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Study of the Tractive Resistance of the
No-till Planting Section

The paper presents the results of studying the tractive resistance of the
combined sowing section for no-till technology-based seeding. The sowing
section consists of a slotting disk, an anchor colter, and a press wheel. To
ensure the stability of the colter motion, the section has a parallelogram
suspension and a balancing wheel with an adjustable vertical force acting
on it, depending on the soil resistivity and the tilling depth. The sowing
section ensures that the seeds are sown at a given depth in a moistened soil
layer according to the agrotechnical requirements. Based on the
theoretical studies, an analytical dependence was obtained, which allows
for determining the tractive resistance of individual tools and the sowing
section, depending on the design and operating parameters. The paper
presents the results of the experimental studies on the dynamometer testing
of the sowing section in laboratory conditions. To this end, an analog-
digital measuring and computing complex and a software suite were used
for the experimental data's post-experimental processing. Experimental
dependences of the tractive resistance of individual tools and the sowing
section, in general, were obtained, confirming the theoretical studies’
correctness. The nominal tractive force of tractors was approximately
determined, and the results of laboratory-field and field experiments with
the sowing complex were presented.
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1. INTRODUCTION

Tools are important elements of seeding machines used
in the no-till technology [1-5]. These are generally
combined sowing sections simultaneously performing
several heterogeneous operations: cutting the upper
compacted soil layer, furrowing, laying the seed into the
soil, and seeding down [4, 5]. Taking into account the
substantial variety of physical and mechanical pro—
perties of soil, the condition of the agricultural back—
ground, and the planned seeding depth necessary for the
above operations, various sowing sections significantly
differ from each other in design [6-10].

The purpose of the research is to study the usability
of a combined sowing section for the no-till technology-
based seeding in acute moisture deficiency conditions
and to assess its operation's main energy indicators. A
distinctive feature of the research is that the developed
section should seed at a strictly defined soil moisture
depth. During dry periods, moisture can be found at
considerable depths [11-13]. To this end, rather tough
requirements to ensure the seeding depth in the range
from 5 to 15 cm and its uniformity are imposed on the
operation of the section [14—19].

A review of the designs of sowing sections [1, 2, 4,
5], as well as the previous studies, allowed establishing
that it is most expedient to use a combined sowing
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section with a slotting disk, an anchor colter, and a press
wheel for the no-till technology-based seeding (Fig. 1).
The section provides furrowing to the depth of the soil
moisture.

The review of the configurations of sowing sections
has shown that the available samples cannot fully ensure
the fulfillment of agrotechnical requirements, especially
if it is necessary to sow at a depth of 15 cm. So the
section described in [1] can operate in heavy soils with a
significant amount of plant residues; however, sowing is
carried out at a depth of no more than 10 cm. The
sowing section described in [2] has a high degree of
unification, as it can be used with various colters;
however, the construction scheme does not provide
satisfactory seed rolling. The tool considered in [5] is
adapted to operate at considerable depths; however, it is
not fitted with a rolling device and a cutting disk, which
causes the formation of a significant furrow during
sowing resulting in moisture loss. Thus, it is proposed to
use a combined sowing section for no-till sowing, which
is fitted with a slotted disk, an anchor colter, and a press
wheel (Fig. 1). The section provides for the formation of
a furrow to the soil moisture depth.

The stability of the depth of seeding down with an
anchor colter in moistened soil layers located at a depth
of up to 15 cm is ensured by the use of a parallelogram
suspension and a balancing wheel, which jointly provide
high-quality following of the soil surface microrelief. At
the same time, high stability of the colter motion is
achieved by adjusting the vertically directed force
exerted on the balancing wheel from the parallelogram
suspension spring. This force is selected depending on
the soil hardness and the tilling depth.
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Figure 1. The sowing section (1 - parallelogram suspen—
sion mechanism; 2 - spring; 3 — top and bottom links of the
parallelogram suspension; 4 - section body; 5 - depth adj-
ustter; 6 — plough beam; 7 - spring of the press wheel; 8 -
press wheel bracket; 9 — press wheel; 10 - colter rack; 11 -
colter; 12 - hinge to fasten the press wheel bracket; 13 -
balancing wheel bracket; 14 - slotting disk; 15 - balancing
wheel)

