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Antczak A.
DESIGN AND CONSTRUCTION OF THE NEW ULTRALIGHT SAILPLANE
          In the Students’ Aviation Association at Faculty of Power and Aeronautical Engineering we are going to build a new ultralight sailplane. The main requirement in the designing process is to create a construction with an empty weight less than 80 kg – a European standard for ultralight gliders. The new sailplane has to meet requirements of safety, for instance fatique or crash tests.
In Europe there are at least two successful ultralight sailplanes. One created in Switzerland called “Archaeopteryx” and another one from Poland called “Axel”. Basing on their case studies and experience, it is easier for the construction team to design new components. Nevertheless, the most important fact for the team is that they show possibility of such strict restrictions being fulfilled.

The project raises a lot of educational aspects. While designing, the team has to remember about weight restrictions, cost of the materials, and about elements’ fabrication. It is necessary to develop safe, cheap and light parts at the same time. Results in many problems were got and great deal of knowledge was gained.

Kobuszewski M.
TECHNOLOGY OF VIRTUAL REALITY AND POSSIBILITY OF ITS INNOVATIVE  IMPLEMENTATION IN FLIGHT SIMULATORS
         Flight simulators have been a subject of interests for members of Aviation Student's Association for a considerable amount of time. Since the first step in the process of the construction of two machines: the sailplane simulator - “Pirat” and the Cessna simulator, we have always looked for the ways to implement the innovative solutions into our ideas and to create a fresh look at it.
         As young adepts of the engineering art, we have been completely aware of all the disadvantages that are connected with the standard, typically seen in the current market concepts of flight simulators. The major one: the fact of the large amount of space that always needs to be devoted for the system of visualization – for all the screens or the curved surfaces, connected with the careful observation of the modern trends in technology, its development and the potential that putting it into practice it creates, gave us an innovative idea of replacing the old screening system with the new concept of visualization of the simulation.
         The study will present the brave suggestion of using the technology of virtual reality as a solution for the problems of visualization if flight simulators. The planned procedure of integration those elements with the rest of the simulator system will be proposed and explained. The presentation will touch all the obstacles that are going to be met during the attempt of implementing described idea into practice and the studies that students are going to take to obtain the proper solutions will be shown.                                              
            Generally speaking the study will descibe the historical attempts of using the virtual reality in the simulators, with the special focus on the flight simulators, and the possibility of implementing that fascinating technology in the modern market with the consideration of  its financial, hardware and software requirements.
Sekuła A.
UAV CHALLENGE MEDICAL EXPRESS. CHALENGES AND OPORTUNITIES FOR MELAVIO AVIONICS CLUB
           MelAvio Avionics Club was established in 2003 at Faculty of Power and Aeronautical Engineering. Since the beginning it focused on Unmanned Aerial Vehicles (UAVs), avionics and automatic manoeuvring.
          In 2014 members of MelAvio Club participated in UAV Outback Challenge competition held in Queensland, Australia. The aim of the Challenge was to autonomously locate a dummy, called Joe, and accurately deliver an emergency package to him adhering to strict regulations regarding UAV operation safety, airspace and radio frequency management. MelAvio Club, the only team from Poland, classified to the final stage and placed as 10th.
           The presentation is about the preparations of the MelAvio team for the upcoming task - Medical Express, next in the series of UAV Challenge competitions. The competition rules put stress on reliable and safe operation of Unmanned Aerial Systems in compliance with civilian airspace, promoting innovative, cost-effective solutions to Search And Rescue operations. The competition goal is to locate a standing dummy in the designated area, pinpoint its location and analyse the surrounding terrain for suitable landing areas. Then the aircraft must land vertically, recover a sample and return to base. The operation takes place over 30km from starting point pushing the limits of data transmission, VTOL aircraft range and UAV autonomy.
          The MelAvio Avionics Club, experienced with participation in the previous Challenge, develops a system capable of performing the required mission autonomously, implementing complex failsafe mechanisms and risk management required by the rules of the competition. We present the new Quadplane platform M7 “Murena” designed and built at Warsaw University of Technology together with radiolink system design, mission execution plan and machine vision system. Also an overview of design challenges is provided.
Vasilev I.
UAV-FORS - UAV-FIXED OBJECT RECOGNITION SYSTEM. COMPUTER VISION SOLUTION FOR AUTONOMOUS SEARCH AND RESCUE AIRCRAFT
Nowadays one of the major reasons for limited application of UAVs is that currently aircraft-state specific sensors remain the key source of information for performing autonomous missions. Meanwhile in many situations higher level of autonomy is required, and it is necessary to analyze data about direct surroundings of an aircraft. In those cases, it is reasonable to augment avionics with other sensors, particularly with cameras linked to specialized systems of computer vision.

UAV-FORS is a project which approaches the problem of computer vision on an autonomous UAV. The project is developed by MelAvio research group at Warsaw University of Technology. The goal of UAV-FORS is to develop an onboard hardware-software solution, which is capable of locating a human in the terrain under an airborne UAV. Which is more, the system must find an area appropriate for landing near the human. Details of the task are largely influenced by the rules of the UAV Outback Challenge, in which MelAvio takes part. The system is being designed, however, to be applicable not only for the challenge. Steps of the first part of realization of the project are presented here.

To design the system, specific requirements e. g. minimal and maximal height of the flight were ascertained, details of appearance of the searched object, possible weather and environmental conditions were analyzed. Parameters of the optical setup, formed by camera and lens, were also evaluated. Camera sensor type, resolution, frame rate, type of shutter, focal length of the lens applicable for the specific requirements of the task were selected. Definite model of camera was chosen.

Next, it was necessary to program interaction between the camera and onboard computer performing computations for the system of computer vision. Besides, communication between onboard computer and flight-controller was organized.

Camera with the onboard computer were placed onto a test UAV and a set of preliminary test images was taken to begin work with the image recognition algorithms.

As for the algorithms, state-of-the-art in human detection and terrain estimation were analyzed and two methods were selected to accomplish the task: HOG-feature classifier to detect a human and matrix-based classifier to find plane area for landing. Both approaches were partially implemented, and tested off-line showing promising results. However, further work is required to make the algorithms work robustly regardless of external conditions.

Afanasiev D., Virchenko G.
PARAMETRIC MODEL OF WING REGIONAL AIRCRAFT
Today, creating aviation equipment is virtually impossible without widespread use of new information systems. Provide improving quality and shortening design is possible due to the development of new ways to design integrated structural elements airframe among computer packages CAD / CAM / CAE.

Practical implementation of new methods of parametric modeling elements airframe provides competitive final project as optimizing the design and realizes the flexibility making various changes to specifications of used design. Therefore the question of the development of new methods of integrated computer design elements airframe design today is quite important.

The main objective of building a parametric model is the extensive use of parameters and relationships between them to implement automated productive changing the designed object.

In aircraft under parameters understood independent variables of a system, and during her performance - dependent variable.

For the wings of the caisson have:

- The parameters of the position: the distance between the ribs - a, stringers - b, spar - B;

- Parameters dimensions: length spars and stringers - l; plating thickness and stringers - ( ; height spars - H1 and H2; width and height stringers - c and h;

- Features: area closed circuits, cross sections spars, walls, and stringers - F.

Development of caisson wings parametric model was made using the software package SolidWorks, based on the above parameters that were mentioned above. Implemented a new method based on the following stages:

1. Construction of the caisson base geometry that defines the parameters and characteristics of the airplane wing.

2. Creation of parametric models for typical design elements used.

3. Associating each element to the basic design geometry wings of the caisson.

The scientific and technical results lies in the development of new methods of automated design, and their practical value - to build a concrete caisson structures parametric model of regional aircraft wings.

Babenko V.
CERTIFICATION OF FLIGHT AND NAVIGATION SYSTEMS OF UAV
Nowadays, Unmanned Aerial Vehicles (UAV) are developing rapidly, and they have great potential capacity in many areas of human activities, which is not fully realized yet. One of the reasons is absence of classification and standardization in this sphere; all manufacturers make what they want and how they want without regard to international or local aviation safety rules and requirements. Also that is one of reasons why UAVs are not allowed to fly in controlled airspace. 
 The first step to control by ATC unmanned flights is to provide standards for different types of UAV and make them satisfy aviation safety requirements. The classification of UAV has been developed according to flight and navigation system accuracy, and ability of aircraft to hold safe flight options in specific weather conditions. This classification is referenced to weather condition because weather – is the main source of external input into flight system and according to very low mass (in comparison to the manned aircraft) and high influenceability. The specific class limits operational weather conditions and granted class of airspace.  
Every aircraft in specific class should be able to keep in specified limits all flight options: altitude (and height), heading (and course), ground speed, airspeed and horizontal separation in case of maximum influence possible in operational weather conditions. These rules also apply to such situations as planned change of flight configuration. 
Methodology of UAV flight tests and mathematical tool was developed. It will allow us to estimate flight and navigation system errors. The final purpose of this procedure is to make summary of dynamic behavior and accuracy of certain UAV. It can be an argument to assign specific class to tested aircraft. 
         Thus we will not only control flight conditions, but also know flight abilities of UAV and it possibility to keep safe altitudes, speeds and position in airspace. All systems should be tested in different weather and operation conditions.  This will allow substantiating requirements for flight and navigation system according to aviation safety requirements and required accuracy for current class of UAV. 
Using this classification will allow to provide safe unmanned flights in controlled airspace, including high-density construction zones; make safe flight around obstacles and prohibited areas; perform safe take-off and landing in special equipped places with known obstructions.
Bereznichenko V.

DENSITY MEASUREMENT OF HEAT FLUXES
Implementation of energy-saving technologies, in particular, the modernization of obsolete housing stock, involves a preliminary assessment of its condition, and then, decision about the best methods and materials for thermal insulation. In this case, the most complete and accurate quantitative characteristic can be obtained by measuring the density of the heat flow and temperature. However, devices for measuring the density of heat flow and temperature are not commercially available in Ukraine. Therefore, the development of such a measuring device is an urgent task.

