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INTRODUCTION

* lLaboratory of New Concepts in Aeronautics, from the Aerospace
Engineering Division - ITA (www.Inca.ita.br).

— Currently LNCA is formed by a multidisciplinary team of professors,
researchers, undergraduate and graduate students from ITA.

* As a companion research project “Methods for
sub-scaled demonstrator and control law testing
MSDEMOQO" is an ongoing initiative from LiU,
funded by the Swedish research and
development fostering agency Vinnova " and
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Team

Prof. Roberto Gil Annes da Silva

Prof. Dr. Peter Krus is participating in the project as a
mentor and senior advisor from University of Linkoping
and also holder of the SAAB Chair at ITA.

Prof. David Lundstrom from University of Linkdping

Dr. Christopher Jouannet from SAAB as mentor of
innovation and technological applications

Prof. Luiz Carlos Sandoval Goes
Prof. Jose Manoel Balthazar
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Motivation

 Dynamically Scaled models are aircraft on a reduced scale, with
the same geometries of the actual model and the scale factor
properly applied to its mass and inertia characteristics. This model
should perform a free flight or radio controlled so that it is
possible to identify the model stability derivatives from the
measurements.

 The instrumentation of this type of testing system was very
robust, heavy and expensive. However, with the advent of
electronics and control systems, the in-flight dynamic testing
technique of sub scaled model becomes a technological, safe and
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Obijective of the project

* The Generic Future Fighter (GFF) - University of
Linkoping is an example on the development of
methods for subscale demonstrators through
testing of new aircraft design concepts, and
development of potential methodologies for
validation of flight control laws besides
aerodynamically challenging configurations
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Historical review - Modeling Flight

* Trends of today: MODELING FLIGHT : The Role of
Dynamically Scaled Free-Flight Models in Support
of NASA’s Aerospace Programs : Joseph R.
Chambers, NASA SP 2009-575
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Subscaling methodology

* The application of the similarity criteria can be
widely used in reduced scale wind tunnel model
tests. From these tests, one can construct a
database of aerodynamic parameters, from static
or dynamic nature, depending on the measuring
device employed

* The wind tunnel static test is conventional, while
the dynamic is usually more complex and

restrictive. The use of remotely plloted aircraft, on
he other han le th ntifi n of
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Scaling factors for Incompressible flow

Source: Chambers, 2010 — Modeling flight; NASA SP 2009-575,
www.nasa.gov/pdf/483000main_ModelingFlight.pdf

SCALE FACTOR

Linear dimension n

Relative density (m/pF) 1

Froude number (\V?/ig) 1

Angle of attack 1

Linear acceleration 1

Weight, mass n‘lo

Moment of inertia n*lo

Linear velocity nz

Angular velocity 1/ n2

Time n'?

Reynolds number (VI/V) n'sviv,
Scale factors for rigid dynamic models tested at sea level. Multiply full-scale values by the indicated scale factors to determine model
values, where n is the ratio of model-to-full-scale dimensions, o is the ratio of air density to that at sea level (p/p,), and v is the value
of kinematic viscosity.
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Present approach

* The objective of this project is to develop a ground and
flight test methodology for geometric and dynamically
scaled aircraft, respectively.

* The ground tests are specifically the wind tunnel tests. The
linear and nonlinear aerodynamic models will be validated
and identified, respectively, by specifying a test matrix
including high angles of attack

* From the high angle of attack conditions the nonlinear

aerodynamic model should be identified providing data for
a nonlinear flight mechanics model upgrade.

e At the end the in-flight measured dynamics behavior and




1) Aerodynamic modeling of the RPVs using
potential based panel methods to estimate
the same longitudinal static derivatives of
the vehicles;

2) Validation of linear aerodynamic models
through wind tunnel testing for the full
scale RPVs

— lift and moment coefficients
derivatives as a function of aircraft
angles of attack.

3) Development of longitudinal linear
dynamic model of the RPVs for aircraft
flight quality performance quantification.

4) Static lift and moment coefficients as a
function of the angle of attack in non-linear
longitudinal flight regime - high angles of
attack by wind-tunnel testing.

5) Dynamic model update by introducing
nonlinearities in high angle of attack as lift
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6) Preparation of test campaign and risk
management plan based on results of
linear and nonlinear flight dynamics
simulations;

7) Instrumentation of the RPVs for flight
testing to identify the same derivatives as a
function of angle of attack in linear and
nonlinear flight conditions.

8) Flight quality testing and identification
of the longitudinal stability derivatives for
the RPVs;

9) Filtering and dynamic data reduction
collected during the flight test campaign;

10) Theoretical and experimental
comparison with flight dynamics simulated
linear model the RPVs;

11) Experimental theoretical comparison
with nonlinear flight dynamics simulated
model of the RPVs.




W Tasks

1) Aerodynamic modeling of the RPVs using
potential based panel methods to estimate
the same longitudinal static derivatives of
the vehicles;

e 2)Validation of linear aerodynamic models
through wind tunnel testing for the full
scale RPVs

— lift and moment coefficients
derivatives as a function of aircraft
angles of attack.

* 3) Development of longitudinal linear
dynamic model of the RPVs for aircraft
flight quality performance quantification.