Considering the expected operating conditions of the
sowing section (matted stubble ground, high soil hard—
ness, major seeding depth), assessing its tractive resis—
tance is of particular importance. The energy perfor—
mance of the sowing section is essential for determining
the expected drawbar category and further evaluating
the performance of the sowing machine-tractor aggre—
gate, fuel consumption, and choosing the efficiency of
the seeding process in general [20-23]. It is known that
the most energy is consumed during the sowing
machine operation to overcome the tools' tractive resis—
tance [24-25]. To this end, it is relevant to carry out
theoretical and experimental studies on assessing the
tractive resistance of the sowing section for the direct
seeding technology.

2. THEORETICAL STUDIES OF THE TRACTIVE
RESISTANCE OF THE SOWING SECTION

When the tools of the sowing section (slotting disk,
balancing wheel, anchor colter, press wheel) interact
with the soil, there arise forces, which can be
represented as vertical and horizontal components (Fig.
2). The horizontal components of the forces acting on
the tools of the sowing section determine the value of its
tractive resistance [26-29]. Thus, the resistance of the
entire sowing section can be represented as the
following sum:

R=P+P+P+PF,. €Y

where P, is the tractive resistance of the slotting disk,
kN; P, is the tractive resistance of the balancing wheel,
kN; P; is the tractive resistance of the press wheel, kN;
P, is the tractive resistance of the anchor colter, kN.

The vertical components of the forces acting on the
balancing wheel (Ps), the slotting disk (Ps), the anchor
colter (P;), and the press wheel (Pg) do not directly
affect the tractive resistance of the section. Still, they
correlate with it to a certain extent. It was evident that
with an increase in the vertical force exerted on the
balancing wheel, the growing reaction of Ps will cause
an increase in the tractive resistance P, and the entire
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sowing section. Similar to the case with the press wheel,
an increase in Ps leads to an increase in P;.

Figure 2. Components of the tractive resistance of the
sowing section

The value of tractive resistance R is determined by
the physical and mechanical properties of the soil, as
well as the design and operating parameters of the tools.
The nature of the change in the forces making up the
tractive resistance of the section, depending on the main
design and operating parameters, will be further
considered theoretically.

The main task of the slotting disk of the sowing
section is to prepare the soil for the anchor colter to pass
along its track so that crop residues are not involved in
furrowing. The disk also reduces the tractive resistance
of the sowing section to some extent and the effect of
soil removal to the surface when the anchor colter
passes.

Satisfactory operation of the slotting disk is ensured
only at a certain value of its diameter D; when the soil
and the layer of crop residues on its surface are stably cut.
Based on this condition, the preliminary value of the
diameter can be determined from the following ratio:

P 1 cosor 1 90) M

where A4 is the depth of the disk motion in the soil, m;
@1, ¢, 1s the angle of friction of the soil and crop residues
on the disk blade, respectively, degrees (ps;+tp,=
40...58%);

When the slotting disk moves in the soil, its tractive
resistance is caused by the force T resulting from the
friction of its side planes on the soil and the force Ry
resulting from the soil reactance:

P =T+Ry. ©)

The value of the T component taken in conjunction
with the design parameters of the disk can be
determined from dependence (3):

4 180 D

where f'is the coefficient of the soil friction on steel; p is
the soil pressure on the side surface of the disk, kN/m?;
D, is the diameter of the slotting disk, m.

Taking into account the design parameters of the
slotting disk, the value of the Ry component can be
determined from dependence (4) :
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where ¢ is the coefficient of soil resistivity when inte—
racting with the slotting disk, kN/m.

