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FEATURES OF THE CALCULATION OF THE SPRING ELEMENT OF THE REGULATOR OF THE ANGLE OF ATTACK OF THE CULTIVATOR PAW

On the basis of theoretical studies, an improvement in the construction of the attachment of the working body to cultivator paws is offered. The procedure for calculating the spring element of the regulating and safety device for cultivator paws is presented. The introduction and use of the offered device will increase the uniformity of the stroke of the working organ, and consequently improve the quality of soil cultivation.
Keywords: improvement of design, control, safety, spring element soil quality.

Statement of the problem. Prepare the soil before planting and establishment of a water-air regime is an important process to ensure agronomic requirements for cultivation of crops. This manufacturing process is aimed at creating optimal conditions for plant development. Especially important in this regard is to create a working body mount design for shallow tillage while ensuring uniformity and stability of the movement of working body at a given depth – the main purpose of the study.
Setting objectives. We tasked to ensure the stability of the course of the working body and improve soil uniformity while preventing the destruction of workers regardless of soil properties. This can be achieved through improving the system of fixing the cultivator shanks, namely hardware device adjusting their angle of attack with the function of preventing the failure of the cultivator in complex interactions with other working bodies mounted on the unit.
Analysis of the research question. Machines which perform the superficial tillage should ensure: soil structure necessary to prepare the surface layer before planting, to improve water and air regime, which in turn significantly affect the level of biological crop [1].

Results of research conducted by scientists working on the design of the soil tillage, based on improving the work of geometry, dynamics of movement and quality of the process.
Issues theoretical justification workflow interaction with soil working body involved: P. Hilsteyn, 
V. Dubrovin, L. Vorobiov, I. Panov, G. Sineokov, P. Korotkevich, A. Osadchy, A. Kostrytsyn, A. Kushnarev, 
L. Badytsky, Y. Gukov, O. Belokopytov, V. Paschenko, I. Ignatenko, K. Babiy, V. Vetohin, V. Kovbasa, V. Salo, V. Melnik others. 

The study process fluctuations in working bodies involved: P Burchenko, P. Vasilenko, A. Vilde, 
K. Zhukevych, P. Kotov, V. Uskov, N. Krasnoscekov, A. Riabtsev, V. Morhachev, E. Kondratiev, L. Lurie, 
V. Shumaiev, A. Solde and other.
Among the considered analogs of work, which was asked to address the issue of uneven cultivators paws revealed a number of shortcomings that significantly affect the stability of the course work.

The main disadvantage of regulators working position is a low ability to work under pulsating dynamic loads which in turn leads to a change in the angle of entry of the working body in the ground, and violation of the stability of the course for a given depth. The disadvantages of the regulator mounting angle of attack and working bodies Cultivator include no elements that prevent destruction of working under considerable increase soil resistivity [2].
Statement of the material. During forward movement cultivator’s paw, which is equipped with a regulator of angle of attack of the safety device deforms-ground in a vertical plane. At the same time the ground is deformed in cross-vertical plane. The magnitude of these deformations depends generally on the physical and mechanical properties of the soil. [3]
In justification of force interactions chunks of dirt on the working surface paws made the following assumptions: the soil is homogeneous medium whose weight is concentrated at one point (O). The scheme forces acting on the cultivator leg shown in picture 1.

[image: image1]
Pic. 1. Scheme of the forces on the leg Cultivator
On the paw during its motion with velocity v are forces, ground resistance R; the weight of the soil environment (chunks) G; FT friction; adhesion (sticking) Fa N. After the reaction through the point O (pic. 1) coordinate system Howe and projecting  force on the X axis and R Fa obtain:
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where α – the initial angle cultivators paws, φ – angle of friction, and А – specific strength adhesion (stickiness), Sa – area of ​​contact with the work surface Cultivator legs.
Cultivator paw placed on the riser which is equipped with a regulator of angle of attack (pic. 2). Calculated force acting in a spring safety device controller angle of attack (4) cultivators paws (3) of [4].
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where c – spring stiffness, l0 – moving spring, d – wire diameter springs, r – radius of the coil spring.

[image: image5]
Pic. 2. Cultivators paw of a safety device
1 – frame; 2 – risers; 3 – paw; 4 – control the angle of attack.

Spring safety device will not deform under the condition that:
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 - dynamic (working) load on the leg; 
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 - the distance from point B to power 
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; 
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 - the distance from point B to power
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Calculated force acting on spring safety device controller angle is:
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The diameter of the wire spring is determined by the formula [5]:
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where 
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- the index of springs; 
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- correction factor (for selected tables); 
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 - allowable stress in torsion coils spring.

Substituting (1) into (2) we get:
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The required number of turns spring safety device in this case is:
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where 
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- working deformation of the spring safety device, the value is taken from structural considerations; G 
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 0,384E - shear modulus; E - modulus of elasticity of the material of the spring.

The total length of the spring is given by:
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where 
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- the total number of coils springs; 
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- the total length of the spring; 
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- working length of the spring; t - step unloaded springs; 
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- the gap between the turns of the spring.
With the determination of the optimal value is the ability to pick-dimensional characteristics spring safety device controller angle of attack cultivator’s paws.
However, selecting the installation location of 
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 safety device (and distance) can determine the total length of the spring. From its length will depend on all the other geometric parameters of the safety device that is attached to the riser legs.

Thus, calculations of construction will develop a safety device for a patent for utility model UA 114,778 (IPC A01V 35/00) [6].
Conclusion. The calculations and dependences allow to optimize the installation of a safety device on the riser cultivators paws and geometric and stiffness parameters of the spring element.
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