical and horizontal components of the
reaction force acting on the tube coil by the soil, respectively, N; mr— is the mass of the tube roller, kg; g —
acceleration of free fall, m/s Iy, I> —longitudinal distances from the center of rotation of the plate and tube coils
to the “O " hinge, respectively; Nzz, Nmzx — vertical and horizontal components of the reaction force acting on
the coils by the soil, respectively, N; mz —is the mass of the plate roller, kg;

Since the angle of deviation of the coils from the equilibrium (horizontal) position is small, we consider

that siny=y, cosy=1, and write (1) in the following form
2

dy
Jy qt2 = (mT 9—Ny )Iz = Npxby + (N, =m, @)l + Ny (2)

The reaction forces Ntz and Nz in this expression are linearly dependent on the amount and rate of soil
deformation under the influence of rollers N ¢and Ntand we consider that it consists of Ntdriving forces arising
from the unevenness of the field surface and the variability of physical and mechanical properties of the soil

[4],

Nz =Npg + N+ N 3
and
Ny =Np, + Ny + N 4)
Taking these into account, expression (2) will have the following form
d’y
Jy dt? = (ng — Ny =Ny - NTt)IZ =Ny Ly +
+(N,, +N,,+N_,-mg)l,+N,_ L. (5)
In the state of static equilibrium, i.e., in the state where the tension of the coils is horizontal (Figure. 2,
a) [4]
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35 N, = hTaCTBT’ (6)

4 ‘ N, =h,CBy; (7)
‘ Ny =0; Ny =0; N, =0; N = 0, (8)
where hm, hry — are the depth of immersion of slatted and
tubular coils into the soil, m; St - soil compaction brought to
a unit coverage width of sheet and tube rollers, H/m?; B;; Bt
3 - are the covering width of the plate and tube coils,
respectively , m.

w under the influence of the forces acting on them

[3%]

== E————— (Figure. 2, b)
N, = (hTo + Izl/j)CT SRNC)
IRl L L Nna:(hna_I1V/)CTBn; (10)
dy
N szBle Ev (11)
L H 0 H dy
N = _bT Bnll E , (12)
.. : Ny, = AR, (t); (13)
et ,': N = ARy, (t) , (14)
- where br— is the coefficient of resistance of the soil with flat
] 3 and tubular coils per unit coverage width of the coil, H-s/m ?
- . We put the values of H-¢/m?. Nzs, Njzo, N7, Nizr, N and Nz,
1 — frame; 2 — plate roller; according to expressions (8)-(13) in (5)

3 —tube roller; 4 - pull
Figure 1. Scheme of the tandem winding

2

d d
1~ = |:ng —(h, +Lw)C, B, —b,B,l, d_i/_ARZT (t):| l, =N Ly +

y dtz

d
{(hw +1w)C,B, —b,B,I, d—";’ — AR, (t)- mng}ll Ny, @)
In the state of static equilibrium of the coils

(ng_hTaCTBT)IZ+(hH¢)CTBH_mHg)Il:0' (16)

Taking this into account, equation (15) will have the following form

d’y dy
Jy dtz :_|:CTIZBT'7[/+bTBT|2E—i_ARZT(t):IIZ_NTXIZW_

d
t |:CT B,y —b,B,l, d_Vt/ — ARy, (t):l |+ N by 17)

Let us reduce this equation to the following form
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d2 2 2 d 2 2
J, dt‘é’ +b; (B, 12 +B,; )d—'/t’{cT (BalZ +B12)+ Nyl — NHXll]y/ -
= AR, (), — AR, (t)1,. (18)

This equation is Nzx and Nzx is a second-order non-differential equation with variable coefficients
because the forces are variable [5] and represents parametric fluctuations [6]. But due to the large damping
property of the soil, parametric oscillations of the coils relative to the “O” hinge are not observed, and in
practice they are 4Rz (t) and ARzt (t) Forced vibration acts under the influence of forces.

Based on this, considering the forces Ntx and Nzzyin equation (18) as constant and equal to their average
value [3], we make it look like this
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Figure 2. Scheme for determining the angular oscillations of the rollers around the O-joint

d? d =N
3, St (B0 B L (B0 B N1, Ny -

=AR,, (1), —AR,, (1)1,, (19)

where N7 | N’ _are the average values of forces Nzx Ba Ny respectively, N.

(18) is the variable on the right-hand side of 4Rz (t) Ba 4Rzt (t) we consider that the forces change
according to the harmonic law,

N

ARy, (1), - AR, (t)I, = (ARl — AR} 1, )cos net, (20)
n=1
in ARQH, ARQT —correspondingly variable 4Rz (t) Ba ARzr (t) amplitude of harmonics of forces, N; n=1,
2, ..., ni — number of harmonics; w — is the rotation frequency of variable forces, S7,
t—istime, S

Taking into account the expression (20), the solution of the equation (19) representing the forced
oscillations of the windings has the following form [7]
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w(t) :J—Z[(ARznll - AR}, )cos(not -3, |:
y n=1
- - 5 , (21)
CT (Bn|12 + BT|22)+ N;)};Iz - leg(ll _(na) 2 n bT (Bnllz + BT|22) (na))2
J J
y y
in this
B I2+B,12)]
5, = arctg 2m(na))2 = arctg B (Bl +B/l;) (nw):
k? —(nw) Jy
C, (B,12+B,12)+ NI N |
T( 1m'1 TzJ) X "2 17X1_(na))2 9 (22)
y

J

According to (21), the amplitude of the forced oscillations of the coils is equal to the following

n 2 ] AT
A =L S8R0 - AR 1 )| S Bubt Brla) + NRL Z NG
y n=1 J,
B I12+B.12)] 1
+(na))2]2+ bT( 173 TZ) (na))z}zl (23)
y
Usually Bz = Br. Taking this into account, the expression (26) becomes:
n 2 Py NP
A =iZ(ARQHI1 _AR;T|2>+ CTB(Il + Iz) +Npcl, =Nyl +
y n=1 Jy
2
B(17 +12 1
+(na))2}2+ bT (Jl 2) (na))z}z’ (24)
y

where B — is the coverage width of the coils, m.

Conclusion
A; should have a minimum value to ensure high performance of the windings . From the analysis of the
expression (24), in practice, this is ensured mainly due to the correct selection of 11 and I> and the number of
plates and tubes installed on the coils with plates and tubes. If the reaction is provided due to the change of
n;
n n
these factors, the Z(ARznll + ARZTIZ
n=1

equal to zero and very close to it, and the highest results are achieved in terms of the quality of soil compaction
and the level of compaction.

): 0 coils will improve the amplitude of forced vibrations is
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