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The article considers the problem of providing constant or almost constant values
of the blade cutting angles during one rotation of the tiller rotor with a vertical
rotation axis. Analytical expressions were obtained by analyzing the trajectory of
the tiller knife/blade, which enable to determine the change of the blade cutting
angles at a constant location and to define the patterns of this change in the ranges

equilibrium, . of (0..1) and (x...2).

adjustment of installation i i ) ) ) ) )

angle The derived expressions and conclusions make it possible to adjust the location
angle of the knife, using a pattern, in case of which the cutting angles of the knife will
remain unchanged during one rotation of the rotor. This circumstance is important
from the prospect of ensuring a uniform working mode of the rotary tiller.

Introduction per agrotechnical conditions only through their complete

Row-spacing activities are of key importance in terms
of labor-intensive priority action among the overall
agrotechnical measures implemented in the orchards and
vineyards (Damanauskas, et al., 2019; Acharya, et al.,
2019; Schjenning & Rasmussen, 2000). The latter accounts
for the activation of plants and soils biological processes,
an efficient fight against weeds and pests, and finally for
the yield capacity and product quality (Monoenkov, 2017).

The mentioned activities are possible to carry out with
increased quality and in compliance with the times set

mechanization process.

The operational practice of rotary tillers in orchards has
indicated that machines with active working parts are
more efficient (Monoenkov, 2017; Tarverdyan, et al.,
2022; Tarverdyan, et al., 2023; Panov and Tokushev,
2005; Koval, 2010; Kupryashkin and Gusev, 2020).

The first rotary tillers with active working parts were designed
in the middle of the 19th century. In 1850 the Englishman
Hoskins published a scientific paper, where he proposed
to cultivate the soil with rotary tools similar to a tiller.
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However, only in 1900 in France, Armenian engineer
Poghos-Nubar (Nubaryan) — Pasha developed and created
a workable rotary tiller for cultivating cotton fields (Koval,
2010). In the following years, the operational practice of
the rotary machines developed, tested, and implemented in
different countries of the world provides an opportunity to
assess not only their advantages but also their shortcomings,
which is vital in the process of developing improved and
upgraded machinery (Panov and Tokushev, 2005; Koval,
2010; Chatkin, 2008).

The energy consumption of technological procedures in the
case of rotary tillers is mainly and primarily related to the
geographic form, installation, and alternate arrangements
of the blades. This has been confirmed by many studies
(Panov and Tokushev, 2005; Koval, 2010; Konstantinov,
2019; Vorobyov and Marchenko, 1990; Chatkin, 2008;
Akimov, 2018). The only way to solve the problem is the
development of new rotary tillers, with the possibility of
current adjustment of the shape, alternate arrangement, and
parameters of the blades.

Taking into account the circumstance that the operational
reliability of the existing machines is low, particularly in
conditions of the soil types peculiar to the Republic of
Armenia, the latter being distinguished with high content
of stones and gravel, we have made an attempt to develop
rotary tiller with vertical rotation axis possibly free from the
above stated shortcomings upon the self-regulation of blade
installation angle for the cultivation of inter-tree, inter-
trunk, and inter-vine areas both in orchards and vineyards.

Materials and methods

Based on the formulated provisions and goals of the
problem, it is necessary to first examine the trajectory
of the blade points in the rotary tiller and the changing
patterns of the velocity vectors. This is necessary, since
the values of resistance forces and changing patterns
affecting the blades throughout the operation of rotary
tiller are determined by the mentioned factors. Only on
the basis of these data, it is possible to solve the problem
of optimizing the geometric and kinematic parameters of
the blades, from the point of view of ensuring minimum
energy consumption.

During the operation of the rotary tiller when the rotor
rotates at an angular speed @ (p=wt) and makes a parallel
movement in the direction of the x axis at a speed of V,

(Figure 1), an arbitrary point C of the rotary tiller draws
an elongated cycloid (trochoid) if A =a;_R >1 (R is the

rotation radius of the C point of blade).
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In parametric form, the equation of C point motion in the
XOY coordinate system is as follows:

x= thiRsina)t,}

y=Rcosawx.

(1

Let’s consider the movement of blade attached to the rotor
during one rotation and assume the conventional starting
movement to be the moment when the cutting edge of the
blade crosses the y axis (M point, Figure 1). The M point
draws the MCANBEF cycloid during one rotation, and since
the blade arm is fixed to the rotary tiller disk at a constant
angle y with respect to the radius (OM), the cutting angles
characterizing the technological process of soil cutting
mass are constantly changing during the rotation.