Measuring the density of heat flow and temperature simultaneously at several points provides a possibility to obtain more data for assessing the thermal properties of structures and materials, improve the accuracy and productivity.

For this purpose the structural diagram of the device, which includes a 4 -channel heat flow measurements and 2 - channel temperature measurement was developed.

On the building envelope of buildings (structures) installed sensor (0924) formed as a disc consisting of identical electrochemical battery of thermocouples parallel connected measuredly to the heat flow and sequentially to the electrical signal generated. In heat mode, the opposite flat surfaces 0924 accident occurs is proportional to the measured density of the heat flow passing the temperature difference by which the battery thermocouple thermoelectric power generated by immersion.

In heat exchange mode, at the opposite flat surfaces 0924 appears the temperature difference proportional to the measured density of the heat flow passing, by which the battery thermocouple thermoelectric power is generated by immersion.

Since the information is transmitted over a long distance, and measuring the density of thermal noise and temperature sensors are exposed to noise into the circuit introduced a low pass filter. Then the signal is supplied to the ADC, where it is converted into a digital code that is proportional to the measured temperature or heat flow. Then, the information is supplied to the microcontroller and further to the digital reading device.

Measurer provides the following technical specifications: measuring range of the heat flux 10-1000 W/m²; limit of the basic reduced error of not more than 5.5 %; temperature measuring range -30 ... + 100 °C; limit of basic absolute error of temperature measurement less than ± 0,2 °C.

The developed system, which was compared with existing similar instruments, offers advanced features and higher accuracy of the heat flux measurement.
Bokeeva V., Shantyr S.

COMPLEX OF MONITORING AND ESTIMATION THE FUNCTIONAL STATE OF THE BRAIN AND HIS BIOELECTRICAL ACTIVITY

Electroencephalography is non-invasive method which based on monitoring, registration and studying bioelectrical potentials of brain. It’s propose disputed claims such as long analysis time and wide frequency domain, complicated structure of potential change process and their unsteadiness. It complicates using traditional methods of processing random processes and narrows range of using measuring devices, as gears of prior and, in exceptional cases, first transformation.

Goal of this study is definition requirements to characteristics and structure of building complex of electroencephalographic monitoring and evaluation functionality stance of brain by his bioelectrical activity in the clinical conditions.

Non-invasive method of research brain state is based on definition rhythm of his electrical activity. Results of study characteristics of main rhythms listed in the table 1 below. Except physical parameters (potential, frequency) electroencephalogram has structural characteristics of changes of potentials in time: alpha-rhythm has trend on increase and decrease of amplitude with duration 2…8 s; increase amplitude gamma-rhythm more than 15 µV indicates about pathology; (-rhythm has gabled waves; (-rhythm characterized by outbreaks on increasing at the beginning and decreasing in the end. 

Table 1 - Characteristics of biological rhythms
	Rhythm
	(
	(
	(
	(
	(
	(
	(
	(
	(

	F, Hz
	8..14
	14..30
	30..500
	1..4
	4..8
	8..12
	4..5
	8..13
	10..16

	U, µV
	30..70
	5..30
	..15
	20..30
	4..400
	20..30
	-
	-
	..50


Basic principles of complex electroencephalographically monitoring and evaluation of the functional state of the bran were formed on the basis of research output measurement data and existing restrictions for use. The primary principles are:

· complex comprises hardware and software;

· on hardware assigned first treatment output potentials and form of measuring signals;

· on software assigned phased treatment and analysis of measured signals for getting measuring information and form evaluation of functionality state of brain in real time;

· process and analysis measuring information performed on digital technologies base;

The structure of measuring complex of electroencephalographically  monitoring and evaluation functionality state of brain by his bioelectrical activity in clinical conditions was built by defined principles. The simulation of process of receipt and processing –rhythm was done, which confirmed the possibility of realization this structure of complex by defined principles.

Bryzhan S., Nechyporenko O.
AUTOMATED CALIBRATION SYSTEM FOR MEASUREMENT THEAIRCRAFTBAROMETRIC ALTITUDE 
         The solution to the problem of increasing the accuracy and speed of automated control systems, calibration of sensors barometric air pressure visitors is especially relevant for today's aviation industry.
          The modern state of metrological measurementassurance (MA) and control do not satisfy the needs of device-designing and machine-building industry by such parameters as: the automationlevel, speed, accuracy and so on. The main problem is ensuring one-sided approach to certain level of measured value, when the devices of various physical quantities and, in particular, of the gas pressure, are developed. This is due to the need to identify the major metrological characteristic, namely the variation of MA measurement results. During the analysis of automated system calibration (ASC) were investigated the influence of external factors to error, also were revealed that the biggest negative impact on the systemaccuracy gives the temperature. Therefore, forcompensation the temperature error was used active temperature control of the frequencypressure sensor, which is a system sensitive element.
           In the work were used already acquired theoretical and practical knowledge in this area.
             The control algorithmforASC blocks, when system is working, saving the testingprogram, processing and transferring the output values of sensors to the printer, were developed. Further will be used micro-computer for increasing the ASCversatility, increasing its speed and will be enabled to print verificationprotocols. The measurement system scheme ofoutput signalswas simplified that gained the universalizationdegree in the calibration of different devices at different points. Also were reduced the complexity of the structural design, reduced the influence of noise and improved the power supplystability.     The construction of the pressure synchronization device in the working chamber of the automatic pressure adjuster (APA) and in the MA cavities was changed.In addition the volumetric compensation method of non-synchronouspressure submission was applied to APA and PP through the pressure gradient.

Chmykh V., Zilinka V., Shkvar E.

AERODYNAMIC CHARACTERISTICS OF WIG WITH JET FLAP
The usage of jet flap on the wing WIG is a very promising area of ​​research, as WIG factor used ultra-low flight altitudes and consequently influence the ground screen effect. The practical significance of the jet flap is in a new layout and design application of the jet flap on WIG, which in turn will improve load-bearing and weight characteristics of this type of aircraft and provide effective way of targeting properties of stability and control.

Determination the effectiveness of the proposed project design with usage of jet flaps as well as optimization its geometric and operational parameters Calculation base (reference) configuration of WIG with trapeze wing shape with dimensions that are typical for this type of aircraft, namely the scope of: area l = 10-40 m; [image: image2.png]


 = 5-15 m; [image: image4.png]


 = 2-15 m; λ = 3 m, the next range of distances from the earth h = min 0.1-0.5 m, max 2-6 m. The effect of proximity to ground improves aerodynamic efficiency by 20% compared to a flight out of the screen. So the results clearly demonstrate the relevance of a correct account of the effect of the ground screen.

Jet flaps increase lift wings mainly due to the effect of the vertical component of jet supercirculation action. Constructive simplicity is difference of this system. Parameters characterizing the intensity of blowing and its impact on the aerodynamic characteristics of the aircraft, jet pulse rate is injecting air:

[image: image6.png]mV/q..S,
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where m - mass flow of air per second, V - jet speed, q∞ - dynamic pressure, S0 - wings of the area, the corresponding proportions slot nozzle. 

Blowing the wings mathematical model, typical WIG, decorated with jet flap in the program Ansys Fluent, shows and confirms the expected effect of constructive proposals. This solution makes it possible to increase the lift force on the wing up to 25-40% in the most effective corner-blowing power, namely 25̊ and at the most efficient blowing speed 200 m/s. This aerodynamic configuration improves the bearing properties around WIG screening surface. Jet flaps reduces physical streamlined surface area and, consequently, reduces weight characteristics WIG.
Danevskyi D., Shkvar E.
ImpROVEMENT OF NEAR-wALL TURBULENT FLOW 
Properties BY USING MICROBLOWING TECHNOLOGY
During the last decades many active methods of turbulent flow control and skin drag reduction were developed and investigated. However there is one method which evidently was not deeply studied and researched relatively to its practical implementation. This method is a gas blowing or injection into the boundary layer. Researches on this technology were started in mid-1950's but the intensity of these investigations was greatly slowed down by a large number of researchers who used to think that additional energy consumption of this process realization would be too high for any practical applications. A concept of this method is a gas blowing to the external flow through the set of small orifices, normally or tangentially, with the blowing velocity which is small enough relative to the external flow velocity. In the 90's Hwang from NASA proposed a modified blowing technology throw the porous wall which is now known as micro-blowing technique (MBT). Using term “micro” we assume that size of orifices or pores is much smaller than boundary layer thickness. The idea of this modification is a substantial decreasing in the characteristic size of orifices which leads to essential decreasing of surface roughness with its negative disturbing influence and, obviously, to friction drag with energy consumption decreasing. Hwang has shown that even in the case of small relative slot sizes and low blowing velocities an essential growth in skin drag reduction could be attained. Hwang also established that porous materials which were traditionally used for this technology had a high enough effective roughness. Evidently in this case one of the most important problems is to find for the given set of conditions the optimal blowing parameters to reach necessary skin friction and, as a result, energy consumptions reduction, so this case needs to be studied more thoroughly. The most effective way for this studying and solving the optimization task is mathematical simulation of the mentioned above type of modified turbulent shear flow.

The aim of this research direction is to develop the corresponding and reliable mathematical model of the turbulent shear flow on a permeable surface with micro-blowing. The structure of the current version of the elaborated model includes Reynolds-averaged Navier-Stokes (RANS) system of equations of incompressible fluid and algebraic turbulence model adapted to the blowing factor accounting.

Micro-blowing impact is taken into account by appropriate boundary condition on the streamlined surface. Conducted computations demonstrate an adequate reproduction of flow peculiarities in the range of the mean normal injection velocity through the wall from 0 to 0.12 m/s. Results of comparison with Prof. Kornilov V.I. recent experiments (2015) has shown the presence of satisfactory correspondence level for the practical applications (maximum relative error doesn’t exceed 7%). Further research will be focused on the improvement of the developed model in the direction of clarification of the turbulence model applied to the investigated method of flow control. 