Based on dependencies (3) and (4), the following
graph can be constructed (Fig. 3).
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Figure 3. The dependence of the components of the
tractive resistance of the slotting disk on the diameter

It has been established that with an increase in the
diameter D; of the disk, the resistance increases,
especially due to an increase in the component Ry. The
change in the force T is non-linear. Notably, in case the
value of the motion depth is constant 44 =0.04m, with an
increase in the diameter Dy, the force T changes more
intensively with respect to Ry due to an increase in the
area of the side surface of the disk interacting with the
soil. In this regard, it is most efficient to take the disk
diameter equal to D;=470 mm since this provides an
acceptable value of the tractive resistance and meeting
conditions (1).

The tractive resistance of the balancing wheel and
the press wheel can be determined from similar
dependencies (5) and (6), respectively, as they similarly
interact with the soil:

2
D, -2h 2h
P2 = 2b2q[%] tg4[%arCCOS[1 _D_ZJJ (5)
2
D, -2h ? 2h
Py = 2b3q[%] tg‘{%arccos[l —D—3H (6)
3

where b,, bs is the width of the rim of the balancing
wheel and the press wheel, respectively, m; ¢ is the
coefficient of the volume soil deformation, kN/m?; A,,
hy is the track depth after the passage of the balancing
wheel and the press wheel, respectively, m; D,, D; is the
diameter of the balancing wheel and the press wheel,
respectively, m.

The width of the rim is selected based on the value
of the allowable pressure on the soil and is 5,=0.12 m
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for the balancing wheel and 5;=0.025 m for the press
wheel. At the same time, based on the calculations, it
has been established that an increase in the diameters of
the balancing wheel and the press wheel D, and Ds,
respectively, has little effect on the change in the
tractive resistance P, and P; in the considered range of
the values from 0.20 to 0.6m (Fig. 4). Notably, the
determining influence on the tractive resistance of these
tools is exerted by the values of the vertical forces
acting on them and generating reactions Ps and Pg. The
values of these reactions are determined by the weight
of the structure and the adjusting springs of the section
(pos. 2 and pos. 7 in Fig. 1). Thus, to determine the dia—
meters, the requirements fors ensuring the agrotechnical
passing ability of the section should be used, according
to which the minimum allowable diameter of the
balancing and press wheels can be determined by
dependence (7):

(/’3+€04j

2
D2,3min ZDC-CZg ( B

(7
where D, is the diameter of the soil clod (0.10...0.12 m);
@3, p41s the angle of friction of the soil clod on the soil
and the rim material, degrees (p3+¢4=55...65°).
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Figure 4. The dependence of the tractive resistance of the
balancing and press wheels on their diameters

Taking into account the calculated values of the
tractive resistance and the calculations of the minimum
allowable diameters using the ratio (7), the values of the
diameters D, and D; should be selected from the range
0f 0.30...0.40 m.

The most sizeable term in sum (1) is the tractive
resistance of the anchor colter. Taking into account
potential seeding to a depth of 15 cm, the tractive
resistance of the colter can be represented as the sum of
the horizontal component of the resistance force acting
on the chisel and the rack:

Ry =R, + R, 5 (8)

The interaction of the anchor colter chisel with the
soil is similar to that of a two-sided wedge; therefore, its
tractive resistance can be calculated from dependence (9):

Rcol =a- bcol '70'tg(ﬁ0 + @0{\/2 'Sin( 0)+ &JIO‘I (9)
sin (ﬂo)

where « is the tilling depth, m; b, is the chisel width,
m; 7, is the volume soil weight, kg/m®; v is the wedge
speed, m/s; f, is the angle of setting the chisel to the
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furrow bottom, degrees; ¢, is the angle of soil friction
on the working surface of the chisel, degrees; 4y is the
furrow slice uplift height, m; g is the free-fall
acceleration, m/s>.

The force acting from the soil on the rack can be
determined by dependence (10):

R, =ka, (b, +2d, - f) (10)

where a; is the motion depth of the colter rack, m; & is
the resistivity coefficient of the soil with the unchanged
structure, kKN/m?%; b, is the thickness of the colter rack,
m; d, is the width of the colter rack, m.