The angle of blade location in an arbitrary position A of
the trajectory — the angle y — formed by the back plane
of the knife arm and the radius O,4=R in that position is
constant and unchanged, f’, is the front cutting angle;
it is the angle formed by the tangent ¢, of the front plane
of the blade and the tangent at point A to the circle with
radius O,A=R, ¢’ is the angle formed by the back arm of
the blade and ¢, tangent, f3, is the real front cutting angle,
it is the angle formed by the front plane of the arm and
cycloidal tangent ¢, across the A point, i is the sharpening
point of the blade.

The diagram (Figure 1) attests, that
p=¢'+i; f=eti; f=p—Ae; e=¢—-A¢, 2)

where Ae is the angle made by the cycloidal tangents (74
and #,.) to the circle at the given point (A).

Figure 1. The changing scheme of the trajectory and cutting
angles of the tiller’s blade during one rotation of the
rotor (composed by the authors).
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The question under discussion aims to provide the most
constant values of the blade cutting angles during one
rotation of the tiller, since only then the equilibrium in the
changes of moment loads generated from the factors of
resistance forces applied to the rotor shaft can be provided.
It is obvious that in this case the blade installation angle y
has to be changed or adjusted.

Usually, in case of similar problems, such a constant angle
for the blade installation is identified, in which case the
front and back cutting angles of the blade arm will receive
optimal values from the point of view of the energy
efficiency of the technological process during one rotation
of the rotor. Based on the goal of the problem, let’s try
to solve the “inverse” problem and, based on the results,
develop an adjustment system for the blade installation
angle.

Since the installation and cutting angles of the blade arm
are related to the angle (Ag) formed by the tangents to the
cycloidal and circle of radius R at the given point of the
trajectory, it is obvious that first the angles formed by the
said tangents to the positive direction of x and patterns
of their change during one rotation of the rotor should be
determined.

Observing the movement of any point of the blade in a
circle with radius R, we can write:

x = Rsin wx, . 3)
y = Rcos wr.

Projections of the moving speeds of the point will be:

d.
V. =2 = R cos oot

dt

y 4)
Vv, =Y~ _Rosinar

dt

The angle formed by the tangent at any point on the circle
will be determined as follows:
dy _ sinwr _

tgf, = -
&% dx cos wt

—igoQ. 5)

The equation of a point movement with a real trajectory
— a cycloid - is described by the expression (1), the
components of the velocity will then be:

dx

V.=—=V £ Rw-coswt
da "

vV, =ﬂ=—Rwsin wt ©)
dt

The equation of the tangent extended at any point of the
cycloid will look like this:
dy _ Rwsin wt

1g6, = —_—
dx V,* Rwcos ot

(7
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i Ro . . .
or g, = —arctg (M) ,where 4 = > s the kinematic

1+ Acoso s
parameter of the rotary tiller.

From (5) ,=-¢ hence the angle formed by the two tangents
extended at the arbitrary A point of the trajectory — Ag, -

will be (Figure 1):
( Asing j
—arctg| ——— |+ . ()

Ag, =6,-6,=
From the point of view of the relevancy of further analysis,
the following can be determined from AAPK (Figure 1):
sz =V, +V; =2V, V, cosAg, )

where Vy=wR is the circumferential velocity of point A, V,
is the total velocity of A point, directed by the tangent to
the cycloid at that point, the module of which is determined
through the following expression:

V,= \/VfTVyZ, or placing from (6) —

V,=V2+VZ £2V V, - cos g, Placing in (9) we’ll get:
Vi £V, V,-cosg

cosAe=
VJVE+VE£2V Vy-cosp 07
+
A& =arccos Atcosp A (10)
JI+ A £22-cos @

Deriving (10) expression per and equating to 0 we’ll have:

1 ' Axcos@ ~0
\/l— Atcosg JI+ 2 +24cosp)

J1+ A2 £2Acos @
or 2(1+A?)sing F 4Acos@-sing-2A%sinp+2Asing-cosep=0
an

It follows from the expression (11), when when ¢={0; x;

Ag =—

sing(1+Acos@)=0.

