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Abstract: The article presents the effect of using a tillage tool with skimmers, second stage skimmers
and bodies (double-deck plow) on the reduction of traction resistance and energy consumption by
at least 1.1 kN, i.e. 3.3%. Also the statistical characteristics of the plowing depth and the width of
the longitudinal profile of the field are stabilized. The use of agricultural machinery with skimmers,
secondary skimmers or bodies ensures even distribution of plowing depth fluctuations. The use of
a plow without skimmers mounted on it leads to a regular and significant increase in the spread of
fluctuations in the working depth and cross-section of the field. The normalized correlation function
of this process is characterized by the presence of a noticeably marked periodic component. When
the plow is used without skimmers mounted on it, the working period of the unit practically
corresponds to the working width of the tillage tool. The use of skimmers with a grinding angle of
25° causes its deformation in the soil environment, which results in stratification, not shearing. This
ensures a statistically significant and regular decrease in the traction resistance of the plow.

Keywords: energy factors; plowing depth; work technology; agrotechnical substrate profile;
traction resistance

1. Introduction

For productive growth and development of agricultural crops, it is necessary to
create appropriate soil conditions determined by proper density, hardness, porosity,
humidity, etc. The soil is thus subjected to appropriate treatment in the form of
mechanical force applied to it by working bodies of various machines and cultivation
tools [1-3].

Until recently, plowing was the most common method of such processing. According
to DSTU 4691:2006 "General agriculture. Terms and definitions", "plowing is a method of
mouldboard tillage with a plow which provides crushing, loosening and turning a soil
layer by at least 135°." As defined by some experts, the additional purpose of plowing
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results from the need to create a background for sowing, which — as the authors believe — 48
is not always the case. 49

In addition, DSTU 4691:2006 points out that, in the case of a plow with skimmers, 50
plowing is called 'cultural’ [4]. It follows that ordinary plowing is or can be done witha 51
plow without skimmers. However, according to the world-famous soil scientist V.R. 52
Williams, such a constructive version of the cultivation tool is only possible when the 53
manure scattered onto the field is mixed into the soil [5]. In other cases plowing must be 54
done with a plow which must be equipped with skimmers. 55

Currently known definitions of the technological purpose of the skimmer were 56
analyzed and its disadvantages were considered. For example, the classic agricultural 57
literature emphasizes that this work team must cut the topsoil to a depth of 12 cm, turnit 58
over and lay it on the bottom of the furrow [6] to ensure deep incorporation of weeds [7] 59
and crop residues. Other scientists argue [8] that the skimmer is mainly designed to drive 60
the top layer of turf into the soil. 61

It was noted in the paper that a skimmer is required to reduce the loosening of the 62
plowed soil layer [9]. At the same time, it is emphasized that this working body performs 63
a blocked cut of the soil whereby the force needed to perform such a process increases 3- 64
5 times. Finally, it is concluded that the skimmer does contribute to an undesirable 65
increase in the pressing force of the plow against the furrow wall. And this obviously [10] 66

leads to an increase in the traction resistance of the entire cultivation unit. 67
The analysis of the above raises a number of questions to which it would be 68
problematic to find unambiguous answers. 69

