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Currently, “classical” working tools are still used for cultivating soil along furrows. The number of razors and
rippers installed on one cultivator beam can be from 2 to 4 and from 5 to 7 pieces, respectively, depending on the row
spacing of the cotton plant. This leads to an increase in the overall size and weight of the beam. In addition, they do
not fully ensure high-quality soil cultivation along furrows.

Based on the literature review and the results of a study of the physical and mechanical properties of the soil in the
inter-rows of cotton crops after vegetation irrigation, a prototype of a parabolic cultivator loosening arm was developed
and manufactured, which allows cultivating the soil in a furrow and works in conjunction with a deep-throwing arm.
In Fig. 1. shows a diagram of the developed ripping paw in two projections. It consists of a stand 1, a razor 2 with a
double-sided blade and soil-cutting knives 3 installed on the underside of the razor. The bracket has a slot for adjusting
the angle of entry of the cutting part of the working tool into the soil. The working body has the shape of a furrow in
cross section and works in conjunction with a deep-throw paw (Fig. 2).
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Rice. 1. Diagram of the experimental cultivator paw: 1-stand, 2-razor, 3-cutting knives.

The ripper paw works as follows. When the unit moves, due to the presence of the entry angle, the paw goes
deep into the soil to a depth of 5...6 cm, cuts the roots of weeds present in the rows and ensures its superficial loosening.
Knives installed on the underside of the working body deepen the loosened layer, increase the degree of crumbling of
the soil, thereby creating good conditions for the operation of the deep-throw cultivator.

The main parameters of the experimental working body that influence its quality and energy performance
indicators are: the width of the working body (B), the width of the shelf (h), the number of soil-cutting knives (n), the
angle of their entry into the soil ( ), the angle of entry of the working body into the soil ( ), the radius of curvature of
the razor blade (rb) and the speed of movement of the unit (V).
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Rice. 2. Scheme of arrangement of the experimental working body on the cultivator beam: 1-hitch
mechanism; 2-beamer; 3-experimental paw; 4-deep plunger.

The total traction resistance of the experimental working body consists of the resistance of the soil to the

movement of its razor and knives.
R, =R, +NR,, 1)
where Ry is the resistance of the soil to the movement of the razor of the working body;
Rn-resistance of the soil to the movement of the soil-cutting knife of the working body;

n -is the number of soil-cutting knives of the working body.
The resistance of the soil to the movement of the razor of the working body is generally described by the expression

[1]
where R1 is the soil resistance to the penetration of the razor blade of the working body;

R2 - soil resistance to deformation;

R3 - resistance due to the inertia force of the soil;
R4 is the resistance to movement and lifting of soil along the working surface of the working body razor.

The resistance of the soil to the penetration of the razor blade of the working body can be determined by the

formula [1,2]

R, =KTt ¢ =K-Tt,r, -arcsin—-—, 3)
r6

where K is the coefficient taking into account the shape of the razor blade;

Tp - soil hardness;
B — width of the razor;
tlb - thickness of the razor blade;

- length of the razor blade;

rb - radius of curvature of the working surface of the working body razor
Assuming that the soil layer is destroyed by shear, the soil resistance to deformation can be determined by the formula
_ - 0,5B ]
R, = {rnph(2r6 arcsin 228 + htgy,)[sin 1 (a,; + @, + @,) +

+ fcosi(a—¢, —@,)cosall-cos™i(a; +o,+0,), @

tnp - IS the maximum shear stress of the soil;

where
h - depth of stroke of the working body razor;

V¥, — angle of lateral soil shearing;
o - angle of entry of the working body razor into the soil;

¢1, ¢@2— angles of external and internal soil friction;
f - coefficient of soil friction against the material of the working body razor
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The resistance caused by the inertial force of the formation, taking into account the physical and mechanical
properties of the soil and the parameters of the razor, is determined by the following expression
. 0,5B sina -sin(a + W
R, = (2r, arcsin—— + htgy . )hpV > - (@+¢) L+—=), (5
I CoS ¢, 100

where p - soil density;
Vn— speed of movement of the unit;
W — soil moisture.
The resistance to the rise and movement of the soil layer along the working surface of the working body razor
is determined using the diagram shown in Fig. 3.
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Rice. 2 Scheme for determining the soil resistance to lifting and moving the working body razor
along the working surface
The soil moving along the working surface of the razor is affected by its weight force G, the reaction Rn of the
undeformed soil located in front of the razor, the normal reaction N and the friction force F of the working surface of
the razor. Projecting these forces on the X axis, we have

R, =R, =Nsina+Fcosa ©6)

r. ++/r’ —0,25B8%

2r,

From the diagram in Fig. 3

=G-cosa -

N=2N'-co:~:§=G-coswcos2 7)

N | ™

The value of the friction force can be determined by the formula

F = Ntgp = Gcosatge, Lt rir;o,zss ) (8)

Substituting the found values of N and F into (6), we obtain

1 [2 2
_ . 2 r;+4/1;"—0,25B
R, _G(Esm 20+ C0S” atge,) r : ©)
Let us express G through the parameters of the working body and the physical and mechanical properties of
the sail.
W . 0,5B
G =2b hr,pg(1+—)arcsin—, (10)
100 r.

where  bn- razor shelf width;
g- is the acceleration of gravity.

