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“The Guide says there is an art to flying", said Ford, "or rather a knack. The knack lies in learning how to throw yourself at the ground and miss.”


Douglas Adams, Life, the Universe and Everything
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Preface



Making new advanced optical measurement techniques that have their roots in wind tunnel or laboratory research applicable to time and cost efficient flight testing seems to be a very long journey. Even if some of these non-intrusive measurement techniques are still standard methods in wind-tunnel testing it has to be demonstrated again, that they are able to deliver reliable measurement results under flight testing conditions. Although optical measurement techniques are beneficial compared to classical sensor measurements in terms of nonintrusiveness, measurement time and areal measurement, the latter techniques are often applied in flight testing for reasons of simplicity.


Therefore, about more or less seven years ago the first EC project “Advanced In-flight Measurement Techniques” (AIM) was launched. Researchers and specialists proofed in general the feasibility of applying their non-intrusive measurement techniques to industrial flight testing. Several flight and ground tests on small aircraft as well as on large transport aircraft and helicopters have been performed successfully. The book “Advanced In-Flight Measurement Techniques” (ISBN 978-3-642-34737-5) published by Springer-Verlag Berlin Heidelberg in 2013, gives a good impression about the achievements of AIM.


After the AIM project the follow up project AIM2 has been started in 2010. It is intent to improve the AIM techniques towards routinely application in flight testing. Therefore, lots of challenges identified within AIM had to be addressed and basic application rules as well as tool boxes had to be developed. This best practise guide will give you a brief overview on the optical measurement techniques such as BOS, FBG, IPCT, IRT, LIDAR and PIV. Furthermore, the book will show you some basics concerning image recording and optics. The manuals in the annex of the book will in addition help you to setup your own digital mock-up and in the case of deformation measurements to create dot pattern required for your measurements. The software can be downloaded under the mentioned links or you just write an email to me to get access to some of the tools.


Before I leave you alone to start exploring the book, I would like to use the opportunity to thank a lot of people from the AIM and AIM2 partner organisations and all other helping hands for their priceless help in making all single tests and finally the projects itself so successful. All involved teams from Airbus, Avia Propeller, Cranfield University, DLR, Eurocopter France, Eurocopter Germany, Evektor, Flughafen Braunschweig, HARDsoft Microprocessor Systems, Moscow Power Engineering Institute (TU), NLR, ONERA, Piaggio Aero Industries and Rzeszow University of Technology did a great job. In addition I would like to thank the European Commission for funding the AIM and AIM2 projects. Every time, it was a pleasure for me to co-ordinate both projects and to be part of these fruitful consortia.


Göttingen, August 2013


Fritz Boden




Abbreviations and Symbols










	
Abbreviation

	Meaning






	2d; 2D

	2-dimensional






	3d; 3D

	3-dimensional






	A/C

	Aircraft






	A/D

	Analogue / Digital






	AIM

	Advanced In-flight Measurement Techniques






	AIM2


	Advanced In-flight Measurement Techniques 2






	AOA

	Angle of Attack






	AOS

	Angle of Sideslip






	AP

	Exit Pupil






	b

	Base Distance between two Cameras






	BNC

	Bayonet Neill Concelman






	BOS

	Background Oriented Schlieren Method






	BTV

	Blade Tip Vortex






	c

	Camera Constant






	CAD

	Computer Aided Design






	CAE

	Computer Aided Engineering






	CAM

	Computer Aided Manufacturing






	
CCD

	Charge Coupled Device






	CCIR

	Comité Consultatif International des Radiocommunication






	CMOS

	Complementary Metal Oxide Semiconductor






	CPU

	Central Processing Unit






	CUDA

	Compute Unified Device Architecture






	CW

	Continuous Wave






	DDS

	Direct Digital Synthesis






	Dl; Dr


	Linear and Radial Distortion






	DLR

	Deutsches Zentrum für Luft- und Raumfahrt (German Aerospace Center)






	DMU

	Digital Mock-Up






	EC

	European Commission






	EIA

	Electronic Industries Alliance






	EP

	Entrance Pupil






	f

	Focal Length






	F

	Focal Point






	f(X;Y)

