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, The studies of the kinematic of the rotary tillage tool are presented in the article. There were obtained
equations describing the trajectory of any point of the rotary tillage tool with a horizontal axis of rotation.
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Rotary tillage implements are one of the most widely used for soil tillage operations in modern
agriculture. Their performances in terms of energy requirements and quality of work are characterized by the
trajectories of the rotary tillage tools. A number of researchers proposed equations describing the trajectory
of the rotary tillage tools [1-8]. For the tools with the horizontal axis of rotation the equation will be written as
follows:

X:vic‘:s-‘r}?-cosﬁ-cosaz 1)

lV: R-sinff-cos8;
Z = R(1 —sin 6).

Where x,y,z — the coordinates of the considered point M of the tillage tool in a fixed rectangular
coordinate system OXYZ (Fig.1); '
R - radius-vector CM,
8 — the angle of turning of the radius-vector CM from the horizontal plane;
£ — the angle of inclination from the direction of travel;

1 — coefficient describing the tillage tool slippage on the furrow bottom.

4

Fig.1. Schematic view of the rotary tillage disc in the coordinates system OXYZ
Equation (1) describes the trajectory of one point M only. Consider the points M, and M, rotating in

the same plane with the point M. The first of them moves with the angle of lag A, the second with the lead
with the same value of angle (Fig.2).
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Fig.2. Scheme of the location of points M, and M,
The trajectory of the point M, according to expression (1) will be described as follows:
X=—L2 +R.cosf- cos 8 —A)
: r:cofﬂ ﬁ ( ) (2)
¥Y=R-sinf cos(@ —4)
Z =R[(1-sin(8 - A)].

[}

Similarly, for the point M.:

siis D : i G
( N=rE2 4+ R s zos (6 + 4); &
‘(&': R.sinf cos{@ +4):

Z =R[(1 —sin(@ + A)].

A system of equations describing the trajectory of any point of the rotary tillage tool rotating in one

plane will be obtained by combining (2) and (3):
if‘:g +R-cosfcos(@ + 4)
l Y=R -sinff-cos{f +A):
. Z =R{[(1-sin(@ +2)].

The sign (+) is used for the points moving with the lead, and (-) - with the lag respect to the point M.

Consider the motion of the point M; (Fig.1). Its phase of the motion differs from point M. Moreover,
they are located apart from each other at a predetermined distance along the axis CCs.

Assume that the points M and M; rotate at the same phase. When 6=0 points will have the following
coordinates (Fig.3 and 4):

(4)

M (R -cosf, R -sinB; Z = R);
M;(R-cosf—1-sinB; R-sinf +1-cosf; R)

Distinction of the coordinates of these points on the coordinate axes is follows:
XM3 = XM =—{.-sinf;
"yM3_yM=" CCIS'G: (5)
ZM3 - ZM = 0.

T
Fig.3. The general scheme for determining the initial coordinates of the points of the tillage tool
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Fig.4. Scheme for determining the coordinates of the point M,

Adding to the equations (4) corresponding distinctions of coordinates of points (5), we obtain

, _(F:6,F - .
N="222+R-cosfcos(0 1 0)—I-sing:

Y=R .sinfB-cos(8 +8,) + 1 cosf: (6)
Z =R [(1—sin(8 = 8 )]

The equation (6) is universal, since allows determining the trajectory of any point of the rotary tillage
tool with a horizontal axis of rotation.
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