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Micro Air Vehicles: Definition • Design Requirements • • • •



No dimension exceeds 15 cm (6 inch) Gross takeoff weight 100 grams Loiter time of 60 minutes Payload capacity of at least 20 grams



• Additional considerations • • • • • •



Minimum mechanical complexity Fully autonomous (out of sight operations) All weather operations Low production cost Rapid deployment Low detection



Hover



Small



Novel



MAV Applications • Military • Surveillance missions (over the hill and confined areas) • Infrared images of battlefields and urban areas (around the corner) • Mine detection in war zone



• Civil • • • • •



Biological/chemical agent detection Agriculture Monitoring Communication Nodes/GPS Traffic monitoring (long endurance) Counter-drug operations



Urban MAV Missions •Monitoring Traffic Flow •Surveillance Imagery



Micro Air Vehicles: Key Drivers!! • Increasing terrorists and Urban warfare threats • Miniaturized Sensors: Availability • Expanded capability of data acquisition, analysis and transmission (IT & wireless technology) • Micro actuators and multifunctional smart materials • Potential for long endurance systems • Low cost systems (can be organic with a soldier) MAV Weight Breakdown Foch (NRL) • Increasing focus on biologically• Airframe ~ 21% inspired flight systems • Engine ~ 11% • Battery ~ 30% • Payload ~ 21% • Avionics etc ~ 17%
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Wing Span or Rotor Diameter [m]
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Aerodynamic Scale Reynolds Number



Inertial Force ρcV = µ Viscous Force



ρ = air density c = chord V = velocity



µ = fluid viscosity



Aerodynamic Environment C-5 Galaxy MAVs Less than 6” 4



10



F/A- 18 Hornet Cessna 150
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MAVs Hummingbird



Adapted from:



Dragonfly
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Gross Weight (lbs)
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MAVs operate in the very low Reynolds number flight regime
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McMichael, J. and Francis, M., 10
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Reynolds Number



“Micro Air Vehicles – Toward a New Dimension in Flight”, DARPA, 1997.



Reynolds Number Effect Max Lift



Max Lift to Drag Ratio



Max Drag



Reynolds Number Effect Reference Reynolds Number Reref=105 Profile Drag Re>105 Cd=Cd0ref Re15000



•Bound circulation •Quasi-Steady mechanisms



MICRO HOVERING AIR VEHICLES • Non-Hovering Vehicles: Fixed-wing based • Hovering Vehicles: Rotor Based



• Single main rotor (with & without tail rotor) • Ducted fan rotor • Co-axial rotor • Tiltrotor, tiltwing, quadrotor, hybrid systems • Revolutionary designs



• Hovering Vehicles: Flapping-Wing Based • Bird-flight based • Insect-flight based (Efficiency at small scale?)



• Hovering Vehicles: Reaction Based (power intensive)



Micro Hovering Air Vehicles: Rotor-Based



MICOR (University of Maryland) 15 cm (6”) dia coaxial 2-bladed rotors



Swashplate controls only lower rotor



Weight~100 g, Payload ~10g 8% camber circular arc airfoils Re.75R ~20,000 Endurance ~ 10 minutes Fixed pitch, variable speed rotors (feedback on lower)



First generation No lateral control



Second generation Lateral control implemented Using swashplate



(Video)



QuickTime™ and a YUV420 codec decompressor are needed to see this picture.



Main rotor



- Two bladed teetering - Pitch flap coupling (δ3 angle of -45°) -Servo paddles



Rotor system Motor



Vanes for anti-torque



Swashplate Control



- Longitudinal - Vertical - Lateral - Pitch - Roll



Rotor diameter 27 cm



Servos



Battery pack



Yaw control surfaces



Vanes (feedback)



- Anti-torque - Yaw control



Electronics



3 micro-servos Receiver, brushless motor controllers



Stabilizer bar



Main rotor



Motor



Anti-torque vanes Protective ring



Weight breakup Component Total Battery (700 mAh Li-Poly) Motor (brushless DC) Electronics Rotor system Swashplate Structure



Weight (gms) % 307 55 58 40 28 20 106



. . . . . . .



100 18 19 13 9 6.5 34.5



QuickTime™ and a YUV420 codec decompressor are needed to see this picture.