Taking into account (3), (4), (5), (9) and (10), expression (2) for determining the resistance of the soil to the
movement of the razor of the working body has the following form

R, = [2 KTt.r + bnhpg(r5 +,/r.” 0,258 j(1+ 1\?)/—0)(% sin 2a + cos’ atg(p)} x
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. 0,58
x arcsin
r6

( . 0,5B
+| 2r, arcsin

Is

+ htgl/l6Jh x

1 1
X T,, SInE(a+(p1+g02)+f COSE(a—(pl—(pz)COSa X

stm asin(a+o,) L+ ) ' (11)
COS ¢ 100
The soil-cutting knife of the worklng body mainly cuts the soil with the blade and crushes it with the cheeks.
Therefore, the resistance of the soil to its movement can be determined by the formula

X C0S~ a1 (a+gol+g02)+

where RﬂH - soil resistance caused by cutting it with a knife blade;
Ru;H - soil resistance due to its crushing by the knife cheeks.

The soil resistance caused by cutting it with a knife blade is determined as above, using the following formula

r - KT.t,h, (13)

e sin

where t/m - knife blade thickness;

hH - depth of knife stroke.

Y - the angle of installation of the knife to the direction of movement.

The knives have a small thickness and therefore the resistance of the soil to crushing by their cheeks can be considered
proportional to the magnitude of the deformation [3]. Taking this into account, the resistance of the soil to the
movement of the knife of the working body, due to its crushing by the cheeks of the knife, can be determined by the
formula

1 :
=4qt3hH(ctgﬁtg(pl+l) (14)

where (] - coefficient of volumetric soil compression.

p' = arctg(tgfs -sin y);

th- knife thickness

ﬂ - design sharpening angle of the knife
Substituting the values of and Rn into (12) we obtain

R, {KTt 1 = th(ctg,Btg(p1+l)} (15)
sin y

Taking into account (11) and (15), expression (1) for determining the total traction resistance of the working
body has the following form

R, =2KTt ;15 +b, hp(r6+1/r6 —-0,25B )g(l+)[ sin 2 +cos? atgq)lﬂ

0,5B

==+ 2r5arCS|nO5B+htgy/5 -h <
6 r6

X arcsin

.1 1
X{T,, Slnz(a+g01+(p2)+f COSZ(a—gpl—(pz)COSa x

25|Page



European Journal of Agricultural and Rural Education (EJARE)

,Sin o Sin(a+gpl)[1+Wj N

1
xcos1=(a+p, + + oV
2( P1 (02) PV cos o, 100

1 1 .,
+n| KT, t,, ——+ " qt;(ctgpt +1)|-h_ - (16)
|: "t sin 4C| H( g tgp ):| H

From the analysis of this formula it follows that the traction resistance of the working body depends on its

parameters (t]l6 ,tjm,bn ,a, I’6 , B,hH ,tH , ¥ ), physical and mechanical properties of soil (Tn,p,¢l,¢2 W )
and the speed of the unit.

Calculations carried out at t 5 =0,001m, t =0,001m, h =0,05M, p =0,08m, a =10°, r6 =0,20 ™,
JI JIH n

B=0,32m, tH = 0,005M, hH = 0,05m, O =1300kr/m3, J/ =150, q =10°H/M3, ﬂ =45°, g01= 30°, gpz =40° showed

that within the range of movement speeds of 1...2 m/s, the traction resistance of the working element is 674...702 N.

LITERATURES USED

1.

2.

Mechanization of soil protection from water erosion in the non-chernozem zone / Ed. A.T. Vagina.- Leningrad:
Kolos, 1977.- 272 p.

Abdurakhmanov R.A. “Justification of the parameters of a subsoiler for strip tillage” Diss... Cand. technical
sciences - Yangiyul, 2004. — 132 s.

Klenin N.I. Sakun V.A. “Agricultural and reclamation machines” - Moscow: Kolos, 1980. — 671 p.

B.U. Nurabaev “Selection of type and justification of the main parameters of the working body of the cultivator
for inter-row cultivation of cotton in the conditions of Karakalpakstan” dissertation work 2006 — Yangiyul
Nurabaev B. U., Xamidov N. M., & Niyetullaev A. Q. (2022). STUDYING THE TERMS OF PRODUCTION AND USE
OF A COMBINED SEEDER. Spectrum Journal of Innovation, Reforms and Development, 9, 402—405.

Nurabaev B. U., Nurabaev J. J., & Mirzabaev T. S. (2022). SELECTION OF THE COMBINED UNIT’'S WORKING
BODY FOR THE INLINE SOIL SOFTENER. Spectrum Journal of Innovation, Reforms and Development, 9, 398—
401.

Aminov S. et al. Rationale of Roller Diameter //International Journal of Mechanical Engineering. — 2022. - T. 7.
- N9. 1. — C. 469-471.

26| Page



