JARITS. 2022. Issue 28

https://doi.org/10.26160/2474-5901-2022-28-87-93

EVALUATION OF ENERGY REQUIREMENT OF TILLAGE WITH A
ROTARY TILLER

Belov M.I.
Russian State Agrarian University — Moscow Agricultural Academy
named after K.A. Timiryazev, Moscow, Russia

Keywords: L- type knife, rotary tiller.

Abstract. A rotary tiller with L-shaped blades was consider& computer model of the movement
of a rotary tiller knife, based on the equationgh# knife point movement, was used to assess an
energy requirement and a quality of soil treatméaking into account the radius of the rotor, the
size and the rake angle of the straight profilehef knife, the width of the knife, the distancenfro
the rotor axis to the soil surface, the speed mtary tiller frame point, the tillage pitch, thember

of knives on one side of a flange and the directiba rotor rotation. It was found that the reverse
rotation of a rotor is ineffective and an efficignaf soil treatment increases with the increasthén
number of knives on one side of a flange.
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KuroueBbie ciioBa: ['-00pa3HbIii HOXK, TOYBEHHAs pOoTOpHAs ¢pesa.

AnHoTauus. OOBEKTOM HWCCIEIOBaHUs CIY)KHJa TOYBCHHAs pOTopHas ¢pe3a ¢ [-o0pa3HbIMHU
HOYKaMH W TOPU30HTAIBHOM OChI0 BpamieHus. Llens uccinenqoBanus cocTosia B 000CHOBAaHWN METO/1a
OIICHKH YHEPTOCMKOCTH M KadecTBa 0OpabOTKH IMOYBHI HA OCHOBE Pa3pa0OTaHHOW KOMITBIOTEPHOU
MOJICJIM JIBMDKCHHS HOXa. Y CTaHOBJICHO, YTO PEBEPCHBHOE BpallcHHe poTopa Hed()(EeKTUBHO, U
3¢ (eKTUBHOCTh 00paOOTKU IMOYBBI BO3PACTACT C YBEIMYCHHEM YHUCIA HOXKCH Ha OKPYXKHOCTH
poropa.

1. Introduction. The quality of soil treatment can be assessehé\size of
soil pierces. The soil treatment quality and eneggyuirement can be considered as
main indicators of rotary tiller efficiency. The qppose of this study was to develop
the computer model of soil treatment for invesimabf effect of the number of L-
type knives on one side of a flange, the rotorusdihe forward speed of a rotary
tiller frame point, the tillage pitch, the direatief rotor rotation and some other
parameters on the specific power and quality of cdltivation. The basis was a
computer model of knife movement. Among the knieéslifferent types L-type
knives are more common in rotary tillers becauseatokffectiveness [1]. Much
attention is paid to the study of the geometricapsaters of L-type knives of the
rotary tiller [2-4]. Effect of rotary tiller kinentec parameters on a quality of soill
treatment is also studied [5, 6]. However, the tjoesof the combined effect of the
tilage pitch, the number of knives on one sideaoflange and the geometric
parameters of the knife on energy consumption nesngpen and actual.
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2. Mathematical model and methods. The following designations were
introduced (Fig. 1)Oxyz — a fixed orthogonal system of Cartesian coorésatith
the horizontalOx axis, the downward verticdly axis and the perpendicul@z
axis, that is parallel to the axis of a rotkx- a number of knives on one side of a
flange;H — a distance from the rotor axis to the ground; Rar — a distance from
the rotor axis to the blade and to the back of ilekmspectively, [m]w — a knife
blade width, [m];s— a tillage pitch (one tilling cut length), [m}; — a ridge height,
[m]; o — the L-type knife rake angle, [rad];— the rotor rotation angle measured
from the axisOx at the moment the first knife begins to penetmate soil, [rad];
w— an angular speed of a rotor, [rad];sv — a speed of a rotary tiller frame point,
[m sY; p — soil density, [kg fi7]; E,, Ex— pressure forces work and impact forces
work for one knife pass respectively, [W.— specific power of pressure forces and
impact forces per unit of a knife width, [Wth
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Fig. 1. Two nearest trajectories 1, 2 of blade {soat the forward rotation of a rotor
(A) and trajectories 3, 4 at the reverse rotatiba mtor (B)