Firstly, how to treat plowing with skimmers in the absence of salinity of the topsoil? 70
Secondly, the occurrence of lumps during the main crop cultivation confirms its 71
unsatisfactory structure. Of course, this happens due to repetitive annual plowing witha 72
plow without skimmers in the previous period. Well-structured soil is cultivated without 73
clumping. Therefore, their presence in modern practice does not mean that the prevention 74
of agricultural subsoil lumping was a prerequisite for the invention and use of such 75
working bodies as skimmers. 76
Thirdly, the statement that this cultivation unit performs a blocked cut of the soilisa 77
hypothesis rather than a postulate. If for no other reason, the main deforming action of 78
the skimmer on the soil layer is not cutting the soil, but its separation from the main mass 79
[11], as will be emphasized below. And the energy consumption for its implementationis 80
much lower than that of cutting or moving the soil [12]. 81
Fourthly, the skimmer makes a certain (a priori rather insignificant) contribution to 82
the process of pressing the plow against the furrow wall. However, in doing so, it 83
respectively reduces the analogous effect of the main body of the plow. After all, the latter 84
simultaneously deforms the soil layer whose height is already smaller than the depth of 85
the skimmer. 86
In comparison with the above interpretations, the most evidential position on the 87
establishment of this cultivation authority is contained in the paper. According to the 88
scientifically substantiated statement of V.R Williams, the skimmer is designed to replace 89
the 8-10 centimetre-deep top layer of damaged soil with its lower, more structured layer 90
[5]. Moreover, these layers do not need to be additionally loosened, crushed, turned over, 91
and, especially, moved to the side. 92
Therefore, in the authors' opinion, plowing with a plow with obligatory skimmers 93
should be done not annually or even periodically, but regularly. An indicator of such 94
regularity should be the value of the coefficient of the upper structure (8-10 cm) of the soil 95
layer, which does not exceed 0.67 [13]. Otherwise, the problems related to loosening or 96
crumbling the soil, clogging of agricultural equipment, etc. should not be solved by 97
plowing, but by other technological methods. 98
In the authors' opinion, of all the reasons for the refusal to use skimmers only one of 99
them is the most significant. Its essence lies in the fact that, according to many 100
practitioners and even some scientists, the use of these working bodies leads to an increase 101
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in the traction resistance of the plow [9,14-16]. At the same time, the data that they 102
obtained cannot be considered as absolutely accurate and reliable. In many cases, these 103
results can only be considered as statements of fact whose pattern of manifestation does 104
not contain any convincing evidence, and therefore requires further consideration and 105
careful analysis. 106

As it turned out, despite the conservatism of the plow design, the interplay of the 107
plowshare and the plowshare of its body with the skimmer is currently very little 108
researched. The main attention in this issue was focused only on the study of the 109
“plowshare with mouldboard — soil” system [17,18]. At the same time, if the skimmers 110
played the role of a physical object of research, it was only towards solving the problem 111
of reducing the pollution of the cultivation equipment [19]. At the same time, the two- 112
level plow was considered as a compromise option. The first attempts to justify the design 113
parameters of the working surface of the skimmer were made in the last century [20]. At 114
the same time, it was noted by the author of this paper that the use of skimmers increases 115
plow traction resistance by 5-8%. At the same time, the internal nature of this fact was not 116
taken into account, and the indicated regularity was by no means confirmed. 117

The paper [16] also presents the results of research on the influence of skimmers on 118
plow traction resistance. However, this study was conducted not by direct measurement, 119
but by theoretical calculations using discrete modelling methods. It was with their help 120
that the authors [14] conducted quite extensive research that aimed at determining the 121
impact of the angles of the working surface of the skimmer on the quality of rotation and 122
movement of the soil medium through it. It is interesting that the depth of tillage with this 123
working body, as in the case of [16], was adjusted in the range of 5-10 cm. An interesting 124
question remains: what is the reason for the need to study the working process of the 125
skimmer at a stroke depth of less than 8 cm? At the same time, it remains unanswered, 126
because in [14] and [16] it is not stated or supported by evidence. In addition, the question 127
of the influence of skimmers on shaping the cross profile of the plowed field surface 128
remains open. Of course, this factor also requires further careful study as it is very 129
important to ensure further high-quality processing of the plowed agricultural 130
background. 131

Research Objective: to determine the impact of skimmers mounted on the plows of 132
cultivating and tractor units on their energy and technological parameters, particularly on 133
traction resistance and the cross profile of the plowed field surface. 134

2. Materials and Methods 135

To achieve this goal, theoretical and experimental research methods were used. The 136
theoretical research was therefore conducted using the basic provisions of the theory of 137
agricultural machinery, theoretical mechanics and higher mathematics. A PC computer 138
with the Mathcad 15.0 software environment was used to calculate the analytical 139
relationships obtained. The graphical interpretation of the calculations obtained is carried 140
out using the Grapher 20 editor. Standard methods were used during field experiments 141
in real plowing conditions. The processing of the obtained experimental data was carried 142
out using statistical methods on a PC using the Statistics programme. 143

The conducted field experimental studies included two series of experiments, each 144
of which was carried out twice. The physical objects of the tests in the first series were 145
plow units seated on a wheeled tillage tractor of traction class 3, KhTZ-16131 brand. Its 146

technical parameters are presented in Table 1. 147
Table 1. Technical specification of the aggregation tractor unit KhTZ-16131 [21,22]. 148
Parameters Markings
Engine power, kW 132
Working mass, kg 8200