During the technological process, the rack moves
directly along the track of the slotting disk, which
vertically cuts the soil to a constant depth /4 loosening
the soil and thus reducing its resistivity from k; to k.
Thus, dependence (10) can be represented in its final
form as follows:

Rr:(kl(ar_hd)+k2'hdxbr+2dr'f)~ (11)

where k&, is the resistivity coefficient of the soil with the
changed structure, kN/m”.

Taking into account (9) and (11), dependence (8)
can be written as follows:

—a by 2 g he | -1
Fy=a by, 70’g(ﬁo+¢0{v s1n(ﬂ0)+—sin(ﬁo)]10 + (12)

+ (kl(ar _hd)+ k2 'hdxbr + 2dr f)

With an increase in the depth a, the tractive resistance
R4 increases (Fig. 5). Depending on the soil resistivity,
the use of the slotting disk can reduce the tractive
resistance of the anchor colter by about 10...15% since a
part of the rack passes through the soil structure changed
from interaction with the slotting disk.
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Figure 5. The dependence of the tractive resistance of the
anchor colter on the tilling depth and the motion speed
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Figure 6. The dependence of the tractive resistance of the
sowing section on the tilling depth and the motion speed
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In the final form, the dependence for calculating the
tractive resistance of the sowing section can be
represented as follows:

&) 2
goP SO0 a2 L
4 180 D, D,

2
O_Dl [1 - {; Mccos(l B 2Dh;lj]J " Qq(@] A
o N2
.zg4 (; arccos [l - 21’)2'2]] +2byq (%j .

Atg4 (;arccos[l—zDh:DJra-bml ~]/0(ﬂ0 +¢b)

. -h
(vz.sin(ﬂO)Jrsi(éo)JlO_l+(k1(a,—hd)+k24hd)(b,+2d,,f)

The nature of the change in the tractive resistance of
the sowing section depending on the tilling depth can be
represented graphically in the following form (Fig. 6).

The change in the tractive resistance R of the sowing
section (Fig. 6) depending on the depth a and the speed
v is similar to the above change in the resistance P, of
the anchor colter (Fig. 5), taking into account the
increase in the values by the additional resistance of the
section’s tools (slotting disk P;, balancing and press
wheels P,, P;). With an increase in the tilling depth, the
tractive resistance of the sowing section is increased
linearly. The tractive resistance also increases with an
increase in soil resistivity.

3. EXPERIMENTAL STUDIES OF THE TRACTIVE
RESISTANCE OF THE SOWING SECTION IN
LABORATORY CONDITIONS

The experimental studies of the tractive resistance of the
sowing section were carried out in laboratory
conditions. To this end, an experimental model of the
sowing section was placed on a driven trolley using a
special fastening (Fig. 7)

Figure 7. The sowing section on a driven trolley in the
laboratory (1 — driven trolley of the tillage bin; 2 — sowing
section; 3 - fastening; 4 — strain gauge)

To confirm the results of the theoretical studies, the
following factors were chosen as controllable in the
experiment:

- The speed of the sowing section, v, m/s. During the
experiment, it was changed in the range from 0.6 to 1.8
m/s using the power-drive station of the tillage bin;
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- The colter motion depth, @, m. During the
experiment, it was changed in the range from 0.06 to
0.12 m using the lifting frame of the driven trolley;

- The value of the reaction acting on the balancing
wheel, Ps, kN. It was regulated in the range from 1.0 to
2.0 kN by changing the spring force of the
parallelogram mechanism and the sowing section depth
adjuster. The value of the set force Ps was controlled by
the scales (Fig. 8).

The main design parameters affecting the resistance
of the sowing section were taken constant based on the
results of the above theoretical calculations.

The experiment was conducted according to one-
factor plans by a sequential search of all controllable
factors.