By definition,
B = arcsin H/R); (1)
s= 20 /(K o). (2)

Equations of the trajectory 1 of the blade pointhwioordinates,, y; at the

forward rotor rotation can be written in the parémedorm with the parametey;:
sk

_ Kb,
X == TReos@+9,), 3)

y, =Rsin3+¢,),
where 0K o1 <m — 2.
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Equations of the nearest trajectory 2 of the bladiat with coordinates;, y»
at the forward rotor rotation can be written in tharametric form with the
parametemn,:

sk
X, = s+%+ Rcos@B+¢,),

=Rsin@B+9¢,),
where 0< g2 <7 — 2.

Equations of the trajectory 3 of the blade poirthvaoordinatess, ys3 and the
trajectory 4 of the blade point with coordinakgsy, at the reverse rotor rotation can
be written as equations (3), (4)Rf= —R for x3 andx,.

A straight knife was considered with the profileao$egment of a straight line
in the rotation plane. The back of the knife does it the ground at the forward
rotor rotation, if the coordinate of the back pamnttheOx axis at the time of entry
into the soil does not exceed the coordinate obthde point on th©x axis at the
time of the entry into the soil:

Nr?2—H? +X{arcsinﬂ ([3+ a- arcsmmﬂ R*-H?, (5)
W r r

The back of the knife does not hit the ground atréwverse rotor rotation, if
the coordinate of the back point on e axis at the time of the exit from the soll
does not exceed the coordinate of the blade poirtheOx axis at the time of exit
from the soil:

Vr?-H? +X{arcsini (E—B arcsintoNYe 4 ﬂ VR *.(6)
() r r

Knife back point trajectory equations can be reedrds equations (3), (4), in
which the value oR needs to be changed to the value,0dndf — to (3 — Ag),
whereAe = [arcsinR sin a/r) — a]. Equations (3), (4) can be used to calculate the
ridge height at the forward and reverse rotatiothefrotor:
where the value of; can be calculate altogether with the valueg,pky, X2, @1, @2
from equationsg = xg; y1 =y and (3), (4), and the value gf can be calculated
similarly.

(4)

It was assumed that the energy requirement was assapof two
components: the work of the press forces and thd& wbthe impact forces acting
on the ground from the knives. The close positibrasd 2 of one knife in the soil
were considered (Fig. 2). Additional designatioreyevacceptedyi, y, — an angle
of the rotor rotation at the moment of taking thefé position 1, 2 respectively
after the knife entry into the ground;A,, B:B, — the knife profile section at 1, 2
positions respectivelya;B,, A,B, — a trajectory of the poim;, A, respectivelyr,

r, — a distance from the rotor axis to the pdintA, respectivelyf — an area of the
flat figure A1A:B,Bs; €, — the work of press forces( to displace the soilbynife
from the area\;A;B;B;), [J]; & — the work of impact forces that is equal to kinetic
energy of soil particles in the ar@a@A;B,B; after hitting particles with a knife [J]. It
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was suggested, that the valueFofs small, if a differencey(; — y1) is equal to a
small value, and the value Bfwith a sufficient accuracy can be equated to tha a
of the quadranglé&,A:B,B;:

F = |(Xa2 — Xg1)(Ya1 — Y&2) + Xa1 (YB1 — Ya2) + Xa2 (Yaz + Ye1)l2,  (8)
wherexai, Ya1 — coordinates of the poimt;, Xa2, Ya2 — coordinates of the poir,

Xg1, Y81 andXsy, Vs — coordinates of the poiBy andB, respectively.
0 R X

Coordinates of the points;, A, By, B, at forward rotor rotation can be found
from equations (3). Studies have shown that workpdss forces is directly
proportional to the volume of the area, the averdgpth of the area and the
proportionality coefficient, the value of which égjual to 4043000 J/hfor loamy
soil [7]:

& = 4043000 Ya1+ Va2 + Va1 +Ye2)/4 —H] F w. (9)
By definition,
a=pFwu /2, (10)

wherev,, — velocity of the areA;A,B,B; center of mass.
It was accepted that the valuevgfis equal to the projection of the knife point
A; on the outer normal to the knife profile in théarorotation plane. At the forward
rotor rotation the formula for the value of can be written as follows (at the
reverse rotation the second term is added):
on = o [(r®— (Rsina)?]Y? — v sin (p1+p +a), (11)
whereo = 2t v/(s k).
It was assumed that the kinetic energy of theiadihe aread;A;B,B; is not
equal to 0 under the next condition:
on>0. (12)
The work of the press and impact forces in one tdirthe knife equals to the
corresponding amount of work for all aréa#,B,B;:
W= (e + Ya) vl(sw). (13)
The next algorithm of power calculatigras realized.
1. Initialization of input variablek, H, R, r, s, w, v, a, p. 2. Calculation of the
value of B by the formula (1),» from the equality (2) and verification of the
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condition (5) at forward rotor rotation and conaliti(6) — at reverse rotor rotation.
4. Calculation of the value d¢f. by the formula (7). 5. Specifying the numbers of
iterationsn, m and calculation of the values of steps A, by the formulas
Ar = R-r1)m; A, = (m — 2B)/n. 6. Initialization of the number af of the first
iteration and the values &; Ec i = 0; E, = 0; Ex = 0. 7. Calculation of the values
of y1, yo by the formulasy; =B +1i Ay; w2 = y1 + A,. 8. Initialization of the number
of j of the first iterationj = 0. 9. Calculation of the values qf r, by the formulas
ri =R—j Ar;ra=ry— A 10. Calculation of coordinate®i, Yai, Xa2, Ya2, Xs1, Ys1,
Xs2, Ys2 by the formulas (3) at a forward rotor rotation amida reverse rotor
rotation. 11. Calculation of the value Bfoy the formula (8). 12. Calculation of the
value ofov, by the formula (11). 13. Calculation of the vabfes, by the formula (9)
and addition of the value @& to the value of, if H < ya; H <Ygo; yo < n/2 - .
14. Calculation of the valug by the formula (10) and addition of the valuespfo
the value ofy, if H <yai1; H <yg1; H <ya; H <yg,. 15. Increase in number pby
one and reiteration of items 9, 10, 11, 12, 13, 18, if ] < m. 16. Increase in
number ofi by oneand reiteration of items 8, 9, 10, 11, 12, 13,115,16, ifi <n.
17. Calculation of the value &Y by the formula (13) under condition (12).

3. Results and discussion. It can be seen, that at forward rotor rotation the
values of the tillage pitch and ridge height deseeaith the increase in the number
of knives when specific power does not change (Bjg.For example, with an
increase in the number of knives from 2 to 3 ag#l pitch decreases from the value
of s, to the value o§; and a ridge height decreases from the value tf the value
of h; while a specific power remains equal to 10 kW/rhug, an increase in the
number of knives on one side of a flange make®stsipble to increase the quality
and efficiency of soil treatment. An opposite effiscachieved at reverse rotation of
the rotor: for example, with an increase in the hamof knives from 2 to 3 the
tillage pitch increases from to s3 and the ridge height from h, to hs while the
specific power remains equal to 20 kW/m.

0 20 40 | 6()‘ 80 s, mm 0 2 4 6 8 h., mm
Fig. 3. Effect of the tillage pitch(left) and the ridge height (right) on specific
powerW at the forward rotor rotation
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4. Conclusions. 1. A computer model of the movement of a rotatgitiknife,

based on the equations of the knife profile poioivement, can be used to assess
the energy requirement and the quality of soilttresnt, taking into account the
radius of a rotor, the size and the rake anglenefstraight profile of a knife, the
width of a knife, the distance from the rotor atkdsthe soil surface, the speed of a
rotary tiller frame point, the tillage pitch, theimber of knives on one side of a
flange and the direction of a rotor rotation. 2.eTheverse rotor rotation is
ineffective. 3. An efficiency of the soil treatmeantreases with the increase in the
number of knives on one side of a flange.
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