Wheel drive 4WD
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Base, mm 2860
Width, mm 2050
Tyres 16.9R38

The tractor was aggregated alternately with plows whose technical parameters are 149

presented in Table 2. These tools were set to a plowing depth of 25 cm. 150
Table 2. Technical specifications of the compared plow models. 151
Parameters Plow model
PLN-5-35 PNB-5-40  PNJA-4-42
Body number 5 5 4
Distance between bodies, mm 925 985 995
Clearance under frame, mm 700 700 700
Body grasp range, cm 35 40 42
Body number 5 5 4
Constructive working width, m 1.75 2.00 1.68
Construction weight, kg 930 950 1050
Number of skimmers (skimmer - S) or (trashboard — T) S T -

During the experimental field tests, the cultivation depth, working width, speed and 152
cross profile of the plowed field surface were recorded for each tractor-cultivation unit 153
combination. 154

A set of recording and measuring equipment was used for this purpose, which is 155
shown in Fig. 1. The technique of using this equipment was successfully tested and 156
described in [23-25]. 157

158

() (d)

Figure 1. Devices for measuring soil moisture: (a) field surface profile; (b) plowing depth; (c) soil 159
density; (d) moisture content. 160
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The physical objects of the second series of the field experiments were two tractor- 161
cultivation units seated on a class 3 tractor KhTZ-16131. The first one included a PLN 5- 162
35 plow equipped with skimmers and a device for recording the traction resistance of the 163
cultivation tool (Fig. 2). The second test tractor-cultivation unit included the same plow, 164
but with remote skimmers. 165

Prior to the field experiments, the moisture content (Fig. 1d) and density (Fig. 1c) of 166
the initial agrotechnical substrate were measured using appropriate instruments, in 167
accordance with the method described in [23-25]. 168

169

Figure 2. PLN-5-35, equipped for traction resistance measurements: 1 - skimmer; 2 - strain gauge 170
frame; 3 - load cell. 171

Based on the obtained experimental data calculated by statistical methods using a 172
PC, the following statistical characteristics of the studied parameters were analysed: mean 173
values and their least significant difference (LSDO05), variances, standard deviations 174
(standards), coefficients of variation, and normalized correlation functions. 175

3. Results and discussion 176

In order to carry out theoretical research, a diagram was built of the interaction forces 177
of the skimmer with the soil layer, as shown in Fig. 3. 178
The authors of the paper believe that, in the process of working movement and 179
interaction with the soil mass on the skimmer with the angle 3 on crushing, the following 180
external forces act: F - total resistance of the soil layer to deformations and G — the weight 181
of the soil layer. 182
The reaction R that occurs simultaneously on the working surface of the skimmer 183
moves a layer of soil with a thickness a, raising it to a height h. 184
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185

Figure 3. Skimmer power circuit during its interaction with the ground layer. 186

Let us present the reaction R in the form of two components. The vertical component 187
Ry of the force R is the response to the weight force G of the soil layer. The horizontal 188
component Rx, which actually overcomes the resistance of the soil environment F, is 189
essentially the traction resistance of the skimmer. According to [5] the force Rx can be 190

found from the following expression: 191
tan(f + @)
Ry=a'b-h-p-g “sinp (1)
where p is the soil density, kg-m=3; b is the width of the deformable soil layer, m; ¢ is the 192
angle of soil friction (in degrees); g is the gravitational acceleration, 9.81 m-s2. 193
If we assume in this expression (1) the following notation: 194
tan(f + ¢)
" ing @
Then the expression (1) will have the following form: 195
R,=ab-h-p-g-k 3)

The analysis of the obtained relationship (3) shows that, with the decrease in the 196
values of parameters a, b, h and o, the value of the traction resistance of the skimmer Rx 197
also decreases, and vice versa. With regard to the coefficient k, this cannot be 198
unequivocally stated. At least because each value of the angle of soil friction ¢ 199
corresponds to such a value of the crushing angle 3 of the skimmer at which the value of 200

the coefficient k is optimal, i.e. the lowest in this case [5]. 201
With this in mind, it is enough to analyse the relationship (2), i.e. k = f(8;¢) to 202
explain the nature of the relationship R, = f (k). 203