Gavaza O., Balabanova T., Balabanov I.
METHODS OF CALCULATING THE AIRCRAFT WING CHARACTERISTICS WITH INFLUENCE AEROELASTICITY 
Aeroelasticity is important in many areas of engineering, especially in aviation, where the resulting large size and velocity of the aircraft aeroelasticity is the most significant (negative) factor taken into account when creating the new aircraft. When designing the wing one of the objectives is to eliminate and reduce the harmful effects of aeroelasticity his design during the flight. This makes it necessary to study many variations of designs, hence the relevance of using new computer methods of calculation.

In this article introduce new technique that ensures the creation of a mathematical model of elastic wings under aerodynamic and mass loads, which will describe the interaction of the wings of the air flow in an analytical way.

 The technique is to divide the wings into sections and replacing them with the corresponding finite elements, which characterized by its center of rigidity, weight and lifting center. These characteristics are described by the matrices aerodynamic impact, stiffness and mass, in analytical form, which are oriented in their element coordinate systems. Each individual section is characterized by the provisions of the centers of mass and stiffness of pressure that used to bring all the elements into one global coordinate system. Based on this design model is constructed wing that looks consistent and characteristic elements connected in parallel, with subsequent transformation and analysis.

The developed method has been applied to the determination of the critical velocity divergence simplified wing aircraft La-5 FN. The results are fully consistent with the research aircraft operational data that proves their validity. This technique allowed explicitly express the dependence of the operating data from the design characteristics of the wing, in a simple and understandable form, due to the lack of application of integral and differential equations. In particular, it gives the possibility in principle to carry out the optimization of wing structure in an analytical form as a function of flight performance, which is especially important at the stage of preliminary design.

This calculation method can be used during the preliminary design of the aircraft; it will help to simplify the automation of this process through the widespread use of computer algebra, increase economic efficiency by reducing design time costs, human and machine resources. It will open new opportunities to simplify the process of optimizing mass characteristics of the aircraft projected. Also, the technique will allow a simple interpretation of interim results and further analytical studies.

Due to the principle of scientific analogies underlying the applicable method, the research process of response aircraft structure under the influence of aerodynamic and inertia loads becomes clearer, detailed and, in the end, it is simplified.
Igolkin D., Sukhov V.
Method of selecting parameters for electric propulsion system of UAV based on flight route
Emergence of brushless direct current electric motors, increase in specific energy of chemical batteries, microcontroller development and reduction in cost of these components in recent years contributed to the sharp increase in availability and market share of electrically powered UAVs. This area develops rapidly and requires much research that will improve the characteristics of future UAVs.

Electric propulsion system for micro- and small- class UAVs often takes 25-40% of a vehicle’s mass, so it has direct effect on flight time, speed, rate of climb, payload mass and other important characteristics of the aircraft. Therefore the choice of parameters for electric propulsion system significantly affects the resulting flight performance.

Existing methods for selecting electric propulsion system calculate parameters for one flight mode (cruise flight) with additional constrain (rate of climb). These methods do not account for different modes of flight, which is an integral part of any flight route. These modes include: climb, cruise flight, decline, patrol, turn. Therefore, these methods do not allow the desired accuracy determine the parameters of the electric propulsion system UAV. 

The purpose of this study is to take into account flight route of UAV with different flight modes, as it will improve accuracy of determining electric propulsion system’s parameters for a UAV and therefore increase flight performance: more flight distance and time, better rate of climb, less weight.

The new method of selecting parameters for electric propulsion system of UAV was developed, which first includes UAV’s flight route: segments of climb, cruise, bends, stretches of patrol flight, decline. Taking into account the route of flight gives electric propulsion system desired parameters that had better correspond to an actual flight conditions. Based on this method was developed the software package that allows to:

- set characteristics of UAV, change flight path segments and flight parameters in each segment;

- calculate desired parameters of the electric propulsion system for an introduced UAV and a flight route.

The calculated results showed that this method allows better choosing of parameters of electric propulsion system given a flight route, which consists of several flight modes and segments.

This method can be used for:

a) choosing parameters of electric propulsion system at the UAV design stage;

b) selection and replacement of individual elements of the electric propulsion system for a certain flight with already known route and flight parameters.

Karlin M., Kolot O.
GROUP USE OF UNMANNED AERIAL VEHICLES
The article deals with the topical theme group use of unmanned aerial vehicles (UAV). This problem is promising and has many practical applications.

    Typically, the practice used for single UAV leads to poor performance tasks, especially when the task is performed on unlimited big territory. Limitations associated with the fact that sensors and UAV sensors have a limited sphere of influence. Using multiple UAVs in the group increases the effectiveness of the task, but there are additional problems with coordination when performing other tasks. In this regard there is a task of group management use a limited number of the personnel of management of the UAV.

        The task of group use of the UAV is very actual as use of the UAV in group considerably increases efficiency of performance of a task thus a number of tasks is refuted. There is the possibility of monitoring large areas in a short time without loss of influential parts that are very likely using a single UAV. At group management interaction between separate UAVs is used so that there was a full compliance in their actions, with the task.

         In this paper a simple and effective algorithm group flight of the UAV. The basis of a cluster of several identical internal sensors UAV. Formulated cluster can be seen a group of UAVs in the random position with random coordinates. Coordinate reference system associated with the leading UAV, which is in the most favorable of the central region. Shelter axis directed by the vector Airspeed UAV axis OX and OZ relatively wings and hull. Using the Doppler effect, narrowing or increased frequency wave emitter relative to the observer can determine the motion of the emitter, removed object waves or radiation approaches the observer, taking for attention and that the observer also has motion relative to the emitter. The coordinate system that is associated with the observer, leading UAV, divide into 4 zones. UAVs, which are respectively in these areas form a cluster of leading UAV, each takes the corresponding zone. Determining the range of the UAV from the respective zones formulate matrix input parameters: matrix limitations of current value matrix, the matrix commands.

        By changing the matrix commands, changing the value of other UAV propulsion group in their respective areas, changing array of current values. Distances between UAV change. More details on the areas number one and number two. In the area of ​​one UAV under the matrix commands starts to drop speed signal in a given range radiator starts to increase oscillation frequency radiation, leading UAV (Observer begins to record the change in frequency emitter). Based on the increased frequency radiation concludes reduce distances, so the UAV is in front of him and not behind. As the leading UAV has determined the position desired UAV to determine the first zone or second receiver can recover and identify the signal strength and the exact area location.
Khominych O.
3D-PRINTING TECHNOLOGY AS A MODERN WAY OF FORMATION THE COMPLEX AGGREGATES OF THE MODEL CLOSED WING AIRCRAFT
In the paper shows the use of 3D-printing technology to create wing tips of the closed wing aircraft. 

An important factor of production has been and remains the cost of manufacturing of aircraft units. Technology manufacture of parts and aircraft as a whole is largely determined by the product life, his labor and production cost, stability and production culture. The creation of new technologies that can provide a receipt of the items, which satisfy the highest technical requirements, opens the way for constructive improvement of aircraft. One of such techniques is using the 3D-printing technology.

 3D-printing as one of the methods of "additive manufacturing" based on the concept of building the object sequentially applied layers of mapping the contours of the model. In fact, 3D-printing is the antithesis of the traditional methods of mechanical production as milling or cutting, where the formation of the product appearance is due to the removal of excess material.

Closed wing aircraft is a complex geometric object consisting of a number of units of complex shape. The geometry of the model units consists of surfaces of varying degrees of complexity. Making these units is difficult. Due to the difficulty of manufacturing these units, it was decided to use a 3D-printing technology.

The purpose of the present work is to reduce the time and simplify the construction of complex assemblies of aircraft models of the closed wing aircraft to use 3D-printing technology.

Application of 3D-printing technology based on Fused Deposition Modeling (FDM) has made it possible to create geometrical shapes virtually unlimited complexity, such as the wing tips of the closed wing aircraft, in a very short period of time. Print time a wing tip accounted for about 6 hours. The quality of the outer surface turned out pretty high. The ability of creation the wing tips of the closed wing aircraft with different filling materials minimizes their weight while it is providing sufficient strength. 5% filling of parts of the closed wing tips of wing aircraft reduced product weight in 10 times (compared to 100% coverage). It made possible by using the honeycomb structure during filling model. 

Consumables for 3D-printing technology are the ABS-plastic. Acrylonitrile butadiene styrene (ABS) (chemical formula (C8H8)x·(C4H6)y·(C3H3N)z) is a common thermoplastic polymer. ABS-plastic is a durable material, not inferior in strength lightweight materials such aircraft as plywood, bamboo and pine.

Traditional manufacturing methods can be cheaper in the production of large batches of polymer products, but the 3D-printing technology have advantages for small-scale production, which allows to achieve a higher rate of production, along with high efficiency per unit of product produced.

Kizitskyi O., Zbrutsky O.
PIDD CONTROLLER AS A STABILIZATION SYSTEM FOR QUADCOPTER

The PID (proportional-integral-differential) controllers have become the standard tool for maintaining the set value. For example, it can be used to control the angular orientation of the camera or the aerial vehicle. 


However, PID controller uses error e(t) (difference between input angle and current angle), derivative of the error and integral of the error. But it does not use the second derivative of the error (angular acceleration is not used in stabilization process).


The aim of this work is to show how PIDD controller works to stabilize angular position (roll angle) of a quadcopter. 


PIDD controller differs from PID by adding second derivative of the control error (1):  
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where Kp, Ki, Kd and K2d coefficients for proportional, integral, derivative and second derivative terms respectively, t – time.
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 Method of standard step responses is used in this work.  To synthesize controller, polynomial of the closed loop system were reduced to the form[image: image8.wmf]432234
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Fig.1. Step response of the system

After reducing the denominator of the system to the desired polynomial, coefficients were obtained for PIDD controller. Step response of the roll controller (amplitude in rad) is shown on Fig.1.


It is possible to improve the characteristics of the angular motion of quadcopter in comparing with PID, through the use of PIDD, because the additional second derivative term is used, and there is possibility to control also angular acceleration.

