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Annotation

Conditions of Uzbekistan, a combined seeder has been developed, which at the same
time provides technological processes for sowing autumn grains into row-spacing of
cotton and in irrigated open fields are specified in the article. Results of theoretical
studies carried out on the basis of compaction parameters of this combined seeder are
mentioned, it was determined that the diameter of roller should be at least 17 cm, and
vertical load applied to seeder when moving at a velocity of 1.5-2.0 m/s should be
within the range of 126.2-131.1 N.

KOMBHNHAIINAJIAHT'AH CEAJIKA SUYWIOBUYU KATOI'
IMAPAMETPJIAPUHU HA3APUI ACOCJ/IAIIL
A.Kaxourupos, JK.II1. Myngomos
CamapkaH/1 JaBjIaT BeTePUHAPUS MEITUTCUHACH, YOPBAYIUK Ba
6uoTexHosiorusiiap yausepcuretu (Cam/IBMUBY)

AHHOTaAIUA

Makosazja Y36eKUCTOH IIAPOUTH/A Fy3a KATOPJIApH OpaJapH Ba CyFOPHJIAMIAH
OYMK MaWJOHJIapTa Ky3Td JOHHU SKHIIJIA TEXHOJIOTHK JKapa€HJIapHU OUP BAaKTHUHT
y3ua TabMUHJIAUINTAaH KOMOWHAISJIAaHTaH cesIKa WILIa0 YMKWUJITAHJIUTH Kaujg
STWITAaH Ba ymoOy KOMOWHAIIUSJIAHTAH  CeSJIKAHWUHT  3WYJIOBYM  KaTOTHU
ImapaMeTpJapyuHU  acocjam  Oyinda VTKa3WiIraH Hazapud TaJKAKOTIAPHUHT
HaTH KaJIapU KeJITHPUJITaH Ba KATOKHUHT JUaMeTPU KaMu/ia 17 CM Ba cesiJika 1,5-2,0
M/C Te3UKAA XapakaTJaHTaH[a yHra OepwauraH TUK IOKJIAHHIN 126,2-131,1 H
opayiuFu/ia 6VIUIN KepakJIMTd aHUKJ/IaHTaH.
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TEOPETNUYECKOE OBOCHOBAHUE ITAPAMETPOB
YIUVIOTHAIOIIEIO KATKA KOMBUHUPOBAHHOM CEAJIKUA
CamapkaH/1 JaBJIaT BETEPUHAPUSA METUTCUHACH,
YOPBAYWJINK Ba bmotexHosiorusisiap yausepcurer (Cam/I[BMYUBY)

AHHOTaAIUA

B craThe oTMeuaeTcs, UYTO B YCJIOBUAX Y30eKHncTaHa padpaboTaHa KOMOMHUPOBaHHAS
cesiJIKa, KOTOpasi OAHOBPEMEHHO O0ecIeUYrnBaeT TEXHOJIOTHYECKHE IIPOIeCChl IIOCeBa
O3UMBIX 3€PHOBBIX B MEXIAYPAbAX XJIOMMYAaTHUKA M HA OPOIIAEMBbIX OTKPBITHIX
II0JIAX, TIPUBEJEHBI Pe3yJbTaThl TEOPETUUECKUX HCCIIeIOBAHUU, ITPOBEIEHHBIX HA
OCHOBE ITapaMeTPOB YIUIOTHEHUSA 3TOH KOMOMHHPOBAHHOI CESJIKU U OIIPEJIesIeHO,
YTO JHaMeTp KaTKa JOJIKeH OBITh He MeHee 17 CM, a BepTHKaJIbHas HarpyskKa,
MIPUKJIaJIbIBaeMas K cesJIKe IPH JABUKEHUH CO CKOPOCThIO 1,5-2,0 M/c, JOJIKHA
HaXOJIUThCA B ITpefesax 126,2-131,1

Introduction

In cultivation of winter wheat and other grain crops in Uzbekistan, the technology of
sowing them between cotton row-spacings and furrow on the irrigated open fields
after cotton harvesting has already become traditional as energy-saving technology.
However, by means of technical tools used in implementation of this furrow sowing
technology, when this technology is performed with repeated motion of assembly
across the field, there are many shortcomings in implementation the processes for
forming furrows, planting seeds, backfilling the sown seeds with even soil at the level
according to requirements. In particular, as it is known, it is important to ensure that
seeds sown in ground germinate in a short period of time, to start good growing and
developing, and to ensure that they form a mutual contact with soil, that is, covering
the seeds that are placed at specified depth by means of seeders, in a row-spacing,
completely compacted with soil. However, until now, technical equipment used for
planting winter grain between cotton rows and in irrigated open fields does not
include technical equipment equipped with a special compaction device that performs
this technological process in one way.