Graphs were constructed using a PC that present the dependence of the coefficient k 204
on the crushing angle £ of the skimmer at different values of the angle of soil friction ¢ = 205
(Fig. 4). The graphical interpretation of this dependency indicates that, with the increase 206
of the angle f of soil grinding by the skimmer to a certain value, the value of the 207
coefficient k decreases. What is more, regardless of the angle of soil friction ¢. Another 208
thing is that, for larger values of the latter, the steepness of the decrease (or increase) of = 209
k = f(B; ¢) is more intense. 210
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Coefficient &

2 T 1 T T T 1
10 15 20 25 30 35 40

Soil loosening angle [, grad. 211

Figure 4. Dependence of the coefficient k on the crushing angle 3 of the skimmer at different values 212
of the soil friction angle ¢: 1 —40° 2 - 30°; 3 — 20°. 213

The values of the angle £ (Bopt), at which the value of the coefficient k is the smallest, 214
can be found by taking the first derivative of expression (2). As a result we will have: 215
216

2= fanp + ) — cg®) +1] = 0 @
217
Numerical PC calculations of the expression (4) showed that the ground friction 218
angles ¢ equal to 20, 30 and 40° correspond to the values fSopt equal to 27, 25 and 22°, 219
respectively. 220
With this in mind, a formula is obtained, according to which, with the increase in the 221
value of the crushing angle f to the level of Bop, a decrease in the value of the fopt 222
coefficient should be expected, and thus a decrease in the traction of the skimmer 223
resistance. 224
Conversely, the use of this cultivation set with a grinding angle greater than the fopt 225
level will result in the opposite, and therefore undesirable effect. Moreover, this will occur =~ 226
at any permissible value of the ground friction angle ¢. 227
In the process of conducting experimental research, skimmers with a grinding angle 228
of f=25°were used. The values of the ¢ parameter were not determined in this case. At 229
the same time, with sufficiently low soil moisture at the level of 12.5% in the 0-30 cm layer ~ 230
and density of 1.3 g-cm?, it is highly probable that the value of the ¢ angle is close to the 231
level of 40-45°. 232
With the same plowing depth set to 25 cm, the lowest working speed of movement 233
(2.08 m- s') was that of the agricultural tractor with the largest working width, and the 234
highest speed of movement (2.25 m-s') was that of the machine with the smallest working 235
width, which is a completely logical result. The efficiency indices obtained for cultivating 236
and tractor units equipped with various plows are presented in Table 3. 237
238
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Table 3. Indices of efficiency of the plows compared.

Cultivation unit seated on

Parameter Index
PLN-5-35 PNB-5-40 PNJA-4-42
Working speed Average marking m-s? 2.20 2.08 2.25
Average marking, cm 252 26.0 25.0
Plow depth Dispersion, cm? 3.06 4.12 3.93
(LSDos = 0.31 cm) Standard, + cm 1.75 2.03 1.98
Variability coefficient, % 6.9 7.8 7.9
Average marking, m 1.77 2.02 1.71
Dispersion, cm? 3.1 29 1.9
Width of coverage

Standard, + cm 1.8 1.7 1.4
Standard, % 1.7 0.8 0.8
Dispersion, cm? 4.10 6.80 3.50

Field profile
Standard, + cm 2.02 2.61 1.87

The dispersion of plowing depth fluctuations of experimental tractor-cultivation
units was compared, according to the Cochran criterion [26]. According to the laboratory
and field measurements (Table 3), the actual value of this indicator is Gf = 0.37, and the
tabular value Gt = 0.43. Since in this case Gt < Gt, the null hypothesis about the equality of
the compared dispersion of plowing depth fluctuations in the compared plows at the
statistical significance level of 0.05 is not rejected.

According to the one-way analysis of variance, the actual value of Fisher's F criterion
(F=5.19) for the compared average plowing depths with three plows turned out to be
greater than the tabular value (F=3.03). This means that the null hypothesis that these
statistical indicators belong to the same general sample is rejected. According to the
indicator LSD05 = 0.31 (Table 3), it is no coincidence that the average depth of plowing
with the PNB-5-40 plow is greater than for the other PLN-5-35 and PNJA-4-42 plows. At
the same time, it is problematic to establish the correctness of this fact. The probable
reason for its occurrence is the inaccuracy of setting the specified plowing depth on the
plow PNB-5-40 at the level of 25 cm.

