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An active rotary working element with an approach angle was studied. The elliptical cutting blades of the working
element are deflected from the rotation plane. The experiment confirmed that the blades form a groove in the shape of a
segment of an ellipse in cross-section, and a parallelogram when viewed from above. The bottom of the furrow contains
ridges. It was established that the ridge height should not exceed 1/2 of the processing depth. The expression of the
dependence of the central angle between adjacent elliptical cutting blades on the ridge height at the furrow bottom was
formulated. The experiments were carried out using a physical model of the working element (scale 1:3). The approach
angle was 40 degrees, the kinematic parameter was assumed to be equal to: 0.90; 1.20; 1.60; 2.20. The theoretical data
are consistent with the data obtained from the experiment. The dependences of the number of elliptical cutting blades of
the working element on the kinematic parameter and the approach angle of the working element were identified. It was
found that increasing the approach angle and the kinematic parameter requires to reduce the number of blades. At an
angle B =40 °, A =0.90, c = 1/2 h, the number of elliptical cutting blades of the rotary working element should be 10-16
pieces.

Key words: elliptical cutting blade, furrow, ridge, approach angle, kinematic parameter.
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Llabybin 6ypbiwbl bap altHanmarnb 6enceHOi )Xymbic opaaHbl 3epmmendi. XXyMbIC op2aHbiHbIH 31AUMNMUKabIK
Keckiw nblwakmapb! alHary Xa3blKmbifblIHaH ayblmKuObl. OKcriepuMeHm nblwakmapobiH KendeHeH Kumada 3miurc
beriei mypiHOe 60po3 my3emiHiH, an ycmiHeH KaparaHOa naparnnenozpaMmm my3emiHiH pacmandbl. 5opo3dbiH mybiHOe
)xomanap 6ap. XXomanapObiH buikmizgi eHOey mepeHdiziHiH 1/2 beniciHeH acraybl kepek ekeHOiai aHblKkmandsbl. Ipeenec
annunmukarnbiK Keckiw KanakmapObiH apacbiHOarbl opmarbiK 6ypbiumblH 60p030biH memMeHai xafbiHOaFbl XOmaHbiH
buikmieiHe mayendinieiHiH arnbiHObI. IKCriepuMeHmmep XyMbIC OpeaHbIHbIH usukarnsiK modenimeH, 1:3 macumabbiHda
Kypei3indi. LLabybin 6ypbiwbl 40 epadyc 60ndbi, KuHemamukasnblk napamemp: 0,90; 1,20, 1,60;2,20. TeopusinbiK
depekmep 3KCriepuMeHm HamuxxeciHoe asnbiHFaH MasiimemmepmeH calikec kendi. KuHemMamukarbiK napamempae xoHe
JKYMbIC OpeaHbIHbiH wabybinn 6ypbiwbiHa balinaHbicmbl XYMbIC OpeaHblHbIH 3M/IUNMUKarbIK Kecy MbiluakKmapbiHbIH
caHblHa mayenodinikmep anbiHObl. Lllabybin Oypbilbl MeH KuHeMamukasnbiK napamempdi Xofapbliamy apKbiibl
MbiwakmapOobiH caHbiH a3almy Kepek ekeHliai aHbiKmanobl. B = 40°, A= 0,90, c=1/2h 6ypbiwbiHOa aliHanmarbl XyYMbIC
Op2aHbIHbIH 3MIUNMUKalblK KECKiW MnblwakmapbiHbiH caHbl 10 — 16 daHa 60nybl KEPEK.

TytiHdi ce3dep: annunmukanbiK Keckiw rnblwakK, 60po3da, xoma, wabybin Oypbibl, KUHEMamuKasblK
napamemp.
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Uccnedoesarcs pomayuoHHbIU paboyuli opeaH akmugHo2o delicmeusi, UMelowull y2orl amaku. dnaunmuyeckue
pexywue ne3susi paboye2o opa2aHa OMK/IOHEHbI OM MI0OCKOCMU 8pawjeHusi. OKCrepumMeHmom nodmeepxx0eHo, 4Ymo
nesgus obpa3sytom 60po3dy 8 chopme Yacmu asnurca fnpu rnonepeyHoOM CeYeHUU, a rnpu sude ceepxy — napasnnesnozpamm.
JHo 60po3dbl codepxum epebHu. YcmaHosrneHo, Yymo ebicoma epebHel He OormkHa npesbiwamp 1/2 om enybuHb!
o6pabomku. [Nony4eHo 8bipaXxeHue 3a8UCUMOCMU UeHMPasibHO20 yara Mex0y coOCeOHUMU 3MIUNMMUYECKUMU PEXYUUMU
Jnie3susiMu K ebicome 2pebHsi Ha dHe 60p0o3dbl. SKcrnepuMeHmMbI MPO8OOUNUCH C ¢husuyeckol Modesibio paboye2o opzaHa,
8 macwmabe 1:3. Yzon amaku cocmaensn 40 epadycos, kuHemamudeckul napamemp npuHumarcs pasHoim: 0,90; 1,20;
1,60; 2,20. Teopemuueckue 0aHHble cogrniadarom C Mosly4YeHHbIMU GaHHbIMU 8 pe3yribmame 3KkcriepumeHma. llomyqeHsbl
3agucuMocmu 4ucsia 3rIuUNMmUYeckUX pexywux ne3suli paboyeeo opzaHa 6 3agUCUMOCTMU OmM KUHeMamu4yecKo20
napamempa u yana amaku pabodye2o opeaHa. YcmaHO08/1eHO, YmMO y8enu4us y2oil amaku U KUHeMamu4eckul napamemp
— Heobxodumo ymeHbwame Yucno ne3sud. lNpu yane B = 40°, A= 0,90, c=1/2h, konu4ecmeo 3rIUNMUYeCcKUX PEXYULUX
neseuli pomayuoHHo20 paboyeao opaaHa G0mxHO cocmaensme 10-16 wmyk.