Figure 8. Static determination of the reaction acting on the
balancing wheel using the VA-15 scales (a - remote control
panel of the scales; b - scales platform)

Experiments were also carried out to assess the
tractive resistance of individual tools of the sowing
section. The tractive resistance of the anchor colter of
the sowing section without the press wheel, the slotting
disk, and the balancing wheel was determined. In this
experiment, only the anchor colter was installed on the
section; other tools were dismantled (Fig. 9)

Figure 9. Determining the tractive resistance of the anchor
colter of the sowing section

The tractive resistance of the balancing wheel
without the slotting disk (Fig. 10a) and with the slotting
disk (Fig. 10b) was determined separately. In this
experiment, the anchor colter and the press wheel were
dismantled.

Figure 10. Determining the tractive resistance of the
balancing wheel without the slotting disk (a), with the
slotting disk (b)
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The tractive resistance of the sowing section and its
tools was measured separately using the MIC-400D
measuring and computing complex and a strain gauge
with a nominal tensile force of 0.5 tons (Fig. 11).

Figure 11. Strain gauge

The measurement data obtained during the expe—
riment were processed using the Recorder 3.4.0.16 pro—
gram installed on the MIC-400D complex. The
subsequent analysis and data processing were carried
out using the WinPOS 3.2.8.31 suite for post-experi—
mental measurement information processing.

Prior to the experiments, the main physical and
mechanical properties of the soil in the tillage bin:
hardness, moisture content, and density, were deter—
mined (Table 1).

Table 1. Physical and mechanical properties of the soil

INDICATOR | Value
Soil moisture, %, in the layer, cm
0..5 1.9
5..10 3.0
10...15 52
15...20 7.4
Soil hardness, MPa, in the layer, cm
0..5 0.59
5..10 0.94
10...15 1.22
15...20 1.74

The results of determining the tractive resistance P,
of the anchor colter experimentally, depending on the
travel speed v and the tilling depth a, are graphically
shown in Fig. 12.

0.90 | -
0.80 127 v=1.8 [mis];
070 T
Z 0,60 2 ==
- 7 /,z"' v=1.2 [m/s]
& 0.50 L - b
// - ]
0.40 A /,/’ v=0,6 [m/s]
0.30 e o
0.20 ==T
0.10

0.06 0.07 0.08 0.09 0.10 0.11 0.12
a [m]

Figure 12. The dependence of the tractive resistance P, of
the anchor colter on the working speed and the tilling depth
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With an increase in the working speed v and the
tilling depth a, the tractive resistance P, naturally
increases, which is consistent with the results of the
theoretical studies. Thus, the determining factors of the
tractive resistance of the anchor colter are the tilling
depth, the motion speed, and the physical and
mechanical properties of the soil.The second sizeable
term in the tractive resistance of the sowing section (1)
is the resistance P, of the balancing wheel. Based on the
obtained experimental data, the following dependence
of the tractive resistance of the wheel P, on the vertical
reaction Ps acting on it was constructed (Fig. 13).

0.07 | Lo —==="""" TP 2.0 [kN]|
0.06 —
_ JE———
%005 | ome== P.=1.5 [KN]|
A
0.04
0.03 == P4=1.0 [KN] |

06 08 1.0 12 14 16 18
v [m/s]

Figure 13. The dependence of the change in the tractive
resistance P, of the balancing wheel on the working speed
and the value of the vertical reaction P;

The value of the vertical reaction Ps should be
selected depending on the tilling depth a and the soil
resistivity to ensure a stable motion of the sowing
section and an appropriate uniformity of the seeding
depth. As we can see from the resulting graph (Fig. 13),
the value of the vertical reaction P5 acting on the
balancing wheel significantly affects P2. Thus, based on
the data obtained experimentally, the value of the
tractive resistance of the balancing wheel will be about
5...10% of the colter resistance, depending on the depth
a. Notably, the speed in the considered range generally
affects the force P, and this effect is most significant at
higher values of the vertical force acting on the
balancing wheel.