In order to solve the technical solution of this problem, in single run of assembly
between the cotton row-spacings and in open fields, double-turning opener (hilling
plow) 1, which forms a furrow, and disc seeders 2, which form grooves for pinning
seeds at a specified depth to the furrows and edges, and bury them. Construction of a
universal seeder with a combined operating elements equipped with working sections
consisting of 3 increasing thickening rollers were developed (Fig. 1).
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In this case, function of compaction rollers, which are installed sequencely in
accordance with the position of spherical disc seeders, is to ensure good contact of
seeds sown on sides of furrow and edge with soil. [1].

Figure 1. Universal seeder with combined operating element
1-opener (hilling plow); 2nd seeder (ploughshare); 3-compacting roller
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B-furrow width; H-height of furrow; Bx — width of compacting roller;
1-furrow; 2-seed; 3- compacting roller

Figure 2. Rollers that backfill and sow the seeds at the same time and
scheme of its implementation the technologic process

In technological process of seed burying and compacting rollers, the seeders using
spherical disk of seeder to place the seeds 2 (Fig. 2) at depth of 3-6 ¢m, and the soil in
depth of 3-6 cm is released in the form of long piles on upper side of sloping surface
of furrow. Compaction roller 3 compacting the soil beads formed in this process (Fig.
2) destruct and crushes the soil crumbs in width Bk, squeezes them together with soil
crumbs, drops them on seeds and compacts them at once. In this way, conditions are
created for good contact of seeds with soil and for germination and good development
in a short period of time.
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In the process of movement these soil compacting rollers on top of soil clays formed
when planting seeds to a certain depth (3-6 cm), it deforms the soil over seeds to a
certain thickness, crushes and compacts the encountered soil lumps, in order to
achieve effect of using the roller necessary to determine its rational parameters.
Main parameters of compacting roller:

- The diameter of roller Dx;

- Coverage width of roller By;

- Vertical load Q given to roller.

Usually, when substantiating the diameter of compaction roller such conditions as
pressing and crushing of crumbs encountered in its path should be taken into account.
When it is contacts the soil crumb, it will be easily passed without pushing forward.
In this case, firstly, crumb is crushed under the pressure of roller, and secondly, there
is no stacking of pieces in front of it, and thus defined technological process is carried
out without disruption.

In accordance with scheme shown in Figure 3, the compaction roller passes through
the crumb when the following condition is fulfilled:

Figure 3. Scheme for determining the diameter of compacting roller
Ficos Tt + F2> Nksin T, (1)

in this case F,, F. —frictional forces generated between the crumb and surface part of
roller and soil, respectively; Nk - the normal compressive strength of compacting
roller; T - angle between applied to the point where compacting roller touches the
crumb and horizontal plane (in literature [1,2], this angle is called the compression
angle between the roller surface of lump and soil surface).
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According to Figure 3 F, = N,19®, (here o, — angle of friction of cut to surface of the

roller surface) and F. = (Nkxcos t+F:sin 1) x tg ¢. = Nk (cos t+sin T-tg ¢.) tg ¢- (here ¢-
— taking into account (1) formula will have following form

T< Q1+@;. (2)
Therefore, in order to assure normal operation of compacting roller, it is necessary to
ensure the compression of crumb, that is, its compaction compression angle 1t should
be smaller than sum of friction angles ¢, and @-.

Considering the soil crumb as round shape, according to scheme shown in Figure 3,
we have the following

Ry — Rycos T = 1y (1 + cosT) + hy, (3)

in this case Rk —radius of roller surface part; r« — radius of soil crumb; hx — depth of
sinking the roller surface into the soil.

Considering the formula (2), we solve formula (3) with respect to Rx and get the
following formula.