Knrodeenle cnioea: annunmu4yeckoe pexyujee rnesgue, boposda, epebeHb, y20/1 amaku, KUHemamu4eckul
napamemp.
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Introduction

Research by scientists from the countries of near and far abroad has established that machines and tools with an
active drive of working elements are characterized by lower traction resistance, unlike "passive" action tools [1, p. 217, 2,
p. 48]. It is also known that in this case the tillage unit will have a higher efficiency [3, p. 10]. The study, development and
construction of new tillage machines and implements equipped with "active" working elements will reduce energy costs for
tillage operations, as well as ensure high quality of the process itself, in accordance with agro technical indicators for these
operations [4, p. 115, 5, p. 88].

Currently, the use of tillage machines and implements continues to gain popularity, the working elements of which
are rotary working elements powered by a tractor. Such machines are widely used in foreign farms in the USA, China,
India, etc.

Thus, in order to ensure a high-quality process of surface tillage, scientists pay closer attention to such machines
and tools.

However, such machines and tools, the working elements of which are powered by a tractor and have the shape of
elliptical cutting blades, are characterized by a lack of knowledge of the selection of their quantity to ensure the required
quality.

The purpose of the study is to determine the number of elliptical cutting blades of a rotary working element.

Tasks

To obtain an expression enabling to determine the number of elliptical cutting blades of the rotary working element
and to obtain the dependence of the number of cutting blades of the working element on the approach angle and kinematic
parameter.

Materials and methods

The studies were carried out with an "active" rotary working element (Figure 1), structurally made of a hub 1, spokes
2 and elliptical cutting blades 3 having an angle a of deviation from the axis of rotation. The RPO itself has an approach
angle B [6, p. 60].

These working elements are fundamentally new and can be widely used in pre-sowing tillage and fallow tillage.

1 —hub, 2 — spoke, 3 — cutting blade

Figure 1 — Diagram of the rotary working element

Theoretical studies to substantiate the number of elliptical cutting blades of the working element were carried out
using the laws and methods of analytical geometry and theoretical mechanics.

Experimental studies, in turn, were carried out in a soil channel using physics. the RPO model (scale 1:3).
Parameters: a = 40°, the kinematic parameter was assumed to be: 0.90; 1.20; 1.60; 2.20.

Research results and discussion

The trajectory of the points (M1, M2, Mp) of elliptical cutting blades in the OXYZ coordinate system (Figure 1) is
calculated using the following expression [6, p. 64]:

X=6-R/A+R-cosB-cos(0t4)+Db-sinB;
Y =R-sinf-cos(6 +4)—b-cosp; (1)
Z =R [(1—sin(6 £ A)].

Where:

R: radius of the elliptical cutting blade;

©: rotation angle of the radius vector from the axis of rotation;

N\: kinematic parameter;

A: angle between the radius vectors of the two studied points of the cutting blade.

The point of the elliptical cutting blade M1 has A=0 and b=0. The trajectory of the specified point in the cross section
has the shape of a segment of an ellipse (Figure 2a).The elliptical cutting blade moves from point A to point B. The AOV
figure represents the treated part of the soil (in cross-section in the form of a segment of an ellipse).
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The trajectory of the point M1 in the XQOY plane (Figure 2b) is characterized by a segment AD located at an angle
gamma (y), which can be found from the formula [7, p. 706]:
y = arctg[A-sinB /(A - cosp — 1)]. 2)
The trajectory of the extreme point M2 of the elliptical cutting blade of the RPO is characterized by a segment BC,
which, in turn, like the segment AD, is deviated from the movement direction of the RRO by an angle gamma (y).
The segments AB and DC are deviated from the movement direction of the working element at an angle ¢, which
is determined by the following formula [7, p. 706]:
& =arctglb - cosB/(xb - sinB + 6 -R/2)]. (3)

a \ B
b 2’:
_:l
A D = A[

0 y oy I 0
a b

a—-YOZ;b-XOY;c-YOZ
Figure 2 — Projections of the trajectory of the front point of the cutting blade on coordinate planes.

Thus, the ABC figure is a parallelogram (when viewed from above on the furrow being formed) formed by 1 active
elliptical cutting blade.