The installation of the slotting disk slightly increases
the tractive resistance. Based on the obtained
experimental data, the following graphical dependences
of the change in the tractive resistance P,+P, of the
slotting disk interlocked with the balancing wheel will
be constructed (Fig. 14).

o
0.09 =T P 2.0 [N
Z 008 —~ T
) -
& S
X 0.07 R P =15 [kN]
0.06
0.05 =TT PSLOKN]
- L

06 08 10 1.2 1.4 16 1.8
v [m/s]

Figure 14. The dependence of the change in the tractive
resistance P,+P; of the slotting disk with the balancing
wheel depends on the working speed and the value of the
vertical reaction Ps
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After analyzing the form of the obtained depen—
dences (Fig. 14), it can be concluded that using an
additional element (slotting disk) has expectedly inc—
reased the tractive resistance. However, in general, the
nature of the obtained dependences versus the previ—
ously presented ones (Fig. 13) has not changed sig—
nificantly. Notably, an increase in tractive resistance
due to the addition of the slotting disk will be leveled by
a decrease in tractive resistance of the anchor colter
following its trail.

Especially when the slotting disk is used, the effect of
soil removal by the anchor colter following its trail is
significantly reduced. It is obvious when the furrows left
by the sowing section after passing with and without the
installed slotting disk are visually inspected (Fig. 15).

a ' b

Figure 15. A furrow left after the passage of the sowing
section: a - the sowing section with the installed slotting
disk; b - the sowing section without the installed slotting
disk

Figure 16 shows the change in the value of the
tractive resistance of the sowing section without and
with the installed slotting disk, depending on the tilling
depth a and the speed v.

0 | |
————— — the disk is uninstalled -1
09| —-—-—thediskisinstalled _~~
=7 /"/.
0.8 -7 —"Ty=1.8 [m/s]]
— =T -]
Z 0.7 Pt =
= - P v=1.2 [m/s]
proc P
0.5 S - =S ="020.6 [mis]
’/_f_.—/—
0.4 =TT
0.3 i
0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12
a[m]

Figure 16. The dependence of the tractive resistance of the
sowing section (with and without the installed slotting disk)
on the working speed and tilling depth (with a vertical load
Ps=2.0kN)

The nature of the change in the tractive resistance of
the sowing section without and with the installed
slotting disk is generally similar; it grows with an
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increase in the speed v and the tilling depth a. At the
same time, analyzing the results of the experiments, it
can be noted that the tractive resistance of the sowing
section with the installed slotting disk is lower than that
without the disk. On average, the tractive resistance of
the sowing section with the installed slotting disk is
0.04kN lower than that without the disk. Considering
the relatively low value of soil resistivity in the
laboratory conditions of the tillage bin, it can be
expected that the above difference will be much higher
in the field conditions.

The degree of conformity of the results of the
theoretical and experimental studies based on the
following graph will be further considered (Fig. 17).

. —— " theoretical
0.9 — - — - +—experimental
0.8 /
Z 0.7 /.-/’v=1.8 [m/s]
= 06 = "/‘Tl_j /
. / = v=12 [m/s]
0.5 / .‘/"/ _/-——’1
04 '/-/ /_//,:,/.4-"" y=0.6 [m/s]
0.3 = ‘
0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12
a[m]

Figure 17. The regularity of the change in the tractive resis—
tance of the sowing section (with the slotting disk) R depe—
nds on the working speed and the tilling depth of the colter
at Ps=1.0kN

A similar graph will be constructed to assess the
balance wheel's influence on the tractive resistance of
the section at different values of the vertical reaction Ps,
increasing the value from 1.0kN to 2.0kN will be con—
structed (Fig. 18).

the speed v, and the value of the reaction Ps_similarly to
the data obtained from the theoretical studies.

Based on the theoretically and experimentally
obtained values of the tractive resistance of the sowing
section, the paper can recommend tractors of the
following categories as a first approximation. It is
supposed to install 37 sowing sections on a sowing
complex with a working width of 10m and a planting
width of 0.27m, based on which a tractor with a rated
tractive force of S0kN should be equipped with such a
seeder. At a working width of 12m, 48 sowing sections
should be installed on the seeder, so a tractor with a
rated tractive force of 80kN should be used.

