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Abstract. No-tillage technologies have been developed in the world and in Lithuania at the same time, because
of economical and environmentally-friendly advantages. However, the sowing into no-plowing and completely
undeveloped soils is more complex because plant residues prevent in the soil. Using no-tillage technology, the
soil surface is usually much harder if compared with tillage soils. Therefore, the sowing coulter in no-tillage soils
has more difficulty in penetrating into the soil and ensuring the required sowing depth. The soil hardness also has
an unavoidable influence on tillage and traction forces of sowing coulters. The research aim is to determine the
influence of soil hardness of different tillage on the traction force of various coulters. The tests were carried out
in three variants. In the first version the soil surface was loosened by the vertical rotary cultivator, in the second
version it was loosened by the vertical rotary cultivator and compressed two times by a plain roller of 1000 kg
mass, in the third version it was compressed six times by the plain roller. The tests were carried out with two
different coulters: hob and complex, which consisted of two disc and hob coulters. The coulters were pulled at
the speed of 1.39 m- s’l, the traction force was measured by six sensors, three of which measured the horizontal
force, two measured the vertical force and one measured the lateral force. The tests have shown that to pull the
complex coulter less traction force is required than to pull the hob coulter independent on the soil hardness.
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Introduction

The recent increase in fuel prices is becoming more and more important for reducing the energy
consumption problem. In order to minimize energy consuption new tillage technologies are developed
that reduce the number of passes through the soil, and use less energy receptive working parts. When
sowing into no-tillage soils the greatest forces affect the sowing coulter because the hard soil surface
resists to the coulter penetration into the soil and the traction.

Sowing coulters of each type have benefits and limitations. However, under different conditions
their working parts do not always satisfy the agrotechnical requirements of the sowing quality. Hoards
of straw and soil have more negative influence on the sowing quality of hob coulters compared with
disc coulters. Moist and less fine-cut straw especially prevent to reach good quality results [1; 2].

The insertion conditions of agricultural plant seeds into no-tillage soil are more complicated
compared to routine sowing into well prepared soil. It is difficult to make a clean furrow of even depth
where the inserted plant seeds would ensure good growth conditions when the soil surface is hard and
overlaid with plant residues [3]. When sowing into no-tillage soil, the discs of drill coulters penetrate
worse than into no-plowing or minimum tillage soil due to greater soil hardness. The disc drills of
greater mass are designed in order to ensure the established sowing depth. Therefore, the part of the
gravity force of the sowing coulter increases and it easier penetrates into the soil [4].

The horizontal resistance force of the sowing coulter is the most important from the energy
consumption point of view, because it makes 80-90 % of resistance force of all the operating parts of
the disc drill. This force depends on the coulter design and the soil properties [5].

The sowing coulters are also influenced by the vertical resistance force. The ratio of the disc
coulter vertical resistance force with horizontal force can amount to two or even more times in the
hard soils [6]. The vertical force influencing the shank coultes and sagittal coulters depends on their
angle position, operating depth, soil properties and speed [7; 8]. Sowing coulters are different from the
point of view of soil loosening and energy consumption. This is especially important when sowing
into the hard, unloosened soil when the energy demand is much greater than when sowing into the
loosened soil [9; 10].

The relative soil resistance of hard loam soil is the least when the soil moisture content is 16.4-
23.5 %, and the soil hardness decreases from 2700 kPa to 800 kPa when the soil moisture content
changes from 10 % to 25 %. The soil resistance increases about 1.4 times when the moisture content
changes from 25 % to 28 % [10].
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According to Germanas [11], the change of the angle position of the disc sowing coulter in the
movement direction has the most impact on the horizontal resistance force. Changing this angle from
0° to 10°, the resistance force increases from 1.28 to 1.66 times in the light loam soil, depending on
the straw number and length.

Germanas [9] has compared the sagittal, single-disc and two-disc sowing coulters in the working
depth of 30-50 mm and found that the least traction force is needed for the sagittal coulter during
loosening of loam soil. This force decreases for the single-disc coulter when its turning angle is
increased in the movement direction. The least traction force of the single-disc coulter when it is
turned at the angle of 5° is (124.1 N), the largest traction force of the two-disc coulter is (176.2 N).