Let us draw the plane Q through the point D. The cross section of the furrow ABCD in the Q plane represents a part
of the ellipse 2D with a large semi-axis equal to R (Figure 2c).

The minor axis of the ellipse will be determined from the following expression:

b' =R -sinf - sin(y — &) /siny. 4)

Thus, knowing the parameters of the ellipse enabled to determine the required distance between adjacent elliptical
cutting blades of the RPO, which will ensure the required value for the agro technical indicator of the ridge heights at the
bottom of the furrow being formed after the passage of the working element.

Figure 3 shows P and T ellipses describing the trajectories of adjacent elliptical cutting blades.

X

Ax

, A
J 0

Figure 3 — Determination of the distance between adjacent elliptical cutting blades

1-st elliptical cutting blade forms a furrow T'O'D', 2-d elliptical cutting blade forms a furrow T'O"D’, while OCO —
"raw" soil, which is the crest, the height of which should not exceed V2 the depth of the tillage (for agricultural requirements).
The distance between the ellipses, which will ensure the required ridge height, will be determined from the expression:
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1 =2y, =2R-sinf -sin(y — &) - cost,/siny. (5)
In this case, the central angle between adjacent cutting blades is determined from the formula:
0, = 21 -sinf - sin(y — &) - cost./ siny - siné (6)

Thus, the number of elliptical cutting blades of the RPO, taking into account the above expressions, will be
determined as [8, p. 49]:

n= m-siny-siné/ A-sinf - sin(y — &) - cost, (7)

According to formula 7, graphical dependences of the number of elliptical cutting blades on the approach angle of
the RPO and the kinematic parameter are plotted (Figure 4).

61° 0L,°

| 50 e
0 =—— / 2 3 30-///
0 10
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0,92 1,42 1,92 2,42 \

0,92 1,42 1,92 2,42\
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1-B=20°; 2 - B=30°%; 3 - p=40°

Figure 4 — Dependences of the central angle between adjacent cutting blades
on the RPO parameters (A and B), at ¢ = 0.2h (a),c = 0.5h (b)

It can be seen from the graphs shown in Figure 4 that the number of cutting blades of the RPO decreases with
increasing kinematic parameter and approach angle of the working element. By changing the approach angle from 20 to
40 degrees, the number of elliptical cutting blades will be significantly reduced to 10-12 pieces, while at the same time
increasing the kinematic parameter to 2.20, it enables to achieve the number of blades up to 5-6 pieces, while maintaining
the agro technical requirements for surface tillage.

Figure 5 shows photographs obtained from physical modeling of soil tillage with neighboring cutting blades of RPO
[9, p. 184].

a-6,=22%b-6, =34

Figure 5 — Cross-sections of the furrow obtained by physical modeling
of the radar at an approach angle 8 =40 °; and A= 0.90

From Figure 5, it can be concluded that as a result of RPO-based experiments, with the following parameters: an
approach angle of 40 degrees, a kinematic parameter of 0.90, a processing depth of 26 mm and a central angle between
adjacent blades equaling to 22 degrees, a furrow with ridges of no more than 6 mm is formed, which meets the agro
technical requirements for surface tillage. At the same time, with an angle between adjacent cutting blades of 34 degrees,
the height ridge is equal to half the processing depth, which also meets agricultural requirements. However, a further
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increase in the central angle between adjacent blades will lead to a violation of the requirements and an increase in the
height of the furrow bottom ridges. Thus, the optimal angle between adjacent cutting blades is 22-34 degrees.

Figure 6 shows the dependence of the ridge height of the furrow bottom and the number of elliptical cutting blades
on the central angle between them.

Cs n, wm
4 -
4 / > z77] 1°
08 12
’ I
06 & 10
) /-_ 3
042 = c n 6
M | 4
02
L 2
0 0
20 30 40 -

" 7 theory; &4 - experiment

Figure 6 — The dependence of the ridge height and the number of elliptical cutting blades
on the central one between them at 3 =40 °, A = 0.90

Figure 6 demonstrates that the ridge height of the furrow bottom directly depends on the central angle between
the adjacent blades of the RPO. As mentioned above, with an increase in this angle, the ridge height of the bottom of the
furrow increases. For example, at I= 22°, the ridge height = ¥4 of the processing depth, but already at a central angle of
about 48°, the ridge height will be 9/10 of the processing depth.

With an increase in the central angle between adjacent blades, the number of cutting blades themselves
decreases. By increasing the central angle from 22° to 46°, the number of cutting blades will be reduced from 16 to an
optimal 10 pieces (Figure 7).

Figure 7 — Rotary working element with elliptical cutting blades

Conclusion

An expression has been formulated, allowing determining the number of elliptical cutting blades of the RPO.

The dependences of the number of cutting blades of the RPO on its parameters (approach angle and kinematic
parameter) have been identified.

At B =40° A=0.90, c = 0.5 h — the number of elliptical cutting blades of the RPO to ensure fulfillment of agro
technical requirements for surface tillage ranges from 10 to 16 pieces.
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