4. LABORATORY AND FIELD EXPERIMENTS

To confirm the objectivity of the results of the
theoretical studies and laboratory experiments,
laboratory-field and field experimental studies were
carried out with the PK-12.7 sowing complex equipped
with combined sowing sections (Fig. 19).

Figure 19. PK-12.7 sowing complex equipped with
combined sowing sections

The specifications of the PK-12.7 sowing complex
are presented in Table 2.

Table 2. Specifications of the PK-12.7 sowing complex

Name of parameter Value
Type tractor-drawn,
1.0 ‘ . tiller
theoretical - Drawbar category 8
0.9 —{-—-1—experimental Working speeds, km/h 7..10
T Operating width, m 12.7
0.8 = v=1.8 [m/s] Transport speed, km/h 20
— / ‘ port speed,
é 0.7 3 e i __.]/2-;[ ol Productivity per 1 hour, ha 7.0
I~ - - =Lz |m/s Overall dimensions of the machine, mm
0.6 — // - J‘/ in the operating position:
L T - length 25,615
] = = 0s [m/s] ] - width 13,375
//_// - height 5,535
04 - = Operating mass of the machine, k 21,200
= perating mas » K8 >
0.3 Tanker capacity, dm’ : 6.9
0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12
a[m] The experiments were carried out in the

Figure 18. The dependence of the tractive resistance of the
sowing section (with the slotting disk) R on the working
speed and the tilling depth of the colter at P5=2.0kN

Based on the type of the obtained graphs (Fig. 17
and Fig. 18), it can be concluded that the value of the
tractive resistance of the sowing section obtained
experimentally increases with an increase in the depth a,
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Shchuchansky district of the Kurgan region, the Russian
Federation. An analysis of the hydrothermal conditions
of the area characterizes the moisture conditions of the
growing season as arid and not completely favorable for
the cultivation of agricultural crops.

The main agrotechnical and energy indicators of the
PK-12.7 sowing complex operation were determined
during the laboratory and field experiments.
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It has been established that using combined sowing
sections provides a good uniformity of the seeding
depth. At the specified depth of 85 mm, the average
depth based on the experiment's results is 86.1 at the
variability index of 1.77%.

The tractive resistance of the sowing complex with
the following physical and mechanical properties of the
soil varies (Table 3) from 68.5 to 87.7kN at speeds from
1.38 to 2.21m/s. At the same time, the tractor propellers
slip in the permissible range from 7.0 to 11.8%.

Table 3. Physical and mechanical properties of the soil

Indicator | Value
Soil moisture, %, in the layer, cm
0-5 15.6-19.5
5-10 16.5-19.6
10-15 16.0-16.2
Soil hardness, MPa, in the layer, cm
0-5 1.69
5-10 1.71
10-15 1.83

During the field experiments, the characteristics of
plants by sprouts and before harvesting and estimated
yield were determined (Table 4).

Table 4. Results of the field experiment

INDICATOR Value
Seeding rate, kg/ha 130
Crop wheat
Variety Omskaya-36

Characteristics of sprouts
Quantity of sprouts, pcs/m’ 284
Field germination rate, % 84.5
Quantity of stems, pcs/m’ 578
Tillering coefficient 2.6
Biomass of sprouts, g/m’ 482
Soil hardness, MPa, in the layer, cm

Quantity of productive stems, pcs/m2 305
Quantity of grains in the head, pcs. 30.7
Mass of 1,000 grains, g 28.3
Yield at the planting rate, centners/ha 26.5

The obtained yield of 26.5 centners/ha can be
considered satisfactory for arid conditions. This effect is
achieved mainly due to the use of combined sowing
sections, which do provide not only good uniformity of
seeding down but also form protective ridges on the soil
(Fig. 20), allowing one to retain and accumulate
moisture, as well as to protect sprouts from the negative
impact of wind at early vegetation stages.

