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The article presents an analysis of existing technologies, machinery construction and working parts for pre-treatment of the soil; expediency of terraced cultivation technologies in the Forest-Steppe zone of Ukraine; we identified promising areas of improvement tillers. For the offered technical solutions of vertical milling adapter we determined optimal performance of the kinematic mode and the number of work items, which guarantees evenness of tillage. The introduction of vertical milling adapter of offered design with reasonable parameters provides a high quality and uniformity of treatment of the working area, effectively loosening the soil, leveling the profile of the bottom of the furrow and the treated surface with rational energy intensity and efficiency of the process.
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Statement of the problem. Experience in developed countries indicates that the introduction of innovative technologies and improved technology in agriculture is the key to a highly efficient and profitable production process.
Agricultural producers in choosing the technology cultivation are guided by economic expediency and competitiveness of organic crop production.

An important driving force in improving the efficiency of agriculture is to improve cultivation techniques.

Variety of minimum tillage when growing crops is a way to direct seeding, followed by reduction of energy consumption is achieved while preparing the soil and planting crops, local soil preparation band-band method to a depth of planting without soil aisle. Reducing the cost of crop production is possible failure of the use of outdated energy-intensive technologies and facilities. This necessitates the improvement of means of cultivation.

Analysis of recent research and publications. Scholar V. P. Horyachkin laid the foundation of the results of studies of the interaction of working with soil by agricultural mechanics [7]. In his writings scientist notes that the use of rotary working for cultivation is promising. Methods for designing rotational working organs have developed and improved over time, G. N. Synieokov, F. M. Kanarov, Y. I. Matiashyn, I. Panov [19, 9, 14, 16]. Theoretical Mechanics and technological bases of cultivation set A. Kushnarev, V. I. Vietohin [12, 4].
Currently used rotary bodies working on modern machines that perform a single pass some manufacturing operations and satisfy agrotechnical requirements of energy saving, efficiency and quality of the process [3, 6, 10, 15, 18]. The choice of preplant tillage done on the basis of research results A. Kushnarev, who uses the term «tillage», «optimal density and equilibrium», «yield», «humus», «arable horizon» [13].

Integral measure is density of the soil, and in terms of «equilibrium density» and «optimal density» we can determine the method and depth of tillage. There is a steady pattern between density of soil and yield of crops. 
Increasing the optimum density (1,1–1,25 g/cm3) soil 0,1–0,3 g/cm3 reduces the yield of 20–40 % [12, 13].

Soils of Ukraine of equilibrium distribution of density in the plow horizon soil depth through peer review are divided into four types: type of soil and up – 19 %; soil type II – 49,9 %; III soils – 20,7 %; IV soils – 10,4 % [13].

The real fuel savings can be achieved in the development of zero tillage (No-Till Technology) on the areas of type II distribution density. Fuel economy on such soils is 18–20 kg/ha. The development of technology minimal (surface) on ground areas of Type III density distribution will save fuel 8–12 kg/ha [2, 24].

Thus, based on the results of soil studies of professor A. Kushnarev and climate of Steppe zone of Ukraine, we can say that the development and implementation of zero technologies and minimum tillage are promising for our region.

One kind of minimal processing method is direct planting, which can achieve reduction in energy costs when preparing the soil and planting crops cultivated local soil preparation band-band method to a depth of planting without soil aisle. This cultivation is called band-band (Strip-till), energy-intensive operation that excludes one-, two-time continuous cultivation. When using known technology band-band soil – soil preparation is conducted in width 6–8 cm, and the spacing is not processed. The treated strip is sown and sealing specialized by rollers. For cereals crop known tape width of 5–6 cm. Quality of soil preparation and seeding band-band method provide a more even distribution of seed and depth of cover small-lumpy soil compared with direct seeding No-till technology. Application of this method of planting allows significantly reduce overall agronomic terms of processing and possess [2, 17, 24].

A. P. Spirin [21] gave formulas for energy of saving tillage techniques. For example, for comparison of different methods of treatment it is advisable to use specific energy consumption, calculated by the formula:

E = 104 ksr ∙ α,                                                                                 (1)

where ksr – the average soil resistivity per unit cross section processed layer; α – the depth of the treated layer.