When comparing the dispersion of fluctuations in the working width of the
compared plowing units, the actual value of the Cochran criterion is Gt = 0.39, and the
tabular value Gt = 0.46. Since Gt < G, the null hypothesis about the equality of the
compared dispersion of plowing depth fluctuations in the compared plows at the
statistical significance level of 0.05 is not rejected. In practice, this means that, at different
working widths of the three agricultural tractors, the values of the variations of this
operating parameter do not differ from each other. They represent the same general
population with 95% certainty.

When assessing the statistical characteristics of the cross-profile of the field surface
after plowing, the actual value of the Cochran criterion is Gt = 0.47, and the tabular G: =
0.42. Since in this case Gt > G, the null hypothesis about the equality of the compared
variances at the statistical significance level of 0.05 is rejected.

The obtained statistical characteristics are heterogeneous. In this case, the following
regularities were found. The dispersion of field surface profile fluctuations after plowing
with PLN-5-35 and PNJA-4-42 plows are homogeneous. According to the actual value of
Fisher's F-test (Fr = 1.17), which is less than its tabular value (Ft = 1.60), both of these
statistical characteristics represent the same general population.

The dispersion of fluctuations in the field surface profile after the passage of an
agricultural unit equipped with the PNB-5-40 plow (6.8 cm?) is much greater than in the
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case of the other two plows. This result is supported by a comparison of actual and tabular 274
values 275

Fisher's F criterion. Namely, for the pair of plows PNB-5-40 and PLN 5-35: 276
F=1.66>F=1.60. For the plow pair PNB-5-40 and PNYJA-4-42, the difference is even 277
greater: F=1.86>F=1.60. Hence the conclusion that the use of a plow with skimmers 278
instead of skimmers alone leads to an undesirable increase in the oscillation amplitude of 279
the cross profile of the surface of the cultivated (plowed) field. 280

Now, regarding the intrinsic (frequency) nature of this process. The analysis of 281
normalized correlation functions shows that the correlation (abscissa of the intersection of 282
curves 1, 2 and 3 of the zero mark) between the ordinates of the field profile after each of 283
the three cultivating machine-tractor units has passed, disappears quite quickly, after 0.2 284

m (Fig. 4). 285
1
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Figure 5. Normalized oscillation correlation functions of the cross profile of the field surface after 287
plowing treatment: 1 - PND-5-40; 2 - PLN -5-35; 3 - PNJA-4-42. 288

The oscillatory nature of processes 2 and 3 is approximately the same. Both contain 289
hidden periodic components whose generators are rather problematic to determine. Most 290
likely, they result from the uneven structure of the structure of the cultivated soil 291
environment. 292

The normalized correlation function of the fluctuations of the ordinates of the field 293
surface profile after plowing with the PND-5-40 plow (curve 1, Fig. 5) is characterized by = 294
the presence of a more distinct periodic component. Moreover, both in terms of amplitude 295
(which is confirmed by the above dispersion analysis) and period whose generator is also 296
quite difficult to detect. It cannot be ruled out that the skimmers mounted on the PND-5- 297
40 plow instead of standalone skimmers played a role in this. 298

The research of the influence of skimmers on the traction resistance of the PLN-5-35 299
plow showed the following: the average value of the plowing depth using the tool with 300
skimmers turned out to be greater than in the variant without them. Despite the small 301
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value of the obtained difference (0.8 cm), it is statistically significant, as it exceeds LSD05
= 0.6 cm (Table 4). At the same time, the experimental data obtained are not sufficient to
consider this fact natural. In order to finally confirm this regularity and explain its nature,
it is necessary to conduct a series of special experiments.

Table 4. Efficiency indices of the PLN-5-35 plow with skimmers and without.