	Function of X and Y






	F/T

	Flight Test






	FBG

	Fiber Bragg Grating






	FFT

	Fast-Fourier Transformation






	GPS

	Global Positioning System






	GPU

	Graphics Processing Unit






	GUI

	Graphical User Interface






	H

	Horizontal






	
H’

	Principal Point






	HDD

	Hard Disk Drive






	HDTV

	High Definition Television






	IPCT

	Image Pattern Correlation Technique






	IRT

	Infrared Thermography






	K

	Camera Matrix






	K

	Gladstone-Dale Constant






	LE

	Leading Edge






	LED

	Light Emitting Diode






	LIDAR

	Light Detection and Ranging






	LO

	Local Oscillator






	MLE

	Maximum Likelihood Estimator






	MP

	Measurement Data Point






	MPEI

	Moscow Power Engineering Institute (TU)






	n

	Refraction Index






	n

	Variable Number






	Nd:YAG

	Neodymium-doped Yttrium Aluminium Garnet






	NLR

	Nationaal Lucht-en-Ruimtevaarlaboratorium (national Aerospace Laboratory of the Netherlands)






	ONERA

	Office National d’Etudes et de Récherches Aérospatiales (French national Aerospace Laboratory)






	PCB

	Printed Circuit Board






	PCI

	Peripheral Component Interconnect






	PCIe

	PCI Express






	PIV

	Particle Image Velocimetry






	
PL

	Laser Power






	PSP

	Pressure Sensitive Paint






	R

	Rotation Matrix






	RAID

	Redundant Array of Independent Disks






	RAM

	Random Access Memory






	RBT

	Rigid Body Transformation






	ROI

	Region of Interest






	RUT

	Rzeszow University of Technology






	sCMOS

	Scientific CMOS






	SSD

	Solid State Drive






	Sx; Sy


	Scale Factors






	t

	Translation Vector






	TE

	Trailing Edge






	TTL

	Transistor Transistor Logic






	u

	Diameter of the Circle of Fuzziness






	USB

	Universal Serial Bus






	V

	Vertical






	VAC

	Voltage Alternating Current






	VDC

	Voltage Direct Current






	WLAN

	Wireless Local Area Network






	WP

	Work Package






	X; Y; Z

	Cartesian Coordinates






	XOR

	Exclusive Or






	Δ

	Variation






	λ

	Wavelength






	λ

	Factor / Eigenvalue






	ρ

	Density
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Chapter 1 - The Project AIM2



Fritz Boden, Institute of Aerodynamics and Flow Technology, Experimental Methods, German Aerospace Center (DLR), Göttingen, Germany


E-Mail: fritz.boden@dlr.de


1.1. General information about AIM2



By the 1st of October 2010 the EC funded project AIM2 (Advanced In-flight Measurement Techniques 2) was launched as a continuation of the preceding project AIM. The intension of these projects is the further development of new powerful optical measurement techniques towards their routinely application to flight testing. In detail these measurement techniques are:




	Background Oriented Schlieren (BOS) method – using the diffraction of light due to density gradients for measuring density, temperature and velocity fields


	Fiber Bragg Grating (FBG) method – using fibres with FBG to measure surface temperature and pressure and to sense strains


	Image Pattern Correlation Technique (IPCT) – using stochastic pattern on an investigated surface top measure shape, location and deformation of aircraft structures


	Infrared Thermography (IRT) – using the infrared radiation from surfaces to measure surface temperature distribution, flow transition and flow separation


	Light Detection and Ranging (LIDAR) – using the Doppler shift of light waves reflected on aerosols to measure wind velocities


	Particle Image Velocimetry (PIV) – using seeding particles in the flow illuminated by a light sheet to measure instantaneous flow fields





These optical measurement techniques can minimise the installation effort and reduce the testing time as they are able to capture a huge amount of physical quantities within a short time. Whereas AIM proved the principle feasibility of using modern optical wind tunnel measurement techniques for in-flight measurements, AIM2 focuses on developing reliable and easy to use dedicated measurement systems and on defining design and application rules for these new in-flight measurement techniques. The prime objective is to enable aerospace industries to use such mobile measurement systems in future to reduce testing time and costs. Furthermore, design and application rules for the measurement techniques are defined and the knowledge how to apply these modern techniques in an effective way will be provided to interested parties from industry, research organisations, universities, training facilities as well as the authorities by publications on conferences, the project website and dedicated workshops. This book will give a brief overview on the main issues on the AIM2 measurement techniques.