We established that the energy consumption for processing ground band-band method depending on the width between rows is approximately 9–15 % of continuous processing. Bandpass cultivation becomes widespread, due to the fact that most regions of the country is characterized by an acute shortage of water and the use of this method of planting is one of the effective measures of accumulation and savings [18].

The principles of creation of combined units for growing crops based on passive work of famous works by 
P. Burchenko, A. A. Vilde and others [3, 6]. Today there is a base of theoretical and experimental studies, which allows you to continue improving design and process parameters of working for preplant tillage.

The analysis of known instruments for preplant tillage, found that active working bodies with vertical rotation axis milling provide quality of soil, which allows it to keep longer optimal structure. This is done grinding plant remnants and their fair distribution of root layer of soil, which positively affects the power mode crops [1, 18].

To ensure optimal conditions of cultivated crops, it is necessary to develop technical means that would combine the advantages of energy saving technologies. Promising research is developing to improve the design of universal milling working body with a vertical axis of rotation, conducted in the NSC «IMESH» A. L. Kyrychenko, led by M. P. Bilotkach [11].

So, promising is the research work and improving the design of the router adapter for preplant tillage for saving technologies.

The purpose and objectives of research. The investigation is aimed:
- to analyze scientific and technical information of known technologies and designs machines for preplant tillage;

- to develop the design of documentation and produce a prototype of vertical milling adapter;

- to perform the selection, validation and calibration of instrumentation for research;

- to develop a method of determination of the influential factors and the optimal values of the quality of the router adapter.

The purpose of the article – the research process of preplant tillage router adapter of design, definitions depending on the quality of cultivation structural and technological parameters of working body.

Development of the construction router adapter band cultivation. The basis of theoretical studies put kinematic analysis of the technical solution offered by the router adapter of semigraphical build dependencies for determining operability design and optimization of structural and technological parameters.

Vertical milling adapter for use in resource-saving technologies – band-band processing ground (Strip-till), which includes a set of processing operations strip fields (mostly stubble backgrounds), which carried out: seed crops with simultaneous application of fertilizers and chemicals. The advantages of the technology is the economic feasibility by reducing energy and fuel costs; decrease erosion effects and preservation of soil fertility in comparison with traditional cultivation; improving conditions for the development of crops compared with zero tillage. Taking into account soil and climatic conditions of regional distribution for band technology in Ukraine is promising. But constrained by the lack of complex machines that would adequately meet the energy and agro-technical requirements. To reduce fuel costs and reduce the negative impact of sealing systems running energy resources on soil fertility appropriate to simultaneously strip tillage sowing of crops, which increases the quality requirements for cultivation. To meet these needs we focused our research.

Vertical milling working body for cultivation band includes a vertical drive shafts or strongly inclined axis of rotation, which is mounted external and internal drives, which through hydraulic motor or gearbox PTO granted a compulsory rotational movement in opposite directions. The outer disc cutting elements with active angle of attack within α1 = 1–35o and external sharpening the cutting edge, and the inner disc cutting elements of passive angle of attack within α2 = 1–35o and internal sharpening of the cutting edge [21].

Length cutting elements matched with the ability to perform cultivation at the same depth, which is determined by biological characteristics of root crops. The outer disk set from two to eight cutting elements, and the internal – from two to five. Used cutting elements alternating and direct-section along the length and angle of twist β = 3–15o. The angle of the axis of vertical milling working body can change in the vertical longitudinal plane within 1–20o [1, 5].

Materials and methods of research. The process tillage router adapter according to the technical solution is characterized by a complex movement of the working elements. Each work item in interaction with the soil creates a zone of loosening. If an insufficient number of work items appear raw areas, while increasing their number increased energy consumption for processing. In this regard, the right choice and rational justification for the number of work items is a prerequisite for its work [5].
Experimental studies were conducted in accordance with the methodology developed on the basis of regulations and recommendations for testing rotary tillage tools, known from the scientific and technical sources. 
Duration and terms are determined gain research 46.16.02.16 «Agricultural engineering. Duration and agro-line testing».
Laboratory and field studies were conducted on the basis of JMA 74.3-37-155: 2004. «Testing of agricultural machinery. Machines and tools for cultivation». Before the studies we defined test conditions according to GOST 20915 «farm equipment. Methods for determining the test conditions». Soil type its name on aggregate composition of the soil map defined sector [20].