2r}, Ae=Ag,,;,=0 and when ¢, = arccos 1%) and g,=¢,+m,
Ag acquires the maximum value:

Ae=Ag,, =arccos

- 12
PR (12)

Since during one rotation of the rotor Ae¢ changes the sign
Ae=0,-0, (Figure 1), in the range of 0<p<r 6,>6,, and in
that of 7<¢p<2m 6,<6,, hence the changing pattern of Ae
should be discussed in two variants:

Axcos@

JI+ A2 +20c0sp

The variant with “+”" has been analysed, while in case of
“-” sign, when ¢p={0,r,; 2r}, we’ll have:

Ae=xarccos

(13)

1
Ae=Ag,,=0 and when ¢, = arccos(?z) and p,=¢, 1
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A =1

AN =1

Ae==%f{p) (diagrams are introduced in Figure 2).

Ae=Ag,, =—arccos (obviously 2>1) (14)

Results and discussions

Based on the theoretical and practical research results
related to the rotary machines with vertical rotation
axis (Tarverdyan, et al., 2022, Tarverdyan, et al., 2023,
Tarverdyan and Sargsyan, 2015), during the design of
diagrams we have found it relevant to take the following
geometrical and kinematical values as baseline data:
R=0.35m; w=11s"; 1=3.85; V,=1.0 m/s.

The diagrams show (Figure 2), that the signs of the
members in (13) expression (£2Acosgp) do not affect the
modules of Ag,, and Ag,,;,; only their values are derived
from different values.

Thus, in case of “+” sign of the mentioned members,
when the expression is also with “+” sign: Ag,,;,,=0,when
0={0,7c; 21t} A& o =15"when p={105° and 255°}; (ABCDE
curve in Figure 2).

Ag, rad | I T
[1830.26) | . | |_t245)0.25)

&3 |

s

-01
: Wi
02 = 17

———
-0.3

{1.83-0.26) i | (4450280
|

0.4

A+ cosgp A+ cosp

—As = grecos (.'-_TT); —de= —chcas(i): A =385
W1 +2 + 2lcosg, NED AT 2dcosg,

Ag, rad
0.3 (1.3110.25) (4,96 0,26)
| ] .|
02 <1 = \\‘\
o1 [ A ;
iy ' N,
w2 7 I @, rad
.1 / ! ! |
02 \ 7 / ] \“ = |
g e
I e || | ||| eesaE ||
-0.4 o
—hs= arms(t&); —Ag = —arccos (,%) A=385
o L+ 2% —2lcasg, o L+ 3% — 2Acosp,

Figure 2. Diagrams of Ae=£f{p) function throughout single
rotation of the tiller’s rotor (y=const) (composed by
the authors).
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In case of “-” sign of the expression (AMCNE curve in
Figure 2a) Ag,,.=0, when ¢={0;z; 2r} and Ag,,;,=-15°,
when p={105° and 255°}.

T3 L)

In case of the sign “-” of cosg and 2Acosp members when
the expression is with “+” sign: A¢,;,=0, when ¢={0, =,
2r} and Ag,=15°, when ¢={75" and 285°} (ABCDE
curve in Figure 2b), in case of “-” sign of the expression:
A&pax=0, when ¢={0;z; 2z} and Ae,;,,=15°, and
p={75% and 285%} (AMCNE curve in Figure 2 b).

The real change of the cutting angle in the tiller’s blade
during one rotation of the rotor (E?) is described in the
range of 0<p<rz with ABC curve, whereas in z<¢p<27 range
- with CNE curve or in the range of 7<p<r - with AMC
curve, while in 7<p=<2r range - with CDE curve (Figure
2), depending on the direction of rotor’s rotation. This
statement is of vital significance in view of the objective
of the problem discussed.

The changing pattern of the cutting angle in the rotor’s
blade depending on the kinematic parameters of the unit
gives a ground to induce important judgements from
the practical perspectives: the uniformity of the work
in the rotary tiller with vertical rotation axis can be
ensured, particularly in case of relatively high values of
kinematic parameters, but their structural features and the
requirements for the implemented technological processes
do not allow the kinematic parameters to be increased
beyond the size determined for practical considerations.
Therefore, the only way to solve the problem is to adjust
the blade location during the work.