Parameter

Plow model

Index

with skimmers without skimmers

Working speed: Average marking , m-s-! 2.30 2.10
Average marking , cm 259 25.1

Plow depth Dispersion, cm? 3.65 5.29
(LSDos = 0.6 cm) Standard, + cm 1.91 2.30
Variability coefficient, % 7.4 9.2

Average marking , cm 176 177
Width of coverage Dispersion, cm? 3.6 3.4
(LSDos = 0.05 m) Standard, + cm 1.9 1.8
Variability coefficient , % 1.1 1.1

. ) Dispersion, cm? 6.48 19.60

Field profile

Standard, + cm 2.55 443

Average marking , kN 32.00 33.10

Traction resistance Dispersion, kN2 2.82 3.65
(LSDos = 0.27 kN) Standard, + kN 1.68 1.91
Variability coefficient, % 53 5.8

The difference between the dispersion of plowing depth fluctuations with the PLN-
5-35 plow with and without skimmers is also significant. According to the Fisher's F-
criterion, its actual value Fr = 1.45 is greater than the tabular F: = 1.39. It follows that the
use of skimmers provides a smaller dispersion of plowing depth fluctuations compared
to the option without these working bodies.

The explanation of this result is as follows. According to their purpose, the skimmers
move the damaged layer of soil to the bottom of the furrow. At the same time, the main
bodies of the plow move the lower layer of the soil in place of the upper one. Due to its
structure, this layer contains practically no soil lumps (soil aggregates with a diameter of
more than 1 cm). Most agriculturally valuable soil aggregates on the surface of the field
cause a significant reduction in the dispersion of fluctuations in its cross profile. This
process, by its nature, is not very variable [26] because the value of the variation coefficient
of plowing depth fluctuations with the PLN-5-35 plow with skimmers does not exceed
10% (Table 4).

As results from the analysis of the data contained in Table 4, the null hypothesis
about the equality of average values of the PLN-5-35plow width with and without
skimmers is not rejected. The actual difference of this parameter is 0.01 m, which is 5 times
less than the LSDO05, i.e. 0.05 m.

The situation is similar with the dispersion of fluctuations in the working width of
the compared cultivation units because the actual value of the Fisher's F- criterion (Ft =
1.06) is much smaller than the tabular Ft = 1.86. In principle, the obtained result is logical
because the correct installation of skimmers on the plow does not create (and should not
create) premises to change its width. A smaller dispersion of plowing depth fluctuations
with a plow with skimmers is a direct premise for shaping a better cross profile of the
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field. In this case, the dispersion of the parameter itself (6.48 cm?, Table 4) is much smaller 331
than the spread (19.60 cm?) of the dispersion of the field profile after its treatment with the 332
same plow with remote skimmers. 333

The null hypothesis that these variances belong to the same general sample is 334
unequivocally rejected because the actual value of the Fisher's F-test (Ft = 3.0) is much 335
larger than the tabular value (F: = 1.39). This null hypothesis is also confirmed at a 336
significance level of 0.01, as in this case the tabular value of the Fisher's F test is 1.59. 337

If the dispersion represents the amplitude of oscillations of the field profile ordinates, 338
then the correlation function is their frequency (periodicity) [27]. The analysis of these 339
characteristics shows that the fluctuations of the cross-field profile after the passage of the 340
PLN-5-35 plow with skimmers (curve 1, Fig. 6) are of a lower frequency (more even) 341
compared to the profile fluctuations that are generated by the same plow without 342
skimmers (curve 2, Fig. 6). 343

This is evidenced by the different values of the correlation lengths of the compared 344
normalized correlation functions. Thus, for curve 1, as an expression of a lower frequency 345
process, this length is almost 0.9 m, while for curve 2, this figure does not exceed 0.2 m. 346
Moreover, the fluctuation nature of the normalized correlation function 2 indicates the 347
presence of a component with a period of about 1.7 m. — and this practically coincides 348
with the plow width of the PLN-5-35 plow with remote skimmers (1.77 m, Table 4). 349

As shown by experimental data, the lack of these working bodies does not lead toan 350
increase in the traction resistance of the plow, which is presented in [10,14]. On the 351
contrary, its average value decreases by 1.1 kN (Table 4). And this result is statistically 352
significant because it is greater than LSD05 = 0.27 kN. 353
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Figure 6. Normalized oscillation correlation functions of the field cross-section after its treatment 355
with the PLN-5-35 plow with skimmers (1) and without them (2). 356