Kolbakir C., Zinchenko D.
FORMULATION OF WING FOR A HIGH-ALTITUDE PORTABLE UNMANNED AERIAL VEHICLE

Air density, pressure, temperature at high-altitudes (atmospheric conditions) challenges air vehicle aerodynamics design. High performance wing configuration is required for high altitude operations. High-altitude aircraft developed at the moment have significant size due to that requirement.


Storage and transportation problems of high-altitude aircrafts are remain unsolved. The implementation of portability is one of the option to overcome of those problems, therefore there is actual need for determining requirements for portable unmanned aerial vehicle which can fly at high altitudes. 


The requirement of the UAV is having a high value of aerodynamic quality Kmax, for maximum achievable altitude.  High value of aerodynamic quality requires large wing aspect ratio λ, which is determined by the wing area and wing length. Two computational 3D model of UAV wing were made and analyzed for lift distribution over the span values of СY =0,5;1,0;1,5. To eliminate possible errors, flow calculation around the wings is executed by various aerodynamic computational methods which are panel-vortex method and finite element method. For wing profile R-III-A-15 airfoil was selected. Both wings have identical geometry parameters except the tip of second wing has an angle of -5°. Result of analyzes shows that lift distribution over the span is not optimal. Therefore further optimizations were made. Three different wing geometry designed for improving the first version of the portable high UAV wing. These are straight wing, combined wing with straight center section and trapezoid console, straight wing with elliptical tip. Those wings were compared for value of Сумах and Kмах and lift distribution over the span. Results clearly demonstrate advantages of straight wing with elliptical tip section, which allows for a continual flow of finite wings to a much greater extent than other reviewed options, which makes it possible to ensure effective control by the roll at supercritical flight conditions such as stall and tail spin. However, other important characteristics, especially Сумах and K мах have not significantly reduced compared. Selected geometry of portable high-altitude UAV wing analyzed for 11 different airfoils, using integral method, in terms of maximum achievable range and flight time. Selected airfoil is widely used in small aircrafts and unmanned aircrafts. The airfoils dfs-p9-138, NACA 4412, TSAGI D2 and R-III-A-15 are classic airfoils; fx60-126, fx61-184, fx63-137, fx67-k-170 and Laminar Wortmann C=18.4% are laminar airfoils; GA(W)-1 and NACA 0012 are general aviation airfoils. According to results of the calculations, wing model with Laminar Wortmann airfoil has highest values of Kмах and (K/Cy0.5)мах compared to other models, which means better range and flight time.


The received data for this UAV and the method of the calculation may be used for high-altitude flying portable aircrafts.
Kotvytskyi R., Saryboga G.

Machine vision systems based on the color recognition method
Machine vision systems are used for the treatment and recognition of different images obtained from a camera. Vision system is meansfor tracking, monitoring and automatic decision-making in certain situations.

This work is dedicated to the development of a new system of automatic control pilotless vehicle using machine vision system, namely its landing offline on a special sign, which is posted on the ground.

Basic purpose of the developed system is development of pilotless vehicle specified by coordinates reaches the final destination, using the camera (machine vision system) finds an appropriate symbol in place of the final position, recognizes it and goes to land; everything goes offline.

Object detection and segmentation is the most important and challenging fundamental task of machinevision.  It is a critical part in many applications such as image search, scene understanding, etc. However it is still an open problem due to the variety and complexity of object classes and backgrounds.
The optimal way to detect and segment an object from an image is the color based method. The object and the background should have a significant color difference in order to successfully segment objects using color based methods. This work for object detection based on color with using software Python 3, OpenCV 3, Web Camera, and microcontroller Raspberry Pi 2. 

On the microcontroller Raspberry Pi 2 runs like a web server which was wrote in Python that provides web interface, which listens for commands over the WebSockets protocol. When it gets commands, it sends them onto the Mini Driver via serial USB. This is custom Raspberry Pi camera program, which had written, and then it was streaming JPEG images over the network. It can also stream reduced size images (320×240) for computer vision.

For detecting the color object in OpenCV there are special color matrix library. In this application, the color space of original image of the video was converted from BGR to HSV image.
For tracking the color object there are 3 steps involving to achieve this task:

1. Detect the object.
2. Find the exact position (x, y coordinates) of the object.

3. Draw a line along the trajectory of the object.

In this application, moments to calculate the position of the center of the object are used. It’s possible to calculate 1st order spatial moments around x-axis and y-axis and the 0th order central moments of the binary image.0th order central moments of the binary image are equal to the white area of the image in pixels.
The efficiency of the system is confirmed by tests on the laboratory bench.

Kravchenko K.
AUTOMATIC CONTROL SYSTEM OF THE UAV RETURNING TO THE START POINT IN THE ABSENCE OF GPS SIGNAL 
Unmanned aerial vehicle (UAV) is used for solving many military and civil tasks. For avoiding operating errors, modern UAVs are equipped by system of automatic control and implemented with the autopilot. Different methods of electronic warfare are used for fighting with drones. Therefore there is a need to protect those devices. For increasing the survivability of aircraft, the problem of the UAV returning in the absence of signal from GPS satellite navigation system was solved.

UAV system may include different systems. For example, an Unmanned Surface Vehicle may host an Unmanned Aircraft System (UAS) and an Unmanned Underwater System, or a UAS can provide inflight refueling to another UAS, or a UAS may be deployed as a communication relay station for Unmanned Ground Systems. Unmanned systems may be part of a greater system including manned elements as well. Technology developments must assess the impact each has across the rest of the system components or other systems. As an important part of the UAV is the autopilot. The autopilot in structure of the control system uses information from navigation systems and navigation systems to provide the required flight characteristics, stabilization of the angular position of the UAV and automation of trajectory control. GPS location data perceives from outside, so the system can get the wrong signal or even be damaged. Therefore it is proposed to create a control algorithm using Autonomous navigation system.

UAVs have been used by military forces, civilian government agencies, businesses, and private individuals. In this paper is developed the UAV for military purposes. Military-based UAV missions are manifold. One can distinguish between 9 diverse core aims of military applications UAVs being deployed for, viz.: Intelligence, surveillance, and reconnaissance missions, electronic attack, strike missions, suppression of enemy air defense; destruction of enemy air defense, network node, communications relay, combat search and rescue, deviations of themes listed.
In this article is proposed a method of rescue UAV. The idea is to integrate pressure sensors (MS5611-01BA03) and magnetometers (LSM303D) in the composition of the autopilot. The creation of adequate algorithm of information processing and further using of its data is done to control the UAV trajectory. First it is needed to find better flight performance of the UAV. Airspeed and current altitude values will receive from the pressure sensors and the values of Euler angles will receive with the help of magnetometric system. Using the last valid data obtained from GPS receiver can determine the position of the UAV in space, and it will have the corners of the pitch, heading and roll (by converting the readings of the magnetometer). These flight characteristics are compared with the created values by control law; further control signal is generated and implemented through the executive bodies.

Kravtsova A., Prohorchuk O.

AEROMETRIC NAVIGATION SYSTEM OF SMALL UAV
Today navigation systems that determine the current location by signals of global satellite navigation systems (SNS) such as GLONASS and GPS are widespread. SNS purpose is to determine the geographic coordinates, altitude and exact time for land, air, sea and other consumers. In case of absence SNS signal for a long time, arises the question: how the object location can be determined in another way? 

The system that will determine the geographical coordinates of moving object using information about the true air speed was used in this work. Aerometric method of coordinates determining is widely used in inertial navigation. The aerometric method is based on measuring the dynamic pressure. Dynamic pressure functionally depends on the body speed, which moves in the air. The components of ground speed can be found as sum of horizontal components: true airspeed vector and wind speed vector. Whereas the components of true airspeed vector can be found by considering the wind speed, direction and angle of course. After the SNS had disconnected, we assumed that the wind almost constant (the information about previous wind speed was saved). Therefore, we can predict the position of the aircraft using the information from the magnetometer system and air signals and return the object to the launch point.

The possibility development of UAV parametric navigation, operating principles and algorithms of UAV aerometric navigation systems were considered in this work. The block diagram, algorithm performance, and mathematical error model of UAV aerometric navigation systems in the absence of signal from the SNS. The object for experimentation and testing on the performance of the algorithm operation aerometric system, which was selected, is pressure sensor MS5611-01BA03.

The benefit of aerometric system is extending the life of small UAV by preventing the loss of the aircraft, when UAV enters to emergency situation, and it returns the object to the start point with some error. This system can be used to transport small loads. For example, it may be medicine or provisions. Also it can be used for searching missed people, for searching in the inaccessible places, in the health facilities or during military operations on airplanes.
Kryvokhatko I., Ovchar O.
CFD ESTIMATION OF WING CONTROL SURFACE OR SIMPLE FLAP EFFICIENCY
Estimation of control surface efficiency during design process is important task for different aerial vehicles. Recent investigations prove that results of two-dimensional computational fluid dynamics (CFD) calculation of tail control surface efficiency can provide the tolerance about 10…15 % compared to real aircraft surface or wind tunnel test. Wing control surface declined down is equivalent to simple flap that is the most widespread high-lift device for light aircraft and small UAV.

The aim of research is to determine the wing control surface efficiency, which depend on different geometric parameters, and find tail cutting effect on lift-drag ratio and hinge moment coefficient.

Aerodynamic characteristics were calculated with help of Ansys software including k-omega SST (Menter`s) turbulence model. Airfoil SD8040 that demonstrated high lift-drag ratio for low Reynolds number was chosen for research. Deflectable part of airfoil is identified with wing flap or wing control surface (aileron for conventional scheme or elevator for tandem-scheme aircraft). Control surface chord equals 30 % of wing chord and aerodynamic compensation equals 20 % of control surface chord that is typical for different aircrafts. Angle of attack (−4°, 0°, 4°, 8°, 12°, 14°, 16°), deflection angle (−20°, −15°, −10°, 0°, 10°, 15°, 20°) and tail cutting presence were variables. Airfoil lift, drag and longitudinal moment coefficients and control surface hinge moment coefficients were measured values. Also flow pathlines near airfoil were visualized to understand physical process and determine angles and zones of flow separation beginning.