Povilaitis and Germanas [12] have investigated the resistance to traction of hob and sagittal
sowing coulters in sandy loam (the hardness of 160-164 kPa) and loam (the hardness of 185-250 kPa)
soils. They have shown that the drag resistance forces of the hob coulter are relatively low at the
sowing depth of 2-3 cm in the loosened soil. The horizontal resistance force of the coulter in the sandy
loam soil is by 1.3 time less than in the loam soil. When sowing in the depth of 4-6 cm the horizontal
resistance force is by 2-3 times greater than when sowing in the depth of 2-3 cm in sandy loam and
loam soils.

Sarauskis [13] states that to pull the direct-sowing coulter in the soil of different hardness one
needs from 0.028 to 0.109 kN less force if compared with the routine coulter. Increasing the soil
hardness from 0.4 to 0.88 MPa, the traction force of the direct-sowing coulter increases by 0.086 kN.
When the speed of the direct-sowing coulter is varied from 1.39 m-s™ to 2.50 m-s”, and the soil
hardness is 0.4 MPa, the traction force increases by 0.047 kN, and when the soil hardness is 0.88 MPa,
the traction force increases by 0.017 kN.

Ranta etc. [14] have investigated flat and wavy sowing disc coulters with different wave intervals.
They have shown that the vertical and horizontal traction forces are more stable for the disc coulter
with 26 waves than for the flat coulter and the disc coulter with 14 waves when the operation speeds
were 3 km-h" and 11 km-h™".

Celik and Raper [15] have stated that the tillage disc coulter with five blades needs significantly
less force (from 10 to 68 %) in the depth of 25 and 38 cm than the coulter without blades and shank
type coulter.

The research aim is to determine the influence of the soil hardness of different tillage on the
traction force of various coulters.

Materials and methods

The tests were carried out in the soil bin that is 46 m long, 5 m wide and 1.2 m deep. The
composition of the soil in the bin was 72 % of sand, 16 % of loam, 12 % of clay. The soil hardness
was changed three times: in the first version the soil surface was loosened by 1.5 m width vertical-
rotar cultivator, in the second version the soil suface was compacted two times by 1.3 m width plain
roller the mass of which was 1000 kg, in the third version the soil surface was compressed six times by
the plain roller. The soil hardness was measured with manual penetrometer with time indicator (the
value of one scale division was 6894.7 Pa), the engagement of soil clods was measured with a gauge
with the blade type propeller tip (the value of one scale division was 0.04788 kPa), moisture was
measured with the volume moisture meter “TRIME-FM”.

The researchers used the hob and complex coulters adapted for sugar beet precision sowing. The
complex coulter consisted of two 380 mm diameter disc knifes with notches, installed at the angle of
15° and the hob coulter installed between the discs, which went deep into the soil at the angle of 105°,
moreover, it made the furrow of 30 mm depth (Fig. 1). The minimum interval between the disc knifes
was 6 mm. The right disc knife had 11 semi-circular notches, the left disc knife had 15 semi-circular
notches. The left-side disc knife was pushed in respect to the right-side disc knife by 15 mm forward
in the driving direction. The disc knives went into the soil at the depth of 25 mm.

The coulter resistance force to traction was measured with a traction force meter that consisted of
the frame of two parts with six measuring sensors, three of which recorded the horizontal, two vertical
and one lateral traction force. The traction forces meter was attached between the self-propelled
machine and one section of the frame of the precision sowing drill. The speed was measured by the
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wheel rotating near the disc drill. The measurement time is 10 s, ten traction forces and speed
values were measured during one second. The sowing coulters were pulled at the speed of
1.39 m-s™. The sensor data were collected and then processed by a computer , MGCPANEN
program. The tests were carried out in three replications, the experimental data were processed using
mathematical statistical methods.

Fig. 1. Complex sowing coulter parts: 1 — disc knife with notched blades; 2 — mounting place of the
disc knife; 3 — hob coulter with extended hob; 4 — mount of sowing apparatus

Results and discussion

The research has shown that the hardness of soil was from 0.006 MPa to 0.044 MPa in the first
variant (the soil surface was loosened), in the second variant (the soil surface was two times
compressed) the soil hardness was about 20 times greater than in the first variant (from 0.227 MPa to
0.493 MPa) like in no-tillage light loam soil (Table 1). The soil hardness in the third variant (the soil
surface was compressed six times) was greater about two times than in the second variant and the soil
hardness was like in the medium hardness no-tillage loam soil (from 0.657 MPa to 0.827 MPa).