In addition, the decrease in traction resistance of a plow with skimmers is, in our 357
opinion, a natural phenomenon. Let us consider it in more detail. From the point of view 358
of the impact on the soil, the skimmer works identically to the triangular wedge. As 359
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emphasized in [10,13], if B+¢>90°, the wedge pressure on the ground acts horizontally. In 360
this case, the soil environment is constantly subjected to shearing deformation. 361

For the skimmers that were used in our experimental research, the value of the 362
grinding angle was [3 = 25°. Even assuming the maximum value of the ground friction 363
angle at 45°, we obtain the result that 3+@=70°<90°. In such conditions, the impact force 364
of the wedge on the ground deviates from the horizontal position upwards by the angle 365
of [90 — (B+¢)] (see Fig. 3). 366

This causes deformation of the soil environment not by shearing, but by separation, 367
which requires less energy to implement [13]. As a result, it is this fact that is the basis for 368
the regularity, according to which properly selected and installed skimmers naturally 369
contribute to reducing the traction resistance of the plow. At worst, they do not increase 370
it. 371

The distributions of fluctuations in the traction resistance of the plow with skimmers 372
and without are homogeneous (Table 4). This is confirmed by the fact that, according to 373
the Fisher's F- test, the null hypothesis of their equality at the statistical significance level 374
of 0.05 is not rejected. According to experimental studies, the actual value of this indicator 375
Ft=1.29 is less than the tabulated F:=1.39. The internal character (periodic nature) of the 376
fluctuations of the traction resistance of the plow with and without skimmers is also 377
practically homogeneous. This statement can be confirmed by the course of normalized 378
correlation functions of this process (Fig. 7). 379
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Figure 7. Normalized oscillation correlation functions of traction. Plowing resistance of the PLN-5- 381
35 plow with skimmers (1) and without them (2). 382

As can be seen from the analysis of Fig. 7, curve 2 shows a process with a slightly 383
higher frequency than curve 1. At the same time, for sufficiently small values of the 384
variance of the plow traction resistance fluctuations and their insignificant difference, the 385
difference in character of the course of the compared normalized correlation functions can 386
be neglected. This statement is supported by the appropriate values of correlation 387
coefficients (Table 4), the level of which does not exceed 6%. 388



Energies 2022, 15, x FOR PEER REVIEW 13 of 15

As a result, the above analysis clearly shows that the use of skimmers allows to 389
reduce the spread and frequency of vibrations of the transverse profile of the plowed field 390
surface, while reducing the traction resistance of the plow. Considering the role of these 391
working bodies in the preservation and restoration of the soil structure, one must agree 392
with the basic requirement of systematic plowing with a plow with skimmers necessarily 393

installed. 394
3. Conclusions 395
On the basis of the research carried out, it was found that: 396

e It was established in the theoretical research that, with the increase of the soil 397
grinding angle (3 by the skimmer to the optimal level Bopt, a decrease in its traction 398
resistance Rx should be expected. On the other hand, the use of this cultivating set 399
with the grinding angle [ greater than the optimal level Popt will contribute to 400
obtaining the opposite result for any permissible value of the soil friction angle Bopt; 401

e  Using cultivation units with skimmers, skimmers or second row bodies ensures even 402
distribution of dispersion in the plowing depth. According to the Cochran's G-test, 403
the null hypothesis of the equality of these statistical parameters at the statistical 404
significance level of 0.05 is not rejected. The use of a plow without skimmers mounted 405
on it leads to a regular and significant increase in the dispersion of the plowing depth 406

fluctuations; 407
e  The dispersion of fluctuation in the plow grip width is practically independent of its 408
design, due to the presence of skimmers, second-row skimmers or other bodies; 409

e  Plowing the soil with a plow equipped with skimmers instead of using second-row 410
skimmers or bodies causes a significant increase in the dispersion of fluctuations in 411
the cross-section of the field. The normalized correlation function of this process is 412
characterized by the presence of a noticeably marked periodic component. When 413
using a plow without skimmers, the period of this component practically 414
corresponds to the working width of the tillage tool; 415

e  The use of skimmers with a grinding angle of 25° results in deformation of the soil 416
environment in the form of stratification, not shearing. As a result, it ensures a 417
statistically significant and regular decrease in the traction resistance of the plow. For 418
the cultivation tool PLN-5-35 in experimental conditions, this decrease was 1.1 kN, 419
or 3.3%. 420
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