Force and moment coefficients were determined for control surface model. It was found that tail cutting has practically no effect on control surface efficiency including high angles of attack and deflection, but increase lift-drag ratio at wide range of angles of attack that is important for simple flap during take-off.  Comparison of CFD data and analytical estimations of control surface hinge moment coefficient was performed in work. 

Calculation results allow estimating not only the control surface efficiency as moment characteristic, but even balancing losses after analytical recalculation.  Although were measured the values for 2D and 3D flow over wing with control surface or simple flap differs qualitatively, 2D-simplification of case calculated provide the possibility of geometric parameters optimization (including aerodynamic compensation, slot, tail cutting etc).

Kucheriavenko I.
USING INTERPOLATION IN NAVIGATION SYSTEMS
The most common practice in the development of geophysical systems is to use matrix form for building navigation maps. In other words, when working map of navigation system is represented as a table of numbers, the structure of chosen navigation field in the conventional rectangular coordinate system is reflected. 
The purpose of this work is to define main requirements for interpolation algorithms, which used for resolve navigation tasks. These requirements are necessary constraints which can achieve the necessary precision in unmanned aerial vehicles.
Usually for calculations geophysical fields are represented in the form of cluster size 
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 nodes.  After that global model of the earth's surface presented in the form of one or more quadrotree, where the root of the tree is the surface for the entire cluster with the lowest spatial resolution, and each subsequent descendant represents one quarter of the surface of his father twice with higher resolution. 
In practice, geophysical field’s data is often irregular and complied with liquid density. Based on the work results were done the main criteria for analyzing data and received optional method to display digital data:
- Visual stability in time of reducing priori information;
- Performance in real time;
- Estimation – it means square error methods.
This research based on follow idea, which form the basis for the construction of any method for display digital value in map, that choose only one variable [image: image11.png]


 at some point in the study area, and  uses a weighted average value of the variable [image: image12.png]


 in selective outlets. For interpolation is used only nearest neighbor set for search point - they have the largest weight in assessment function. In order to find the nearest neighbors generally using kd-tree, allowing you to find nearest neighbor during 
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. Moreover, tree traversal algorithms already exist.
It was obtained that weight function has to have a more complicated form than linear. It has to include the radius of the nearest neighbor of search points. Usually it is the third scale function. 
Simulation results showed that using multiple interpolations at once not always increase accuracy, furthermore it can lead to accuracy reduction.
Interpolation navigation methods can be used for real integration navigation systems. Accuracy of methods which are constrained by these requirements is about 8 to 12 meters that allows the use of this method to navigate the unmanned aerial vehicles.
Makarov I.
MATHEMATICAL MODELING OF ROCKET LAUNCHING FROM THE BOARD OF AIRCRAFT – CARRIER
Ukraine is the space state because there are such giants of cosmic industry as CB “Yuzhnoe” and “Yuzhmash”, which not design only these launch vehicles and spaceships, but produce them at the current plant. Just due to such enterprises Ukraine takes part in many international projects as: the project of new type of engines “Vega”; “Sea launch”; with using the Ukrainian launch vehicle “Zenit – 3SL” as the main spaceship launch vehicle. To this project we can add the reproducing of intercontinental ballistic rocket “Dnepr” for launching of small spaceships and the project “Cyclone -4” together with the cosmic Brazilian agency for launching spaceships from the Alcantara start site, and many others. The idea of launching rockets from the board of the plane is not new. In the XX century the scientists of the Soviet Union and United States developed the projects on the base of different planes. But because of the numbers of risk factors any project has got its realization.  

A spaceport is a site for launching spacecraft, by analogy with seaport for ships or airport for aircraft. The word spaceport has traditionally been used for sites capable of launching spacecraft into orbit around Earth or on interplanetary trajectories. This research considers absolutely new type of construction of air-space rocket with new meaning, and fresh ideas. The project can be realized faster, than construction of new air launch area.  From economical point of view, more profitable to use air launch, in comparison with constructing of new spaceport or reconstructing of already existing launch sites.

The goal of this research project is elaboration the strategy for launching the space vehicle from the board of airplane. 
The main purpose is making the mathematical model, which would be able to describe the flight of the given launch vehicle after its separation from the aircraft and climbing the altitude with the following flight into space.

In the process of work on this project the wing of launch vehicle was developed. It is the oval-looking wing construction with internal frame, additional external hinged ruling components as elevons, also additional ruling engines (which is mounted on the rocket frame perpendicularly to the direction of flight) and many other small components. All these elements work on the electrodistance conducting system. The whole operations of controlling of the rocket flight are done by the board calculating system (central computer).   

Due to the results of the work it was proved that the rockets launching from the board of airplane is possible and even more it is more convenient than launching with fixed launch stations. Ukraine will be able to construct its own launching site and to launch rockets from it. 
Matsiletska O., Prokhorchuk O.
GYROSCOPIC STABILIZER FOR ASTRONAVIGATION SYSTEM

Gyroscopic stabilizers have the ability to maintain a predetermined position and hold the desired orientation of other objects, so they are used for many purposes. For example, they can solve the problems of stabilization and control of a number of special on-board systems: antennas on board radars, sensors homing missiles, aircraft sights, aerial cameras and others. Gyroscopic systems are used in various fields of technology: in aviation and marine applications - for navigation and automatic control of ship traffic; in artillery and tanks - to determine the course and stabilization sights and guns on a given direction in space; in the mining and oil industry - the laying of mines and tunnels, oil drilling, etc. The main part of any of the gyroscopic device or system is gyrostabilizer, which largely determines the accuracy and performance of gyroscopic systems.


Astronavigation system designed for in-flight determination of coordinates of position and heading of the aircraft with the help of astronomical measurements. The invention relates to the field of astro-navigation systems for determining stabilized elevation and azimuth at astroorientir, on the basis of which determine a correction course indication and position. The technical result of the invention is to minimize the number of sensing elements to provide the desired accuracy determine the correction course indication and the location.


Feature of operation of the astronavigation system of the aircraft is connected with need to provide high precision of stabilization of the optical device at angular fluctuations of the aircraft, for example, under the influence of flaws, at hit in the descending air stream etc.


The problem of this work is designing the gyrostabilizer for astronavigation system. The main objective of the system is increasing the accuracy of navigation system, and also solution to the problem of error’s accumulation of inertial navigation system. As the accuracy of the errors, which accumulating in the system, related to the accuracy of stabilization angle measuring instrument, the stringent requirements imposed on the accuracy to gyrostabilizer . It is also necessary to ensure operation of the device under the influence of vibration with a wide range of frequencies and roll of the aircraft.
Precision characteristics are necessary and required because of their condition as a result of calculated parameters and dimensions of the engine stabilization. Determination the actual orientation of the platform, compared with a priori given orientation, the correction and attitude control platform. Gyrostabilizer mathematical model used for modeling real-time systems Matlab Simulink and investigated the stabilization error for various external perturbations.

Okhotnikova O.
STELLAR-INERTIAL NAVIGATION SYSTEM

There are a number of high-precision navigation parameters that perform high technical tasks. Navigation devices that are installed on board the aircraft, measuring these parameters. Inertial navigation system is one of such systems (INS/SINS). These sensors measure the angle increments and linear speed, which allows them to determine the coordinates of the location, orientation angles, etc. Also, this includes SNA - the satellite navigation system. Motion parameters in systems of satellite navigation systems (speed, heading, distance) are calculated on the basis of the time measurement, which is spent on an object moving between two or more points with specific coordinates. But even for such precise systems there is an accumulation of measurement errors of trajectory over time. Therefore it requires the use of alternative resources, which will increase the reliability and accuracy for an autonomous INS correction. As an alternative solution is considered stellar-sight device, but the development of such agents have difficulty in having to register stars.

The paper deals with the problems of designing strapdown inertial system using stellar-sight device. Main task of stellar-corrector in the navigation system it is the sight of a group of bright stars and other celestial bodies, their identification of the on-board star catalog and, ultimately, the determination of the orientation parameters and navigation at a sufficient height on the basis of the information received. SINS (stellar-inertial navigation system) should completely and autonomously calculate angles and orientation parameters of the object's location. The main objective of the strapdown system is to provide a high-frequency and noise-proof solutions orientation and navigation tasks; it forms a priori information for AVD (astrovision device). AVD, in addition to the SNS, which is also involved in the correction of SINS, it performs a periodic correction by calculating the parameters of three-axis orientation at the sight of a group of stars or the second angle to astrocorrection by measuring the direction of the Sun in the case of exposure stellar optical channel.

As a result of the use of high-precision AVD, SNS and SINS, their rational combination of options when autocorrecting SINS will provide autonomy and high performance strapdown Stellar-INS aircraft destination. These compact systems will be widely spread and further development due to its high performance in terms of accuracy and reliability.

Panchik M., Bobkov Y.

Statistical time interval meter
The measurement of time intervals is a widespread problem for all areas of human activity.

To measure the time intervals, usually used the method of direct comparison with the period of quantizing pulses. The main disadvantage of this method is the limitation on the minimum value of measured time intervals allowable quantization error, which depends on the maximum possible pulse quantizing frequency at 600 MHz. As a result this disadvantage substantially limits its use and requires the use of special measuring methods. If the time intervals are repeated, a statistical method can be applied for measuring time intervals, which significantly reduces the requirements for quantizing frequency generator. 

The aim of this work is to develop a statistical time interval meter.

The point of the statistical method is to determine the pulse duration on the estimation of the probability of coincidence of pulses defining a time interval and quantizing pulses. The period following the quantizing pulses may greatly exceed the duration of the measured pulses.

During the implementation of the work it was developed electrical scheme of statistical time interval meter. Arriving at its input a sequence of pulses defining a time interval, after the necessary normalization and conversion is supplied to the coincidence circuit. To the second input of coincidence circuit serves the quantizing pulses. The number of matched pulses are counted by a counter and is transmitted to the main microcontroller ATmega128A.

