
127 February 2015

Two Space Grant Supported Perspectives 

on Research:  A Continuous Trailing Edge 

Flap Design and Automated Landing 

Systems for Unmanned Air Vehicles

Benjamin León

Georgia Tech

GA Space Grant Consortium



Overview

ÅContinuous Trailing Edge Flap Design

ÅBackground

ÅModel Design

ÅElectronics

ÅTests and Results

ÅAutomated Landing System

ÅBackground

ÅSoftware in the Loop Tests

ÅHardware Interface

ÅGround Tests

2
27 February 2015



Aerodynamic Characterization of a 

Continuous Trailing Edge Flap Design
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ÅConventional flap design
ÅUniformly vary wing camber 

to alter lift and drag 

characteristics

ÅContinuous Trailing Edge Flap design (CTEF)
Å There are no óbreaksô in the trailing edge

Å Camber can be varied along the span, along the chord, or a 

combination of both

Å N+3 technology1

CTEF: Background
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Credit: Richardgm
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CTEF: Wing Design

ÅInterchangeable control surfaces

Å6.5 ft. span maximum

ÅAccommodate many servos/electronic components

ÅHigh degree of stiffness

ÅWind tunnel balance limits
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NACA 0015 14.68 in

2.35 in

CTEF: Wing Design

ÅAirfoil

ÅSpan

ÅPlanform/Taper
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Space for wires

Servo slot

Rib

ÅRib shape

ÅBack spar 

compatibility

ÅFoam leading edge

CTEF: Wing Design

Images produced in Autodesk Inventor
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20 independently 
controlled Servos

Hardware considerations:
ÅCompatibility

ÅControl multiple designs

ÅStrength of servos

ArduinoMega 
with Xbeewireless 

communication

CTEF: Electronics
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Fiber Optics

ÅStrain gauge sensing

ÅShape sensing tri-core

ÅIntegrate fibers into the wing 

and tunnel systems

ÅData collection

CTEF: Electronics

Credit: BigRiz
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CTEF: Finger Design
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Å CLmax
= 0.927

Å CD0
= 0.025

Å Error: 9.56% at 

95% confidence 

interval

Å NACA0015

Å 0.9 < Clmax
< 1.44

Å 0.005 < Cd0
< 0.034

CTEF: Data Analysis
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ÅDesign and build objectives met

ÅConventional flap/aileron test as control

ÅTwo and a half days of successful wind tunnel testing

CTEF: Research Outcomes
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Development and Integration of Automated 

Landing Systems for Unmanned Air 

Vehicles
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ÅObjective

ÅDevelop and integrate an automated landing system for the 

Edge 540 aircraft from APM software and hardware

ÅChallenges to overcome

Å9ŘƎŜ рпл ŀƛǊŎǊŀŦǘ ƛƴ ŀ άǎǘŀƴŘ Řƻǿƴέ ǎǘŀǘŜ

ÅTesting the system without an airframe

Auto landing: Overview
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ÅWhat is it?

ÅA standalone software based testing method

ÅHow does it work?

Ground Control

(Setup and Command) 

APM:Plane Simulation

(Autopilot Simulator)

JSBSim Simulation

(Physics Simulator)

FlightGear/X-Plane

(Aircraft Visualization)
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Auto landing: Software in the Loop

(SITL)



ÅSolid understanding of 

hardware abstraction

ÅDifficult to alter or add 

sensor emulation

ÅIndependent of 

hardware used

ÅDozens of simulations 

can be run at once

ÅSafe and reliable
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Auto landing: SITL



ÅSoftware baseline: APM:Plane 3.0.1

ÅHardware used:

Å3DR: Pixhawk, GPS, Telemetry radio, and Optical Flow Sensor

ÅLightWareSF02/F Laser Rangefinder
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Auto landing: Hardware Interface

Credit: 3D Robotics