Rotor Hover Test Inverted rotor



Hall effect sensor



Thrust load cell



Measurement of Hover Performance: •Thrust •Torque •Rotational speed



FM CT CP



Figure of Merit Torque Sensor



FM = Hover test stand



Ideal Power required to hover Actual Power required to hover



Blade Airfoil Variations Baseline Twisted



Tip-Taper Planform-Taper



Planform-Taper



Camber Distribution



Planform Distribution



Experimental Results FM: Figure of Merit 3500RPM
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Flat plates
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Maximum FM at 4500 RPM is 0.43 with twisted 8% camber blades FM of full scale helicopters ranges from 0.7 to 0.85
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Sharpened Leading-Edge Airfoils 7.0% camber with LE camber



0.55 0.5



• Sharp leading-edge increases FM • Smaller rise in FM for cambered airfoil



Flat plate with sharpened LE 15º
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7.0% camber sharpened LE
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Flat plate



0.2 0.1 0



0



0.04



0.1



CT/σ σ



0.14



0.2



Sharpened LE can improve airfoil performance



Blade Tip Design Improved rotor performance by modifying tip shape 0.7



Prandtl’s Tip
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Thrust/Power of MAV



Higher powerloading at reduced disk loading Planform variation has small effect
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Power Loading [N/W]



Better powerloading curve for cambered blades



Camber FM =.53
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Flow Visualization Strong tip vortices High induced velocities in tip region Vortical shed wake obstruction increases DL and lowers FM



7% camber, 2.75% thickness with sharpened LE D=6” 2-bladed rotor, 3600 RPM, Re=36.8*103 Rotor Plane



Main Vortex



Main Vortex Vortex Sheet



Wake Obstruction



Rotating-Wing MAV Performance Profile Effects



Induced Effects



Better designs may come through careful aerodynamic optimization •Gains may not come through improvements in airfoils alone •Performance goals met through understanding of flow physics •Induced and profile effects have strongly interdependent effects •



Rotor Hover Efficiency Figure of Merit M: Hover Efficiency is defined in terms thrust production per unit input power For present designs: M is less than 0.5 Goal:Increase M over 0.8 Improvement of hover efficiency using duct around the rotor (plus safety protection of rotor)



Shrouded-Rotor Concept Key Design Parameters • Expansion ratio/Diffuser angle – Want this to be as large as possible for best performance



• Inlet lip radius – Incoming flow forms a suction peak on the inlet lip; cause of thrust augmentation



• Blade tip clearance – Proximity of shroud wall reduces strength of blade tip vortices; reduces blade tip losses



Experiment: Model Configurations Electric motor



Test stand



Rotor by itself



Rotor with shroud attached



Rotor inside shroud, not connected to shroud



Experiment: Thrust Ratio vs. Total Power Thrust Coefficient, CT 1.8
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Power Increase lip radius: Increase thrust Decrease tip clearance: Increase thrust
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Diffuser angle: Thrust increases with small angle 
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Development of a MAV--- 

4 Control Law Design. â–« 5 Guidance Law Design. â–« 6 Attitude Determination ..... idea, lateral guidance law can be obtained. Saturation function is used here for ...
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Brigham Young University MAV Team - ero-mav.......all informations 

Sep 1, 2007 - autopilot with navigation sensors, a GPS unit, computer vision hardware, and .... sending navigation commands and tuning PID controller gains.
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MAV Design Integration - ero-mav.......all informations about MAV's 

Small vehicles tend to have problems with penetration into wind coupled with ... â€œStructuralâ€� hydrogen fuel cell powered flight March 2003. AeroVironment Inc ...
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development of autonomous mav - ero-mav.......all informations about 

proven both efficient and successful in the past, UF has developed a 30 cm autonomous. MAV which is capable of ... accurate sensor deployment, followed by a.
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INTEGRATED COMPACTORS COMPACTEURS INTÉGRÉS 

Lock Key Switch when not in use ..... Lock bag in place by pulling the four prepunched holes over ... should be cleaned up by hand, or by using a vacuum.
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MAX333 - Maxim Integrated 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional ...
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XT100 integrated - SONO BOX 

Do not use near water, or place water-filled containers on the X-T100, for example, a flower ... disposed of as normal household waste. ..... unit only, unboxed.
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INTEGRATED FIBER-OPTIC RECEIVERS 

being implemented in integrated form, and smaller systems are becoming .... Temes, Alan Willson, Jack Willis, Jason Woo, and all the students of ICSL. The first ...... Watts. Normally we will consider the signal f t to be a either a current or a volt
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MAX6138 DS - Maxim Integrated 