Table 1
Data of soil hardness, moisture content and soil lump adhesion
Soil hardness, MPa Soil lump adhesion, MPa Soil moisture, %
Depth, Research variant
mm
I I I I I I I I 1
0 0.006 | 0.227 | 0.657
25 0.025 | 0.397 | 0.889 | 0.002 0.017 0.044 4.50 | 11.30 | 10.90
50 0.044 | 0.493 | 0.827

In the third variant in the depth of seed insertion the soil lump adhesion was about 22 times
greater than in the first variant and about 2.5 times greater than in the second. The soil moisture
content was similar in the second and third variants, in the first variant it was about 2.5 times less.

The research has shown that pulling of the hob sowing coulter in the soil loosened by a vertical
rotor, the hardness of which is 0.044 MPa, the horizontal traction force was on average about 0.60 kN
(Fig. 2), the vertical force was about 0.45 kN and the lateral force was about 0.07 kN.

The research has shown that the horizontal traction force was on average about 0.60 kN (Fig. 3),
the vertical force was about 0.26 kN and the lateral force was about 0.02 kN, when pulling the hob
sowing coulter in the soil compressed two times by the plain roller of 1000 kg mass, the soil hardness
was 0.493 MPa.

The compared operating results of the hob sowing coulter in the soil of 0.044 MPa and 0.493 MPa
hardness have shown that the horizontal traction force in both variants was the same (0.60 kN) and in
the soil of 0.044 MPa hardness, the vertical traction force was greater by 58 %, and the lateral force by
71 % less.

The research has shown that the horizontal traction force was on average about 0.70 kN (Fig. 4),
the vertical force was about 0.20 kN and the lateral force was about 0.14 kN, when pulling hob sowing
coulter in the soil compressed six times by the plain roller of 1000 kg mass, the soil hardness was
0.827 MPa.
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Fig. 2. Traction forces of hob coulter in the soil of 0.044 MPa hardness

The horizontal traction force of the hob sowing coulter was by 14 % greater in the soil of 0.827
MPa hardness than in the soil of 0.044 MPa and 0.493 MPa hardness, the vertical traction force was
by 56 % less than in the soil of 0.044 MPa hardness and by 23 % greater than in the soil of 0.493 MPa
hardness. The lateral traction force was by 75 % greater in the soil of 0.827 MPa hardness than in the
soil of 0.044 MPa hardness and by 56 % greater than in the soil of 0.493 MPa hardness.
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Fig. 3. Traction forces of hob coulter in the soil of 0.493 MPa hardness

The research has shown that the horizontal traction force was on average about 0.64 kN (Fig. 5),
the vertical force was about 0.49 kN, the lateral force was about 0.02 kN, when pulling the complex
sowing coulter in the soil loosened by the vertical rotors, the soil hardness was 0.044 MPa.

The research has shown that the horizontal traction force was on average about 0.63 kN (Fig. 6),
the vertical force was about 0.25 kN, the lateral force was about 0.02 kN, when pulling the complex
sowing coulter in the soil compressed two times by the plain roller of 1000 kg mass, the soil hardness
was 0.493 MPa.

The compared operating results of complex sowing coulter in the soil of 0.044 MPa and 0.493
MPa hardness have shown that the horizontal traction force was similar (in the soil of 0.044 MPa
hardness it was 0.64 kN, in the soil of 0.493 MPa hardness it was 0.63 kN), the vertical traction force
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decreased from 0.49 kN to 0.25 kN, the lateral force decreased from 0.02 kN to 0,02 kN when the soil

hardness was 0.044 MPa.
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Fig. 4. Traction forces of hob coulter in the soil of 0827 MPa hardness

The research has shown that the horizontal traction force was on average about 0.60 kN (Fig. 7),
the vertical force was about 0.47 kN, the lateral force was about 0.05 kN, when pulling the complex
sowing coulter in the soil compressed six times by the plain roller of 1000 kg mass, the soil hardness

was 0.827 MPa.
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Fig. 5. Traction forces of complex coulter in the soil of 0.044 MPa hardness

The horizontal traction force of the complex sowing coulter was about 6 % less in the soil of
0.827 MPa hardness than in the soil of 0.044 MPa and 0.493 MPa hardness, the vertical traction force
was by 4 % less than in the soil of 0.044 MPa hardness and by 46 % greater than in the soil of 0.493
MPa hardness. The lateral traction force was by 60 % greater in the soil of 0.827 MPa hardness than in
the soil of 0.044 MPa hardness and by 70 % greater than in the soil of 0.493 MPa hardness.