Quantizing the pulse generator is based on a single microcontroller ATtiny13A (auxiliary) by which the quantization of frequency change program was implemented within the required limits by a uniform distribution law. It provided the absence of correlation between the pulses of both sequences. The average frequency quantizing pulses was 10 kHz with the range of variation of ±10 %.


Instrumental statistical error of measuring is determined by the duration of the quantizing pulses. Forming required pulse duration carried out by means of timing circuits based on discrete capacitors with the ability to change.

To display the measurement results of a digital LCD monitor WH1602. It allows displaying up to 16 characters in two lines, allowing in addition the measurement result of the additional information, namely notification to the user of the need to connect a signal source, the current value of the quantizing pulse duration and sample size.

The investigations of manufactured layout of statistical time intervals meter showed that the duration of the pulse quantizing 0.01 μs, the measurement error in the range of 1...10 μs does not exceed 0.6%.

Pidoyma V., Bogomazov S.
SOFTWARE DEVELOPMENT OF TEST AUTOMATION FOR FLASH-MEMORY SYSTEM

In the automotive industry using flash memory is hampered by special requirements for conditions of use and value. For example, memory chip for use in the car should work in temperature range from -40 to 150 degrees. Today is actively developing MCUs with flash memory, designed for the automotive industry. It was therefore necessary to develop software for processing large amounts of data obtained during their trials.

During the research and testing of new types of flash memory developed methods of evaluation and detailed analysis: CMR (common margin read) - for rapid assessment of quality signatures, DMR (detail margin read) - for detailed study of the charge for each cell memory, cell current - to assess current transistor of each cell. Also the methods of charting the physical memory card and method of analysis of the spatial distribution of the charge levels for individual memory cells of bit lines. The software was developed in an environment of NI LabView 14. The main blocks of software is Statistic.vi for statistical analysis and calculation CMR, destr.vi - to calculate the distribution for the memory cells for each bit line, Bit map.vi to diagram memory cells.

Figure 1 shows the spatial charge distribution diagram of memory cells for each bit line.
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Fig. 1. Spatial distribution of charges of memory cells for each row

 From the above chart we can conclude the emergence of dual distribution charge, which is the main reason for failures of flash memory at high temperatures. Also see that not only moves the lower level of the charge, but the upper level, indicating problems with amplifiers of specific lines.

As a result, the development received an effective tool for data analysis DMR-tests. This tool allows you to find the cause of the degradation of the flash memory cells at high temperatures.

Pivtorak A., Shantyr S.

METHOD OF ANALYSIS PRODUCTIVITY INCREASING FOR ELECTROCARDIOGRAMS 
Observing the patient state in the clinical conditions can be solved by using bedside monitors that, except channels for measuring of temperature, pressure, pulse, have function for multichannel electrocardiography and can be used as autonomous devices or as peripheral module of high-level systems. Modern digital technologies give us an opportunity to create methods for increasing effectiveness of monitors by such indications as speed, reliability of obtained information and etc.

Development objective is design the method for increasing performance of processing measuring information in bedside monitor with analyses electrocardiogram function to remote the observing patient state in clinical conditions in real time.

Cardiological methods, for execution interpretation information and classification of electrocardiogram, use 12 abductions, formed from electrical process of heard, which cover frequencies from 0.15 Hz to 1000 Hz with voltage from 1 (V to 10 mV. Processing and analysis of cardiological process means getting an information from several channels  at the same time, filtration, recognition specific elements of cardiogram and measuring relevant parameters, delivery information to the doctor by using interactive dialog interface for execution interpretation and classification, which perform frequently in manual mode. These operations give us truthful results only when process and analyses interval is stationary and ergodic. Perform additional operations, related with adaptation to cardiographical process, reduce monitor speed.

In this project encouraged to use measuring pulse channel to correction parameters from cardiological signal correction block and operations of adaptation that significantly increases frequency definition which have diagnostic value for further analysis electrocardiogram its interpretation and classification.

The method of increasing productivity of analysis cardiograms was invited over monitoring patient state in clinical conditions by using pulse measuring channel. Algorithms for pulse measurement and parameters correction of electrocardiograms processing block were designed. Program model for cardiological process with possibility to simulate pathologies were designed. Computer modeling models and algorithms confirmed the efficiency of proposed method. This study reveals the possibility to use this method in microprocessor bedside patient state monitor in clinical conditions building.

Shako O., Kokotenko B.
Battery Monitoring System for Embedded Devices
The research of real battery parameters is useful for the development of all portable devices, which are limited in size and weight. And the accuracy of lifetime calculation for battery powered devices is completely determined by the real battery parameters in various operation modes and temperatures. Therefore this task is very important for professional embedded engineers and radio hobbyist as well. 

The real-time battery monitoring requires measurement of its output voltage and current. The measurement instruments presented in the market usually are too expensive, which makes them not suitable for such application. Therefore the authors decided to create simple inexpensive solution, which would be able to perform all required battery measurements.  

This research describes the development of real-time battery monitoring system for a typical embedded device under test. As the start point authors decided to use the development kit MSP430 Launchpad from Texas Instruments. This board includes low-power microcontroller MSP430G2553 with embedded 8-channel ADC. It can measure the battery voltage and current using simple voltage divider and shunt resistor, respectively. Afterwards the measured data could be transferred to the PC using USB-UART Bridge, which is already present on the board. For the data acquisition the authors developed MCU firmware in IDE IAR Workbench for MSP430. Logging of measured information is performed by specially created software based on Qt Framework for OS Windows.

As far as this system was developed for battery monitoring in portable applications, so it would be nice if the monitoring system was also portable. Such improvement could be made by using low-power SoC CC2541 which has embedded Bluetooth unit. Such implementation would allow to perform wireless real-time monitoring of all battery parameters. 

Using of the low-power microcontroller is the most optimal solution for the development of battery monitoring systems. Developed system is much smaller in size and cheaper than similar instruments. And it is much more suitable for integration in a portable device where the measurement system is also powered from the same power source. Besides such system could be improved by flexible firmware, which could inform the device software about remained battery life.
Strelyayev O., Shkvar E.
NON-UNIFORM HEATING - PERSPECTIVE METHOD OF TURBULENT FLOW CONTROL
The problem of streamlined surfaces form optimization in the transport sector and in energetics has been solved by mankind for a century and at the present stage of development further improvement of industrial plants and their parameters or technology in this way is not considered to be effective. That is why the authors have decided to investigate the ability of the flow inhomogeneous surface heat by regularly spaced longitudinal thin heating elements, and resulting anisotropic regular longitudinal vortex structure in the near-wall, under certain conditions, inhibits the development of turbulence, contributing reduction of friction drag. To investigate the influence of heterogeneity on the structure of turbulence in the wall region was carried out numerical simulations of the flow on a flat plate in terms of its longitudinal non-uniform inhomogeneous heating. А numerical simulation of а flat plate flow process with non-uniform heating was conducted by authors using the software package ANSYS Fluent 15.0 and transition-SST turbulence model. Research results presented as a graphical dependence Fig. 1, illustrating the sharp decline in the coefficient of friction resistance in the range of temperatures between 313.15 K and 333.15 K. The value of the coefficient of friction resistance close to the minimum, achieved at 318.15 K and remained virtually unchanged until the 328.15 K, after which very rapidly back to the values ​​that approximately correspond to flow without heating plate. The positive effect of the use of this method enables traffic control wall 4.53% gain in the coefficient of friction drag.
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Fig. 1. Dependence of the frictional resistance of the temperature

at a speed of oncoming flow 1 m / s
          This study showed that non-uniform surface heating modifies mechanism of turbulence generation and, as a result, the properties of a whole flow.
Sugak D., Kolot O.
NAVIGATION SYSTEM FOR UAV 
The works results, which directed to create navigation support for UAV, are the following works. The first one is "navigation system of UAV based markers". It navigates the UAV due to ground markers of put on them QR-codes. Another system is a development of Zala Aero company (system ZaNET), which allows to manage different types of UAVs. UAV navigation group is due to SNS (satellite navigation system) and terrestrial radio beacons. It was also reviewed the Swarm technology, which is a joint development of the US Air Force and the Boeing Company. It uses the principles of insect joint action that can share information and perform general problem, using "collective intelligence". Aircrafts navigation in this system is performed by SNS or terrestrial radio beacons, if there is no SNS signal.

Therefore, the UAV navigation using with SNS is already solved problem. But the navigation problem of absence the satellites information is unsolved, although there are ways, when using the ground-based radio beacons or other markers can help to solve this problem. However determination of the ground markers coordinates is done by SNS or another method of determining the coordinates.

The purpose of this work is to develop navigation method by using ground markers without first determining their coordinates.

For this task was chosen the method, which determine the coordinates of UAV via base stations (BS) of the mobile network provider. 

It was determined that coordinates of movable object are calculated as the weighted average of the transmitters’ coordinates (1), (2):

       
[image: image16.wmf][n])

 

(w

 

Sum

 / 

[n])

 

Latitude

 

*

 

[n]

 

(w

 

Sum

 

=

 

Latitude

                            (1)

       
[image: image17.wmf] 

[n])

 

(w

 

Sum

 / 

[n])

 

Longitude

 

*

 

[n]

 

(w

 

Sum

 

=

 

Longitude

                     (2)[image: image19.png]Latitude = ¥ (w[..].;:[r [nl)



 QUOTE  

From the theory of radio wave propagation, signal attenuation in a vacuum is the square distance from the transmitter to the receiver (3):
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That is a distance of 10 times (for example, from 1 km to 10 km) signal will be 100 times less, that is reduced by 20 dB in power. Under the weight of each term is defined by (4):
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Accuracy of this method for determining coordinates is about 6-10 meters, and therefore, it allows the use of this method to navigate the UAV.
Taranenko B., Prokhorchuk O.
MAGNETOMETER SYSTEM ORIENTATION OF SMALL UNMANNED AERIAL VEHICLE
Nowadays the purchased unmanned aerial vehicles (UAV) have enough wide applying. Growing interest to the pilotless aerotechics is related to the increase of range it the potential use both in military and in civil spheres. UAV is used for secret service, for meteorological researches, for the ecological monitoring, for urgent transportation loads, as air laboratories and others like that.