Therefore, for the normal operation of compacting roller, it is necessary to ensure the
compression of soil clay, that is, the angle of compression t friction angles must be
less than the sum of ¢, and @-.

Considering the crumb as a round shape, according to scheme shown in Figure 3, we
have the following formula:

Ry —Rgcost = 1 (1 +cost) + hy, (3)
here Rk —radius of roller surface; rx — radius; hx — depth of submergence of the roller
surface into soil crumb.
Considering the formula (2), we solve formula (3) with respect to Rk and get the
following formula

r[1 + cos(ey + @) + by
1 —cos(@; + @3)

Rk

(4)

either
di[1 + cos(@; + @2)] + 2h,

1 —cos(@y + ¢2)

Dy >

)

(5)
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In this case dx — diameter of soil pieces.

As can be seen from the expression 5), the diameter of the roller surface depends on
the diameter of crumbs that meet with it during the work process and friction angles
of crumbs with respect to surface of roller and the soil surface, as well as depth of its
immersion into soil.

For this, from the part of roller that interacts with soil (Fig. 4), let’s separate the
surface at elementary dS = 0,5B«D«da (where B is the covering width of compacting
layer, m; da - elementary angle, rad.). The following elementary normal force acts on
this surface:

Let’s determine the vertical load Q to which compacting roller given from
the condition that its surface sinks to required depth. For this, from the part of roller
that interacts with soil (Fig. 4), we separate the surface at elementary dS = 0,5B«D«da
(where Bk is covering width of compacting layer, m; da - elementary angle, rad.).
Following elementary normal force acts onto this surface:

dN =0-dS =0,508,D,d«, (6)

In this case 0 —comparative resistance to crushing of crumb (pressure onto the
compaction roller b), Pa.

Sum of vertical components of the elementary normal forces acting onto the
compacting roller will give Q, that means the following:

here dx — diameter of soil particles.

As can be seen from formula (5), diameter of roller surface depends on diameter of
soil crumbs (clay) that comply with it in working process and angles of clays friction
with respect to surface of roller surface and soil surface, as well as the depth of its
immersion in soil.

dN

. A
dN- dN

Figure 4. Scheme for determining the direct load to the compacting roller
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a=0 a=0
Q=Y_dN, = [dNcosa = [0,50B,D, cosa-da, ()
0 0

In here dN, — the vertical component of the elementary normal force acting onto the
compacting roller, N; o — the angle of coverage the roller by soil, degrees.

Let’s formulate o in the formula (7) through qo volumetric crushing coefficient of soil
and its deformation h at considered point [1, 4]:
o =(;h, (8)

According to the scheme shown on Figure 4,

D
h =E(c05a—cos%), (9)
In this case a —deviation angle relative to straight dN of elementary reaction force,
degree.
By taking into account (8) and (9) formulas and integrating (7) we will have the
following:

1 .

ngqoBkaz(ao—smao CoSq,). (10)

By using the scheme shown in Fig. 4, we formulate ao, sina, and cosa, this formula
by diameter of the compacting roller Dx and depth of its penetration into the soil hx:

2./D.h, —h?
sing, = \/ k (11)
Dk
cosa _D—2h,. (12)
0 )
Dk

Ba

a :arccostm' (13)

0 ’

k
Considering the above (10), this formula can be written in the following form [5]:
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D -2h 2./D.h —h, (D, —2h,)
D’ '

k

Q= % q,B,D/| arccos

Considering the velocity of condenser roller, this formula can be written in the
following form [5]:

Q:%qc(d +mV2)Bka2><

D, —2h, 2,/D.h, —h (D, —2h,)
D? '

k

arccos (14)

In this case qc-— coefficient of static volumetric crushing the soil, N/ms;
m — proportionality coefficient, s/m; V — operating velocity of the assembly, m/s.

dx = 0,05 m, hx = 0,025 m, ¢, =30°, @. = 40°, qc = 1,1-106¢ H/m3, d = 0,9,
m = 0,08 c2/m2[6-9] Bx = 0,03 m accepted, calculations according to formulas (5) and
(6) showed that diameter of compacting roller should be at least 17 cm and vertical
load applied to it at velocity of 1.5-2.0 m/s should be within the range of 126.2-131.1
N.
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