Figure 20. Sprouts of grain crops after sowing with the PK-
12.7 complex

FME Transactions

5. CONCLUSION

A mathematical model was obtained to determine the
tractive resistance of the combined sowing section,
depending on the design and operating parameters. It
was established theoretically that the tractive resistance,
depending on the operating conditions, can increase
from 0.4kN to 1.2kN with an increase in the tilling
depth from 0.05m to 0.15m. Design documentation and
an experimental sample of the sowing section were
developed based on these studies. The experimental
studies of the sowing section sample in the soil channel
confirmed the results of the theoretical studies.

Design documentation was prepared, and a sowing
complex for no-till sowing was manufactured. The
generalization of the results of the sowing section's
theoretical and  experimental studies allowed
determining the sowing complex's main operational and
technical specifications for the no-till technology. Thus,
the drawbar categories of tractors were established to be
configured with sowing complexes with an operating
width of 10 and 12m.

The laboratory and field experiments with the
developed sowing complex showed the possibility of
uniform seeding to 8 cm or more depth. Using the
developed sowing complex in the grain farming
technology allows one to achieve a high yield of grain
crops of 26.7c/ha given a significant moisture deficit.

At the same time, it was established that the
developed sowing complex has an increased resistance,
reaching 87.7kN in some modes, which forms the basis
for further research to reduce resistance.
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CTYAUJA BYUHOI' OTIIOPA OJACEKA 3A
CAJBBY BE3 OBPAJIE

C. llleneBenes, M. IljaTajes, E. KpaBuenko

VY pany cy mpHKa3aHu pe3yliTaTd NpoydaBarkba BYYHOT
OTIOpa KOMOWHOBaHE CETBEHE CEKIHWje 3a HO-THILI
TeXHOJOrHjy cerBe. CeTBEHH JIeO CE CacToju O] JAUCKa
3a ype3uBame, CHIPSHOT KOJIEKTOpa H MpUTUCKa. Jla Ou
ce obOe3bemmnma CTaOMIHOCT KpeTama paclplInBaya,
CEeKLMja MMa HapaJeJIOrPaMCKO OCJIambake M TOYaK 3a
OajaHcHpame Ha KOjU JieNlyje MOJleCHBa BEpTHKAIHA
CHJa y 3aBHCHOCTH O] OTIIOpa 3eMJBMINTa M JyOHHE
obpane. CerBenu nieo 00e30elyje na ce ceme 3aceje Ha
3amaTy OyOMHY Yy BJIQKHOM CJOjy 3eMJbe IpeMa
arpoTeXHUYKUM 3axTeBuMa. Ha OCHOBY TeopHjcKux
cTyauja noOHjeHa je aHaJUTHYKa 3aBUCHOCT Koja
omoryhaBa ojpehuBame By4HOr OTIOpa II0jeIMHUX
ajaTa M CETBEHE CEKIHMjeé Yy 3aBUCHOCTH O]
KOHCTPYKIHMjCKMX ¥ PaJHUX Mapamerapa. Y panmy cy
NPUKa3aHH PEe3YJITATH eKCIIEPUMEHTAIHUX UCIUTHBAKbA
JMHAMOMETApCKOI HCIUTUBAaKa CETBEHE CEKLHje V
nabopaTopHjcKUM yciaoBUMa. Y Ty CBPXY KOpHIIhEeHH
Cy QHAJOTHO-AUTUTAIHH MEPHO-PaYyHAPCKH KOMILIEKC
1 copTBEPCKH MaKeT 3a MOCTEKCIIEPUMEHTAIHY 00paxy
eKCIIePUMEHTAIHUX IofaTaKa. Jobujene cy
eKCIIEpUMEHTaJIHE ~ 3aBUCHOCTH  BYYHOI'  OTIOpa
NOje/IMHAYHUX ajaTa U MpeceKa 3a Cejame YOIIIITE, LITO
notephyje HCIPaBHOCT TEOPH]jCKUX cTyauja.
[TpubmwkHO je oapeleHa Ha3MBHA ByYHa CHJIAa TPAKTOpa
Y TIPUKa3aHu Cy Pe3yJTaTH J1JabopaTopHjCKO-MOJBCKUX U
MOJBCKUX OIJIEa Ca CETBOM.
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