The AIM2 project itself is structured in progressive steps starting with basic studies on challenges discovered in the preceding project, leading to optimised measurement systems to be tested under research conditions and finally to be proven in an industrial environment. To do these steps in an effective way the partnership of AIM2 comprises four partners from aerospace industries, including one SME, three research organisations and three universities with expertise in optical measurement techniques, flight testing and training. As the project intends to work mainly on the improvement and adaptation to the special conditions of in-flight testing of the measurement techniques the main workload of technical work is more on the side of research organisations than industries. However it has been taken care that the involved industrial partners will be able to directly guide the development of the techniques towards the direction most suitable for cost effective industrial flight testing and they will assess the improved measurement techniques with respect to their applicability. Leading partners of the aeronautical industry being potential users of the developed measurement systems that are not part of the project will be invited to training workshops which will substantiate the potential of the techniques. Further information on the project AIM2 is available on the public project website http://aim2.dlr.de/


1.2. Work packages


The project AIM2 is split into 6 main work packages (WP), which are:




	WP 1 Management


	WP 2 Deformation Measurements on Wings and Control Surfaces


	WP 3 Deformation Measurements on Propeller Blades


	WP 4 Surface Flow Measurements


	WP 5 Flow Field Measurements


	WP 6 Tools and Demonstration





1.2.1.WP 1 Management


This is the overall management work package to cope with all the topics relevant for co-ordinating the project, organising the general meetings and disseminate the gathered knowledge by creating a communication platform. Furthermore it is designated to take care on gender issues and financial statements.
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Figure 1-1: Participants of the AIM2 Kick-off meeting






1.2.2.WP 2 Deformation Measurements on Wings and Control Surfaces


This work package contains the improvement of the IPCT and marker based optical deformation techniques for measuring wing and control surface deformations in flight. The installation, the calibration as well as the post-processing of these techniques will be improved. Furthermore, an assessment of the application of IPCT for vibration testing is done. Flight tests are performed by NLR, EVEKTOR and DLR on a Fairchild Metro II and an EVEKTOR VUT 100 Cobra. Furthermore data of ground vibration testing by means of a marker technique on an Airbus A340 are evaluated.


1.2.3.WP 3 Deformation Measurements on Propeller Blades


WP 3 is intended for the improvement of the IPCT and marker based techniques for propeller deformation measurements. Beside the improvement of the calibration and post-processing, a special rotating camera is developed to enable 360° propeller blade observation. The stereo camera is mounted on the propeller hub of the EVEKTOR VUT100 Cobra used in WP 2 and flight tested by EVEKTOR, Avia Propeller and DLR.


1.2.4.WP 4 Surface Flow Measurements


In WP 4 FBG and unsteady IRT are further developed. FBG are improved towards in-flight surface pressure measurements and local strain measurements. IRT is applied to transition and shock detection. Furthermore the usage of mirror techniques for IRT is investigated. The FBG sensors are flight tested by Cranfield University on a Scottish Aviation Bulldog including several wind-tunnel and laboratory tests. The IRT flight test is performed on a PW-6 glider by RUT and DLR.


1.2.5. WP 5 Flow Field Measurements


This work package comprises the further development to enhance the optical measurement techniques BOS and PIV for in-flight flow field measurements. This is mainly done by DLR and Cranfield University. Whilst the BOS is mainly investigated in a numerical feasibility study, the in-flight PIV application is performed on the DLRs Dornier Do-228 aircraft.
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Figure 1-2: Impressions of the in-flight PIV measurements (left - clouds act as natural seeding, right - camera installation in the aircraft cabin)





Another measurement technique in this work package is the LIDAR method that will be improved for standard FTI calibration procedures and airspeed measurements. Therefore, a special Lidar sensor is developed for a flight test on a Piaggio P.180. The development and testing is performed by ONERA and Piaggio Aero Industries.


1.2.6.WP 6 Tools and Demonstration


As its name implies, work package 6 comprises the development of useful tools to perform optical measurements and the creation of an application matrix for “non-experienced” users to set up their own advanced in-flight measurements.
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