The relationships between the blade location, cutting
angles and their changes have the following form:

(15)

This relationship is well-known and has been always
dsicussed from one perspective: y and y are constants; the
changing parameters of f and Ae during single rotation of
the rotor in case of different values of y and i have been
studied (Panov and Tokushev, 2005; Kupryashkin and
Gusev, 2020; Chatkin, 2008).

y:%—ﬂﬂ'—Ae

In the current case the changing parameter of y is considered,
in case of which the cutting angle f keeps the optimal
constant or almost constant value during single rotation.

Placing A¢ value in (15), we’ll get the following from (13):

+
7(?):2-[84_1'13['0005 w s
2 JI+A*+24cosp
i is the sharpening angle of the blade, it is constant in each
specific problem, we assume that f is also constant as a
precondition and hence assigning 3 [+i= Kwe can write:
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Axcosp
. (16)
JI+ 22 £24cos @

The extreme points of y=f(p) function are determined in
the same way, as in case of A¢ investigation.

y(p)=KF arccos(

It follows from y'(p)=0 condition, that 7(¢)Zi): points are

sinp=0
determined from the conditions of 1.
cosp=F—

A

It is relevant to track the changing regularities of 1y
depending on the rotor’s rotation angle (p) by the above
stated example identifying also the optimal value of K
constant based on the results of theoretical and practical
research conducted in the previous years (Tarverdyan, et
al., 2022; Tarverdyan, et al., 2023; Panov and Tokushev,
2005; Kupryashkin and Gusev, 2020; Chatkin, 2008).

Let’s assume that =28 i=2(’, in case of those values
K=1.43 rad. The dependence graphs (diagrams) y=f{p)
have been designed for the same variants and cases, as in
the case of Ae=f{p) diagrams.

The value of blade installation angle (y) in case of ¢={0;x;
2} values y,=K=1.43 rad,, in (16) expression in case
of “4+” sign in cosg and 2Acos@, V,.=1.693 rad (=97°),
Vmin=1.1697 rad (66°52°), when respectively p={1.834 rad
=~(105°) and 4.45 rad~(255%}.

In case of “-” sign: the values of y,, and y,,, are the same
as in the previous case.

In all cases in the considered example Ay=+0,263 rad,
which is equal to +Ae.

The results indicate that upon the regulation of the
installation angle (y) of the tiller’s blade, it is quite possible
to ensure a constant value for the blade cutting angle
during a single rotation of the rotor. It should be taken into
consideration that if the selected rotation direction of the
rotor is in the way that Ae=f{p) dependence is described
with 4A'B'C’'N’E curve (Figure 2), then the regulation
of y should be implemented through curve (Figure 3),
considering the manifestation of the functions in the ranges
of 0<p<r and 0<p<2r, depending on the signs of cosp and
2Acosp members.

In case of self-regulating blad% of the rotary tiller it is
necessary to ensure the min =E—A5max condition for the
effective soil treatment (Panov and Tokushev, 2005),
upon Y, >A&,.. Assuming that in the boundary case
Vin=DEmax, considering (14) expression and modifying
(16) expression, we can get:

Agricultural Engineering

A1 =tarccos ﬂ
) - P (17)

2

Kt arccos(

wherefrom K =+2arccos (“-” sign doesn’t have

any sense, since K>0) and hence from the first expression
the minimum boundary value of A will be:

N7 1
Al s oor 2 = . (18)
A 2 K
Sin?

¥, rad

B' (183 1.65) b (445 1.69)

b
LA TN )

N s 177

A [1EE 13T

o =2 T e . rad
A+ eosy A+ cosg

_— | = 1.43—ar::a:($);1 = 3,85
ST nkom]

—r =143+ nv:ca:( = =
N1+ A+ 2dcosg,

y, radd

B (131 1,68 o5 168

-l L /
il A 1|

14

13

S

—
W AT

12

{

4,98 1,17)

11

1

2 7 ® Yan . rad
g
) P =) = 143 — arccos (7_.,.,‘(_.._“?_.);1 = 3,85
A1+ 3 - 2icosg,

A—cosg
N1+ 3 = 2dcosp

¥ =143+ nmcos(

Figure 3. The diagram of y=f{p) function during a single
rotation of the rotor in case of constant cutting angles
(composed by the authors).

It is obvious that for the selected K constant the real
kinematical parameter () of the rotary tiller should be higher
than the boundary value (4,) of the parameter estimated via
(18) expression.