The control of UAV consists of management and orientation the center of masses of object and positioning about the center of masses. For management the UAV orientation can be used the goniometry orientation (to the course, pitch and heel), or the measuring of UAV angular motion. Expediently there is to measure the vector of the magnetic field by cheap and small magnetometers for goniometry orientation.

Furthermore, were considered a lot of works in this field, where were marked that magnetic sensors are widely used in navigation devices and autopilots as additional navigation sensors.  Significantly that determination of orientation UAV only with help of magnetometer sensors is impossible.

UAV control system has failure – the absence GNSS signals influences on UAV control system, so UAV can disappear or get in an emergency situation or lose the properties.

The magnetometer system orientation of small UAV, which would «memorize» the orientation corners, together with other aircraft systems (orientation and navigation systems) combine all information during the flight and could independently send UAV into the start point in case of losing GNSS signal. Such systems can be applied in military industry, for example in reconnaissance aircrafts, where information is very important to save. Also, these systems can be used in UAV for transportation of small loads or in laboratory-aircrafts without the risk of their loss. 

The possible construction variants and action principles of the magnetometer orientation system were considered in designing process. As example were selected the magnetometer system orientation of company STMicroelectronics LSM303D. Also, for situation of GNSS signal absence were developed block diagram, functioning algorithm of magnetometer system and error mathematical model.

Tatarchuk O., Samartsev Y.

Scientific and research measurement system for analysis climatic parameters influence on plants quality
Temperature and humidity in greenhouses are the quality indicators of crop production, and their impact is very high. The temperature in a greenhouse is affected by the ventilation and the amount of sunshine it receives. Greenhouses are designed to trap the heat from the sun. If nobody changed anything, the temperature would keep rising until the sun went down. Temperature can be controlled by opening the door or opening vents in the roof. In extreme cases, air conditioning could be used to bring the temperature down to a more reasonable level. The humidity inside a greenhouse is almost always close to the maximum because of the amount of greenery. Leaves naturally perform a process called transpiration, in which they release moisture into the atmosphere from pores in their surfaces. Controls on humidity are similar to those for heat – it is possible by opened the door or opened some vents.

Thus it is important to test the hypothesis that under the same climatic conditions several greenhouses will have the same high quality performance products. For those purposes is used research measurement system. It provides a collection of experimental data from sensors, their transfer to the server, maintaining the database and further analysis.

To collect experimental data are used combined temperature and relative humidity semiconductor sensors DHT11, which have small overall dimensions provide high enough performance and acceptable accuracy of the results. Each individual sensor is connected to an IEEE 802.11 (Wi-Fi) wireless module ESP8266 via general purposes I/O ports. These modules are composed of microcontroller that manages the receipt of measurement data from sensors, and Wi-Fi network adapter, which provides data transfer via network protocols. Among other features ESP8266 also should provide low power (1 mA in stand-by session mode) and focus on the cross-machines interchange technology “Internet of Things” (IoT).

To data collection is used a web server built on the principles of REST API. This construction principle allows to uniquely determining from which object information obtained by using namespaces and parameters identification. The server-side software is designed using Java Enterprise Edition 6 technology stack: JAX-RS 2.0, EJB 3.2, JPA 2.0. For application deploying is used WildFly application server.

Information is stored in a relational database management system Oracle 11g. Also, server software allows selecting of experimental data to create models of plants and analysis of microclimate impact on their quality.

This measurement system can be used both in experimental greenhouses and for conducting experiments in existing farms to improve their performance.
Tereshchuck A.
MODIFICATION OF THE THEORETICAL CIRCUIT TRANSPORT AIRCRAFT WING 
Modern aircraft is a complex technical system with a large number of various elements, where is the most responsible role to play belongs to bearing surfaces (wing and tail), creating aerodynamic lift force.

The long and complicated process of developing an aircraft has several phases: research, design, manufacture of prototypes, testing and production.

Preliminary design - a crucial stage, because this stage is the layout of the aircraft, which determine its basic geometric parameters and characteristics, develop constructive-circuit power units, performing various calculations (aerodynamics, weight, strength, etc.). But sometimes it could happen some mistakes that are subsequently have to remove on the stage manufacturing of prototypes, trial or even production.

Native aircraft sector can be characterized by continuous improvement of aircraft, due to the complexity of the design and the external shape of the aircraft, especially carrying aerodynamic surfaces. Improving basic characteristics of the aircraft in all flight modes includes a selection of the bearing surfaces optimal form (their geometry, aerodynamic and geometric twist), and the use of mechanization and control elements (slats, flaps, ailerons, etc.).

Thus, now is the urgent task of improving the flight and technical characteristics and improve aerodynamic characteristics of transport aircraft wing, including those that are in operation, without interfering in the manufacturing process and with minimal amendments to the structure. This can be achieved by modifying the individual sections of bearing aerodynamic surfaces such as the nose and tail parts.

Solving this problem may make based on the methods of descriptive and analytical geometry, methods of computational aerodynamics, theory of curves and surfaces, interpolation and approximation, computer graphics and mathematical programming.

Scientific novelty of the problem is:

- optimizing exterior shape of the wing transport aircraft to meet the requirements of production technology;

- receiving surface modification techniques of transport aircraft wing to improve transport efficiency;

- shaping algorithm using methods of computational geometry and aerodynamics for modifying transport aircraft wing.

The practical value of the research is to continue to use the results during surface modification of transport aircraft wing, which will improve the flight and technical characteristics and aerodynamic performance, transport and fuel efficiency.

Tovkach S., Shkvar E.
Microelectromechanical SYSTEMS FOR FLOW CONTROL over AIRCRAFT surface
Stability and control of aircraft is determined by the wording of aerodynamic flow surfaces. Microelectromechanical systems (MEMS), including microsensors, microactuators and microprocessors by connecting on one surface, using appropriate algorithms functioning in real time, can create integrated systems and hierarchy of different levels of difficulty to implement them intelligent distributed control adaptive interactive properties of turbulent flow (Fig. 1).


[image: image22.emf]Integrated microsystem

Sensors and 

actuators

Information processing

Physics flow

Control theory


Fig. 1. Integrated microsystem for controlling flows

The definition of the feasibility of the existing technological level today decorated with the idea of creating distributed MEMS elements streamlined surface, sensitive to turbulent disturbance and capable of adaptive braking. It will be the actual subject of research. MEMS are anticipated development of several levels of excellence that will be able to provide:

• not adaptive active control without feedback – based on adapted mode to generate the expected flow surface forming a system of law controlling mechanical effects with desired properties;

• active adaptive control with feedback – based on the implementation of control algorithm that takes into account information from distributed sensors and synthesizes real-time law controlling the formation of mechanical stress;

• evolutionary adaptive active feedback control – based on continuous analysis of the control results using built-in neural networks that implement algorithms for pattern recognition, different levels of signal processing methodology using fuzzy logic, spectral analysis, etc., as well as technology self-algorithm of the system in the course of its work.

This approach opens up new horizons for the creation and practical implementation of new strategy. It is fundamentally interactive control of turbulent flows that is the basis of new set of scientific and engineering tasks for distributed control MEMS-oriented techniques.

Vidiakina K., Chernyak M.

TEMPERATURE TESTING AND CALIBRATION OF ACCELEROMETER UNIT AND ALGORITHMIC COMPENSATION OF TEMPERATURE ERRORS 
Accelerometer unit consists of three navigational linear accelerometers which are mounted on a common basis. The measurement axes are mutually orthogonal. Accelerometer unit is similar to triaxial accelerometer, which measures the acceleration of an object (plane, car etc.).Each of the accelerometers consists of a mechanical linear acceleration sensor and a readout electronic circuit (EC). EC converts the acceleration to the required electrical signal.

The models for output signals, depending on the gravity acceleration projections at the accelerometers measuring axes, and the temperature errors models were created in the graduation project.

Temperature calibration is a process of identification and certification of the model parameters such as zero g offset, gain, cross-axis sensitivity coefficients and zero g offset temperature, temperature gain coefficients in the range of operating temperatures.

The algorithmic compensation of the temperature errors was made in two ways. At first, the mathematical correction method of coefficients for output signals model was applied. The second method is based on calculation of the temperature errors and correction the accelerometers output signals.

The purpose of the experimental work is testing under temperature. Obtained results are post processed, and then checked again the compliance of device defined requirements. Method that was used for testing and calibration is the serial testing turn method. The heat chamber and rotary table were used for positioning and temperature control of the device under test.  Moreover, the measurement setup includes - precision voltmeter, frequency counter, electronic oscilloscope and personal computer for electrical sensing and post processing.

The errors values of measuring the gravity acceleration in test positions (TP1…TP6) are showed at pic.1. At the first graph (pic.1.a) is measurement results under temperature T=+45°C with calibration coefficients (T=+20°C), in another graph (pic.1.b) is showed measurement results under temperature T=+45°C with using the mathematical correction method of coefficients for output signals.
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Pic.1.

Obtained results shows that the measurement accuracy increases in 4-5 times according by employing the algorithmic compensation of temperature errors (with two ranges of the piecewise linear approximation of temperature errors). The accuracy can be further improved by increasing the number of ranges for piecewise linear model or by employing the polynomial model.
Volynets O., Zinchenko D.

ENSURING STABILITY AND CONTROL OF THE AIRCRAFT AT CRITICAL ANGLES OF ATTACK

Flying aircraft at critical angles of attack is dangerous because in certain circumstances (the action of vertical gusts, error in flight crew management, etc.) can cause critical modes such as dumping, autorotation, corkscrew, characterized by deterioration of stability and controllability of the aircraft.


Therefore, constructive solutions that can increase the critical angle of attack, maximum lift coefficient, to improve the effectiveness of controls at high angles of attack will always be relevant.