Soil Moisture and density determined prior to the study by the standard method and using technical solutions to device and method of soil sampling [8, 22]. The samples were weighed on scales laboratory VLTK-500 with an accuracy of 0.01 g (GOST 24104 «Laboratory. General technical requirements».)

The hardness of the soil was determined for accounting areas in places of determining soil moisture Solid of Reviakin under ISO 5092: 2008 "»Quality of soil. Determination of soil hardness of Reviakin».
For the experimental research performance of the router adapter in the field we developed a pilot plant. Set includes two adapters that can objectively assess the quality of the router adapter.

Pilot plant includes a carrier frame on which is mounted hydraulic motor. For mounting bearings installed vertical milling adapters. Twisted moment on adapters transmitted from the hydraulic motor via a belt drive, which includes driving and driven pulleys, pulley and toothed belt.

On the frame is set beam, which is for determined pilot plant. From the hydraulic system with nominal pressure of 16 MPa tractor through pipes to hydraulic lodged a working fluid, the adapters actuated rotary motion. The depth of the governed go adapters support wheel.

According to the experimental research program provided for these control parameters of the unit: angular velocity drive adapter forward speed unit pilot plant installed on beam. It was chosen and installed the equipment.

Pilot plant made of adjustable values ​​of angular velocity drive adapter according to the conditions of studies on hydraulic adjusting valve installed that modifies the pressure of the working fluid. In order to determine the optimum parameters of the angle of attack of internal and external cutting elements, changed its meaning.

Research in the field involved the installation of block and pilot plant with a power tool and install the instruments to monitor its performance.

Control unit carried forward speed using length measures set of wheels on it cymometer inductive sensor D4V-1, which stands for was attached tractor. A calibration factor - 9, the number of spokes length measures wheel. Sensor calibration passed. Reception and recording signal performed information-measuring system based on tensor power «SPIDER-8» with software CatMan Express 4.5 for the PC and the data stored in the format «*.xls» and defined targets simultaneously.

To determine the relationship of adjustable parameters router adapter with quality indicators tillage was drafted central composite plan of order.

The use of «Spider-8» and allow the experiment optimal plan to execute experimental research in one day, with minimal cost and labor time adjusting parameters studied experimental setup, with the exception of the impact of changes in test conditions on research results.

Setting up pilot plant were held in pre-reasonable limits, namely the angle of attack of the cutting element α = 0–30 0 degrees; angular velocity of rotation of the drive - ω = 50–150 min-1; forward speed unit – V = 1,7–2,8 m/s.

Before each stop adapters given a rotary motion to enter the set-up of the experiment mentioned angular velocity that controlled via cymometer sensor D4V-1. The results of exploratory studies have found that significant changes in terms of quality of processing by varying this indicator within the prescribed limits were recorded at three levels significance because checkpoints angular velocity, the following values: 50 min-1, 100 min-1, 150 min-1.

According to theoretical studies on optimal kinematic mode rotary bodies changed forward speed unit levels: 1,7 m/s, 2,22 m/s, 2,8 m/s.

Controlled forward speed using length measures wheels according to the methodology described in RD.10.4.1 «Testing of agricultural machinery. Machines and tools for deep tillage. Program and test methods».
Sequence of experience. After setting the values of adjustable parameters according to the plan of the experiment, adapters let down and plunged into the soil at a working depth (8–12 cm). Further rotary machine with in-depth way passes by some 7–10 meters before the processing of test sites. It was necessary to enter the engine and the pilot plant for sustainable operation. This period corresponded to the value of the smallest correlation value signals recorded information and metering system «Spider-8».

Saltwater bottom groove after treatment was determined by height between two adjacent crests in the footsteps of the working bodies. Measurements were conducted at 5 locations along the length of a number of intervals of 0,5 m in width all the settings in a threefold repetition (two in the course of the unit, two – in the opposite direction). For this shot loosened soil, the width and number of surface overlaps rail line and measured the distance from the bottom to the groove bottom side rails.