MAX6138_12. REVERSE VOLTAGE vs. ISHUNT. MAX61438 toc05. ISHUNT (mA). REVERSE VOLTAGE CHANGE (mV). TA = +85Â°C. TA = +25Â°C. TA = -40Â°C.
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Integrated OPLC Laboratory .fr 

either isocratic or gradient elution mode. In addition, the chromatograph allows for ... volume (ca 5mL). In contrast, HPLC is a sequential method in which each ...
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The MAC'07 MAV - ero-mav.......all informations about MAV's for all users 

electric motor and lithium polymer cells. ... integrated piezo-ceramic gyro sensor. .... control system the tilt angle is calculated in such a way that the camera ...










 


[image: alt]





1st US-Euro MAV - ero-mav.......all informations about MAV's for all users 

Systems. 1st US-European Micro Air Vehicle Technology. Demonstration and Assessment. Garmisch-Partenkirchen ... 2 gram electric motor. â€¢ Lithium battery ... Means to control stability and to navigate are non trivial. 8. ..... integrated organism.
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Analog Integrated Circuits - systembus 

General Purpose Boost Converters (For Nonâ€“Isolated Stepâ€“Up Applications) (Can also be configured for Boost, Flyback, Forward). Internal Switch. Part No. Vin.
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Dual 4 ... - Maxim Integrated 

160. ON-RESISTANCE vs. VCOM. (DUAL SUPPLIES). 100. MAX308/9 TOC-01. 0. 20. 40. 60 .... below V+ and 1V above V-, but does not affect the devices' low ...
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Integrated Performance Viewer .fr 

WebSphere. WebSphere. Admin DB. DMZ. Network? Firewall? Database? Hardware? Backend? Application. Design? EJBs? Scaling? Dispatcher? Application.
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Integrated Performance Viewer .fr 

Admin DB. DMZ. EJB. Persistence. HTTP. Client. Trade. JSPs. Joe, in action! EJB. Access Beans. Trade. Database. Profile. CMP. Holding. CMP. Account. CMP.
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Integrated Refrigeration Installation Guide 

Saddle valve. â€¢ Material to protect home, flooring and cabinetry during installation. Column models. Tall and drawer models. RATING. PLATE. RATING. PLATE ...
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INTEGRATED COMPACTORS COMPACTEURS INTÉGRÉS 

Key-Knob (Key-Switch) fully to START and release (on some .... materials or workmanship and is reported to Whirlpool within 30 days from the date of purchase.
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Integrated Production Bundle - Technip 

was manufactured and tested as part of the Demo 2000, an industry sponsored. Joint Industry Programme. Technip's R&D centre based ... awarded to a single Contractor as the result of a design competition. 2010: 2 x IPB risers resting at ... Phone: +33
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Brigham Young University Indoor MAV System 

Sep 21, 2007 - The BYU indoor MAV system is a coaxial helicopter that weighs less ... system that Brigham Young University students have developed for the MAV07 ..... â€œVisual Odometry by Direct Registration for MAV Navigation in GPS-Denied ... http
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linear integrated circuit - Matthieu Benoit 

(top view). Ale OUTPUT. ~~~~iO SUPPLY 2. 1..1: COLLECTOR. J. Q2 BASE. Ql BASE ... see schematic diagram .... ____ '_0_MO~~y~ _____ =r~ 6V. 449. Fig.
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Tech Brief 39 - Maxim Integrated 

DS1270AB. BQ4017MC. DS1270Y. M48Z2M1Y. BQ4017YMC. DS1270W. M48Z2M1V. Tech Brief 39. NV SRAM Cross Reference Table www.maxim-ic.com.
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KU-Loiter MAV with Rotary Wings - ero-mav.......all informations about 

Bae-Soon Kwan, Min-Gyu Chun and Kwang-Joon Yoon. Smart Robot Center in Institute of Intelligent Vehicle & System Tech. Dept. of Aerospace Information ...










 


[image: alt]





Integrated Refrigeration Installation Guide - DOCUMENTOP 

panel thickness when planning the finished opening depth. A minimum 31/2" (89) ..... To remove the filter, rotate counterclockwise one-quarter turn, then pull out.
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