With years of experience, scientists, engineers invented many constructive solutions that improve stability and handling of the aircraft at high angles of attack. There are baffles, nodules, vortex generators, etc.

The aim of this study is to determine the aerodynamic characteristics of the aircraft layout "wing + fuselage" with combinations of structural controls boundary layer (with the influx vortex, vortex generators with the influx). Comparison of calculation and choosing the best combination, creating guidelines for choosing a geometric shape, size, location to provide the best aerodynamic parameters.


Scientific novelty of my work is developed technique to ensure optimal stability and control characteristics of the airplane at the critical angles of attack at unsteady viscous flow around using structural funds (flows, vortex, vortex generators). The tool to achieve this goal served as a software package PANSYM, which implements Panel-vortex aerodynamic calculation method based aircraft viscosity of the medium. The method is as follows: the surface of the wing panels distributed layers sources and vortices, the intensity of the vortex layer varies linearly along a chord panel and DC intensity layer within the panel. Intensity sources and vortices on opposite sides of the same wing in the same strip panels. Boundary conditions are not performed in the flow control points located in the center of the panel, and the condition Chaplygin - Zhukovskii performed by equating the intensity of the vortex layer on the trailing edge to zero.

Having examined using complex software PANSYM stationary viscous flow layout aircraft "wing + fuselage" with the influx, vortex and vortex generators, we can conclude that the most successful, in terms of aerodynamic performance, structural mix of means to ensure stability and control of the aircraft are maneuvering flows with vortex generators. It can significantly increase the load-bearing properties of the layout, the critical angle of attack, the effectiveness of the controls at high angles of attack. Methodological guidelines and design tools can be used equally well for both unmanned aircraft systems and aircraft of any size and any purpose.

Zakrewskiy A., Kotchenko O.

RC AIRPLANE WITH OWN HANDS 
Recently we have begun to get involved in the design and building the radio control high wing airplanes of classic aerodynamic design with pusher propeller and T-tail. Advantages of this airplane are: the engine is situated behind before the empennage, so it won’t damage in case of its crash. The T-tail also makes it safer to land, because height grass can’t harm the horizontal stabilizer. High aspect ratio wing (AR=7.1) increases aerodynamic efficiency (K=14). The speed is not height (30-45km/h) because of the little weight (2kg), but it can be increased till 100km/h, by increasing the weight till 5kg. The wing is removable, that makes it easier to transport the airplane. Disadvantages are weak strength, because the model is made of foam plastic. 

This development is not our first model. In the previous model there were serious flaws that we were trying to fix. The first and most important goal was to strengthen wing leading edge with the help of fiberglass. Second important task was to modernize of the power set of wings and fuselage. We found the solution by strengthen the fuselage and wing with the carbon tube diameter 12mm instead of spar made of plywood. Such design is simple to manufacture, and at the same time allows to get good flight results.


Therefore, as the purpose of the work we have chosen the creation of RC airplane, which will be made taking into account the errors of the past models.

Production started with the design improvements of the drawing. We chose the wingspan of 1900mm and the weight of 2 kg to rich the most optimal wing load – 50[image: image25.png]Im?



 (1dm = 10cm). With the help of the cutting string we made 8 wing consoles and attached them to each other with the carbon tube and hot glue. This is the cheapest way to produce such kind of the airplane. To reach payload of 1.5 kg I installed the electric motor with the trust of 3 kg. The plane itself weights 1.5 kg also. 

The flight has shown the high stability control of the RC model. It can easily handle width the windy weather (up to 15m/c) and it is very strong. After the first crash nothing has damaged and the airplane was ready to fly without any repair. It can fly near 45 minutes and the next step will be to install the FPV set (First Person View).
Zhdanov D., Zinchenko D.

INFLUENCE OF INFLATABLE WING DEFORMATIONS ON AERODYNAMIC CHARACTERISTICS

There is need of damper effect in wing model of aircraft. Existed low-cost autopilot models don’t guarantee the solution of the stabilization problem at strong wind conditions.


Rigid wing construction has not enough damper effect quality to cope with stabilization problem at strong wind conditions.

On the other hand, inflatable wing construction needs to be strengthened with the additional shaped locking elements. Those elements cause on increasing of aerodynamic drag and decreasing of flight technical characteristic, such as, length of flight and aerodynamic quality
Calculations of influence of inflatable wing deformations on adaptive wing’s aerodynamic characteristics were made.  

Main power components as twisting and bending moments are causing deformation of the wing. The impact of bending moment is prevented by rigid construction of the front edge of the wing. More interesting is the effects of strain caused by torque.

With panel vortex method PANSYM were built computational models of three different types of wing. As results were received a change of dependencies Су(α), Су(Сх), К(α), [image: image27.png]K/\[C)



 (Су) under the influence of strain caused by torque compared with the same dependency without affecting strains.

Overall, physical impact of deformation describes as deflection of rear wing edge in the direction of the vertical axis under the influence of torque caused by the pressure difference between the upper and lower surfaces of the wings as angle of attack increases. This phenomenon causes a decrease in torque, which now seeks to restore the previous position of the rear edge of the wing. This is the effect of adaptability in conditions of turbulent air.


The survey results allow you to design adaptive portable hybrid UAV designs of the carrier surface of aerodynamic scheme "flying wing". These aircraft can be used to perform agricultural work, delivery, military intelligence and others.

Zilinka V., Chmykh V.
MATHEMATICAL AND COMPUTATIONAL ASPECTS OF EFFECTIVE MODELLING OF LEBU TURBULENT FLOW CONTROL STRATEGY
Design and optimization of modern high-speed vehicles requires new methodological solutions and introduction of new technologies of aerodynamic design that are based on mathematical modeling. Optimization of the high-speed transport vehicles design is not effective way of improving their characteristics, but application of new realizations of effective flow control methods can give new advantages and improvements both in aerodynamics and, as a result, in reducing the fuel consumption and harmful emissions into the atmosphere.

One of the most known perspective shear flow control method, directed on destruction of the large-scale turbulent vortices in the outer region of boundary layer, is based on application of small and thin additional surfaces, located in the vicinity of streamlined surface and called Large Eddy Break Up Devices (LEBU). LEBU, being installed on the streamlined surface of the wings, are able to reduce the friction drag up to 5-7%. However, despite the relatively low cost of implementation, further increasing the LEBU productivity is urgent. In addition, currently the aspects of LEBU stability of structural features and flow are not fully studied. Horizontally mounted LEBU modify primarily large scales of lateral turbulent vortical structure. LEBU, installed vertically, work like small fences, limiting movement of turbulent disturbances in the lateral direction and twisting the longitudinal large scale vortices. The experimental equipment and investigated scheme, used by prof. Kornilov V.I. in his experiments (2009) were elaborated for determining the boundary layer properties for a flat surface of the horizontal experimental platform with vertically mounted LEBU. These experiments have been conducted for various values of flow rate sizes of both small vertical plates and distances between them. The experimental results have showed that some successful configurations were able to reduce friction coefficient by 28%. Due to complicity of the physical process of large eddies break up process it was decided to simulate it on the current initial level of consideration with the use of two approaches: 

1) differential SST Menter’s differential model of turbulence in frames of the RANS approach of governing equations system; 

2) Large Eddy Simulation (LES) method. These approaches have been realized on the base of Fluent module of ANSYS software package. 

The aim of this current stage of study is to determine numerically the distribution of skin friction coefficient 𝐶𝑓 over the surface on which the vertical plates are installed and compare it with the Kornilov’s experimental results. Section of flow for this illustration corresponds to the location of LEBU’s trailing edges. These distributions demonstrate the presence of qualitative level of agreement between numerical results and corresponding experimental data. The basic principles of corresponding mathematical models constructing have been discussed. The results of numerical predictions of several types of shear turbulent flows have been declared. The directions of further researches have been determined.

Zorenko A., Virchenko G.

COMPUTER MODELLING OF THE AIRFRAME CONSTRUCTION
For the last 10-15 years developed countries acquired a widespread use of a various unmanned aerial vehicles (UAVs), which practical use is quite multifaceted both for civilian and for military purposes.
However, during the exploitation of these flying machines a number of difficulties had sprang up. Today, usual UAVs require, as a rule, open areas for easy take-off and landing, as well as accelerators and launch tools and often conduct some repairs after parachute landing. Also we need to turn a look upon the limited possibilities of UAV flights in a city and on rough terrain. Now to solve this problems are spending many different resources (material, financial, etc.). Therefore the question of increasing the UAV’s performance characteristics is sufficiently relevant.

With the purpose of successfully solving these problems, was developed a technical design of the UAV with a combination of direct and arched wing. It provides execution of vertical take-off and landing on unprepared terrain, and after take-off can pick up more horizontal flight speed than the other schemes of UAV’s.

By the taking off the wing chord is at 45 degrees to the ground. In this position an engine thrust vector directed along the chord, the lifting force is perpendicular to the wing chord, and the resultant force directed vertically upwards. After take-off an aircraft nose drops and UAV moves in horizontal flight, with the wing chord parallel to the ground. To lower the nose of the aircraft will help an impeller, which fined itself in the tail of compartment. Further control of the aircraft is due to the ailerons, rudders direction and impeller instead of handlebar height.

In the fulfilled research was conducted the aerodynamic calculation of this scheme, which confirmed the expected efficiency of the aircraft. Based on the calculated results was created a power set of UAV’s airframe and a computer model of his design. To determine its parameters was carried out a detailed analysis of existing prototypes with taking into consideration all their existing deficiencies with the purpose of ensuring the greater efficiency of the developing UAV. 

Owing to developing a computer model of the aircraft will be significantly reduced costs for its strength characteristics research. Based on the results of the research will be improved design of aircraft. In the future this will affect the weight UAV, which in turn will increase the flight duration and payload.

The combination of the two methods of calculating power set of direct and arched wing was presented for the first time, since in literature there are only a few calculations for direct and arched wing and for annular insertions around the aerodynamical screw.

Thereafter, the scheme can be realize for the development of UAVs and for employment both of civilian and military purposes in advance unprepared rugged country.
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