Determination of the crushing soil. Selected after 1,5 hours samples of soil at the depth of processing of accounting plot of 0,25 m2 in quadruple repetition. Selected samples sift through a set of sieves that are placed in order of decreasing diameter holes. Then gently oscillatory movements sifter soil through sieves to the respective factions. The contents of each sieve dared, with an accuracy of ± 20 g.
Content erosion-hazardous particles in the layer 0–5 cm determined by measuring three areas account for and following installation. This shovel takes away sample weighing 2,5–3,0 kg. Samples were brought to dry air state sift through a sieve with holes of 1 mm diameter and weighed. The results of measurements and calculations of mass particles erosion-hazardous soil fractions recorded in the statement. The density of the soil after treatment was determined by standard methods.

Research results. To establish optimal structural and technological parameters of the router adapter we made research methodology described above with the following statistical processing of results and analysis of the dependencies. The analysis of scientific and technical sources and theoretical studies formed the basis for determining the parameters of influential factors router and adapter level of variation. We decided on the quality indicators that are most important in preplant tillage. In the matrix of planning included experiments within: forward speed 1,67–2,78 m/s; the angular velocity of 50–150 min-1, the angle of 0–30 degrees. The resulting quality tillage, density 0,6–1,6 g/cm3; fractional composition of soil 56,7–74,6 %; bottom groove profile 4,0–20 mm. Based on the experimental data we make up the regression equation. The regression equation composed for each dependent variable are below:
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The results of research were compiled regression equation, which can determine the optimum parameters of ground adapter. In equation coefficients significance was determined by Student's test, and the adequacy of the equation was checked by the criterion of Fisher. With regression exclude significant factors and not by specified mathematical model building surface response.

Soil density dependence of the angular and translational velocities is shown in pic. 1.
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Pic. 1. Dependence of density of soil angular and translational velocities
Pic. 1 shows that the optimum soil density achieved at high angular velocity and the average forward speed.

Most of the fractional composition affects the angle of work items and forward speed. To assess the impact of the interaction angle and forward speed on the fractional composition we build response surface (pic. 2).
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Pic. 2. Dependence of  fractional composition of soil angular and translational velocities
Pic. 2 shows that the most optimal content fractions (1–10 mm) diameter observed at high angle – 100–120 min-1 and the average forward speed – 2,0–2,2 m/s.

We perform a similar analysis for regression to determine the profile of the bottom groove (U3).

To assess the impact of the interaction angle of the working elements and the angular velocity profile at the bottom of the furrow building response surface (pic. 3).
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Pic 3. The dependence profile of the bottom groove angle of the working elements and the angular velocity
From pic. 3 it is evidently, that the deviation from equal bottom groove profile observed with increasing angular velocity.

The analysis of the significance of influential factors determines the final form of regression equations for the studied quality. To optimize structural and process parameters adapter wonder conditions for finding the optimal mode and make up the system:
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Solving the system of equations (8), we find the best value factors: forward speed – V = X1 = 2,1–2,3 m/s; angular velocity – ω = X2 = 65–120 min-1; the angle – β = X3 = 10–14o at which the Pre-tillage router adapter will be made in accordance with agronomic requirements.

Conclusions. According to this goal:
1. The analysis of known technologies and designs of machines and workers for preplant tillage and chosen field of research.

2. Confirmed the need for improving the design and improvement options routers work of the band for preplant tillage.

3. Determined developed technical solution kinematic indicator of the router adapter that ensures uniform Pre-feasibility conduct strip tillage. It is established that the use of kinematic parameter λ = 1,1–2, the optimal number of work items on the external drive is 2–8 pcs., inside 2–5.

4. We substantiated influential factors at work vertically – milling adapter: translational and angular velocity, the angle of installation work and optimal quality of the process: density in the treated soil layer, fractional composition of soil and surface profile of the resulting field.

5. Indices influential factors obtained by the method developed in accordance with the regulations and planning matrix experiments.

6. Optimization of structural and technological parameters of the router adapter, which respectively are significant limits: forward speed 2,1–2,3 m/s, the angular velocity of 65–120 min-1, the angle of installation work items 10o–14o.

The offered router adapter is designed for cultivation band for saving technologies provide uniformity cultivation work area; effective loosening soil, mulching of vegetable residues and their mutual mixing; aligned profile groove bottom and surface finish; motion stability tractor unit and reduce energy consumption of process ground.
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