Identifying and accepting the kinematical, geometrical and
optimal parameters of the blade installation angles of the
rotary tiller - R; V, o Ay By & i— necessary to regulate
(change) the y according to (16) expression, so that 5 could
stay possibly constant.

After setting up the changing function of the blade
installation angle (y), related to f=const condition, the
next important step is the implementation of y changing
pattern during a single rotation of the rotor. The regulation
of the blade installation angle (y) is possible to carry out
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through different technical solutions, particularly through
mechanical copying with the impact of resistance forces
using inertial and elastic elements (there will be a separate
reference to this issue in the near future).

In all solution options, in addition to y,,=f(¢p) function, it
is necessary to also have the variation graphs of velocities
and accelerations for the blade arbitrary point depending
on the rotation angle of the rotor (¢).

The velocity graph (Figure 4) has been designed per (6)
expressions, whereas that of acceleration — per the (20)
expressions presented below.
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5 |: ( Asin at j]
a,=Rw’ sin| —arctg| ————
1+ Acoswt

a =R’ cos [—arct (MH ,
! € 1+ Acoswt

Another important factor in the regulation process of blade
installation angle is the disclosure of variation patterns of
resistance forces. Accepting that the resistance force of the
blade is directed to the total velocity of the blade (V) along
the vector’s impact line and has the opposite direction
(Tarverdyan, et al., 2023; Akimov and Konstantinov,
2018; Konstantinov, 2019) we can draw out the torque
value applied to the rotor’s shaft.

(20)

VieVye
mis g
5 — =
4 Y
2 i
2 P /|
1
o 0
1 &0 50)&1:{1/#1 210_246_270_300_350
2 |/
3 / e |
b N
(@) -5
—y, —v,
a,.a,
mis’
40 = == e N S - =]
s I N | 7 T
% ™, / AN J
10 / /1N N
0 .
.10 \‘a 090 160 zm/ 0210 240 270 300 330 ¢
_20 Y |
_30 \‘ /J/
40 N
®)

Figure 4. Variation graphs of velocity(v,,v,) (a) and acceleration
(a,a,) (b) components of the fixed point in the rotor’s
blade(composed by the authors).

Since the rotor rotates at a constant angular speed
w=const, there is, therefore only centripetal acceleration
a,(w)=w’R, which, however, has both normal and
tangential components to the cycloid trajectory.
a,:Ra)zsmq}’ (19)
a, = Ra’ cos 6,
where 6, is the angle formed by the tangent drawn to the
real trajectory of the fixed point of the blade and x axis
with positive direction in the case of an arbitrary rotation
angle ¢ of the rotor. Considering that according to the (7)
expression:
Asing

——— |, hence, the acceleration components
1+ Acos (pj ’ P

6 = —arctg(

will be:

(a)
BN |
g ANEs i
A NN
71.5 ..-// \\.._,// \\\__
" g 30 60 30 120 150 180 210 240 270 300 330 099
(b) s

Figure 5. The diagram of determination of resistance moment
applied to the tiller’s rotor shaft (5a) and the graphs
of variations of resistance force applied to the tiller’s
blade (5b).(composed by the authors).

M,=Ph, where h=R-cosAe, is the arm of force couple
(Figure 5a). By placing the h value, considering the (10)
and accepting, that the external moment (M) applied to the
rotor shaft balances the resistance moment, for P, force we
can have the following:
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M
P, = =

Axcosp
R-cos {arccos (H,Viucm,ﬂ

_ M1+ A*+2Acos @ @
(A+cosp)-R
Variation graphs for P, are introduced in Figure (5b). The
changing pattern of P, during a single rotation period of
the rotor should serve as a background for y regulation
with the account for the impact of resistance forces and
selection of the blade’s geometric form.

Conclusion

As a result of analysis of the blade trajectory in the
rotary tiller with vertical rotation axis several analytical
expressions have been derived, which describe the
changing patterns of the blade cutting angle during a
single blade rotation; besides, it has been identified that
the axis perpendicular to the movement direction of the
unit devides the trajectory into two domains in which the
expressions for the determination of the cutting angle
changes are different.

The derived expressions enable to solve the problem of
keeping the cutting angles in a constant state throughout a
single rotation period of the rotor by means of regulating
(self-regulation) the blade’s installation angle, which is of
utmost significance from the prospect of ensuring uniform
working mode for the rotary machine.
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