The research has shown that to pull the complex sowing coulter in the soil of 0.044 MPa hardness
the horizontal traction force needed is about 6 % greater than for the hob sowing coulters, by 5 %
greater force is needed in the soil of 0.493 MPa hardness and by 14 % less force is needed in the soil
of 0.827 MPa hardness. When pulling the complex sowing coulter while the soil hardness increased
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from 0.044 MPa to 0.827 MPa the horizontal traction force decreased, and the horizontal traction force
increased when the hob sowing coulter was used.
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Fig. 6. Traction forces of complex coulter in the soil of 0.493 MPa hardness
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Moreover, the comparison of the research results has shown that to pull the complex sowing
coulter the vertical traction force needed is by 8 % greater than when the hob sowing coulter is used,
in the soil of 0.044 MPa hardness, by 1 % less force in the soil of 0.493 MPa hardness and by 57 %
greater in the soil of 0.827 MPa hardness. The lateral traction force needed to pull the complex sowing
coulter is about 56 % greater than when the hob sowing coulter is used, in the soil of 0.044 MPa
hardness, the traction force is the same in the soil of 0.493 MPa hardness, and by 64 % less in the soil
of 0.827 MPa hardness.
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Fig. 7. Traction forces of complex coulter in the soil of 0.827 MPa hardness

Conclusions

1. The soil hardness was 0.044 MPa in the depth of 50 mm, soil lump adhesion was 0.002 MPa,
moisture content was 4.5 %, in the soil loosened by the vertical rotary cultivator. The soil
hardness was 0.493 MPa, soil lump adhesion was 0.017 MPa, moisture content was 11.3 %, in the
soil compressed two times by the plain roller of 1000 kg mass and the soil hardness was 0.827
MPa, soil lump adhesion was 0.044 MPa, moisture content was 10.9 %, in the soil compressed six
times by the plain roller of 1000 kg mass.
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To pull the complex sowing coulter the horizontal traction force is needed by 6 % greater than
when the hob sowing coulter is used (for the complex sowing coulter 0.64 kN, for the hob sowing
coulter 0.60 kN) when the soil is loosened by the vertical rotor and the soil hardness is 0.044
MPa, by 5 % greater force is needed (for the complex sowing coulter 0.63 kN, for the hob sowing
coulter 0.60 kN) when the soil is compressed two times and the soil hardness is 0.493 MPa, by
14 % less force is needed (for the complex sowing coulter 0.60 kN, for the hob sowing coulter
0.70 kN) when the soil is compressed six times and the soil hardness is 0.827 MPa.

To pull the complex sowing coulter the vertical traction force is needed by 6 % greater than when
the hob sowing coulter is used (for the complex sowing coulter 0.49 kN, for the hob sowing
coulter 0.45 kN) when the soil is loosened by the vertical rotor and the soil hardness is 0.044
MPa, 1 % less force is needed (for the complex sowing coulter 0.25 kN, for the hob sowing
coulter 0.26 kN) when the soil is compressed two times and the soil hardness is 0.493 MPa, by
57 % greater force is needed (for the complex sowing coulter 0.47 kN, for the hob sowing coulter
0.20 kN) when the soil is compressed six times and the soil hardness is 0827 MPa.

To pull the complex sowing coulter the lateral traction force is needed by 56 % greater than when
the hob sowing coulter is used (for the complex sowing coulter 0.02 kN, for the hob sowing
coulter -0.07 kN) when the soil is loosened by the vertical rotor and the soil hardness is 0.044
MPa, the lateral traction force in both variants is the same (-0.02 kN), when the soil is compressed
two times and the soil hardness is 0.493 MPa, by 64 % less force is needed (for the complex
sowing coulter 0.05 kN, for the hob sowing coulter 0.14 kN) when the soil is compressed six
times and the soil hardness is 0.827 MPa.

The change of the speed and forces of the complex sowing coulter are less than that of the hob
coulter, therefore the complex sowing coulter worked more stable and made the furrow of
constant depth.
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