* 4) Static lift and moment coefficients as a
function of the angle of attack in non-linear
longitudinal flight regime - high angles of
attack by wind-tunnel testing.

* 5) Dynamic model update by introducing
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6) Preparation of test campaign and risk
management plan based on results of
linear and nonlinear flight dynamics
simulations;

7) Instrumentation of the RPVs for flight
testing to identify the same derivatives as a
function of angle of attack in linear and
nonlinear flight conditions.

8) Flight quality testing and identification
of the longitudinal stability derivatives for
the RPVs;

9) Filtering and dynamic data reduction
collected during the flight test campaign;

10) Theoretical and experimental
comparison with flight dynamics simulated
linear model the RPVs;

11) Experimental theoretical comparison
with nonlinear flight dynamics simulated
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e BAe Hawk — RPV
e Liu-GFF-RPV
ITA - BWB - RPV
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of the shelf Airmodel Ppattinson et al. 2013

 Known by its flat spin recovery capability

e Available data in the literature for full
scale to subscale a/c;

JOURNAL OF AIRCRAFT
Vol. 50, No. 6, November-December 2013

Investigation of Poststall Pitch Oscillations of an
Aircraft Wind-Tunnel Model

J. Pattinson® and M. H. Lowenberg'
University of Bristol, Bristol, BS8 1TR England, United Kingdom
and
M. G. Goman* " ) - - ”
De Montfort University, Leicester, LE1 9BH England, United Kingdom A= / Wing aerodynamic centre
12

Center of
DOI: 10.2514/1.C032184

gravity

Fig.6 Location of Hawk model wing and tailplane aerodynamic centers
relative to center of gravity.




LiU GFF-RPV

MSDEMO project: investigates
methods for subscale flight testing and

demonstration,

It is a subset of a larger initiative
regarding Future Aircraft Design and
Demonstration (FADEMO)

project as a whole is focusing on the
following topics:

— Possibilities and limitations of subscale
demonstrators in aircraft development,

— Dynamic scaling for development of control
laws for unconventional configurations,

— Scaling methods depending on the issues to
be addressed and the associated cost,

—  Flight testing methods, repeatability and
uncertainty issues,

® Alphavane

® Betavane © OSD + video recorder

© Camera ® Pitot tube + Termometer
® Voltage + current sensor ® Radio control link receiver

® Flight controller/data logger (+ 2xIMU + baro.) () Servo actuator

© GPS module + magnetometer @ Telemetry modem

© Logger LiPo battery @ Thrust vectoring system
® Jetengine

1ICEOD 206 ——

SUBSCALE FLIGHT TESTING OF A GENERIC FIGHTER
AIRCRAFT

@ Auxiliar gyroscope sensor

David Lundstrém* , Alejandro Sobron* , Petter Krus* , Christopher Jouannet** ,
*Linkoping University, Linkoping, Sweden
**Saab AB, Sweden

#==xnstituto Tecnologico de Aeronautica, Sio José dos Campos, Brazil

Keywords: subscale, free flight test, demonstrator, data acquisition
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% research vehicle g o "

* Inspired in a different sort of vehicles;

- :
Size Comparison of 747 vs. BWB
BWB: 747-400:
289 ft. span 222 ft. span A
823,000 Ibs 873,000 Ibs n’ﬁ

http://www.twitt.org/Slide5a.j http://www.wingco.com/bwb_jeb profiles.htm

* Master thesis under development at ITA (Monteiro, D. M.);
#
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o BWB concept INCA- =

Nasa BWB - from static WT tests to subscale flight
http://www.nasa.gov/centers/langley/news/factsheets/FS-2003-11-81-LaRC.html

http://www.nasa.gov/centers/langley/news/
researchernews/rn _bwbsmithsonian.html
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5 Numerical modeling = #

Concept ITA - BWB vehicle
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Preliminary Subscale model

e (Qualitative flight handling test — prop-
pusher “foamy” model

— CNC machined P3 foam model;

— Electric brushless motor;

— Open loop remote control system;
— Handling and static stability;

— Same size / different mass of the
composite material EDF driven model:
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XFRLS5 “wing only"

Tornado VLM
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wind tunnel — TAZ - |AE

e Subsonic wind tunnel

e 10X7ft(3X2,1m)

* Measurement range:
 Speed:5,0a127,0 m/s.

e Aerodynamic forces: 8.000 a
16.000 N.

* Aerodynamic moment: + 1.650 Nm

* Uncertainty:
* Speed: £0,2%.
e Aerodynamic forces: + 0,2%.




LNCA- ...

of new concepts
get into new ideas in aeronautics

Aerodynamic Tare - Concept
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Preliminary results "

e Lift Coefficient— without tare correction

Lift Coefficient X Alpha
CLxa

(CL)

10 15 20 25 30

A (degrees)
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Red — TORNADO-VLM, blue 20m/s, black 40 m/s, green XFRL5-VLM

Lift Coefficient X Alpha
CLxa

15 20 25

A (degrees)
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Preliminary results

 Drag — without tare correction

Drag coefficient X alpha
CDxa

0,45
0,4

W ( (degrees)

-10 -5 0 5 10 15 20 25 30
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Preliminary results

* Drag Polar — without tare correction

Drag Polar
CLxCD

0,6

5 01 015 02 025 03 035 04
(CD)
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* Aerodynamic tare

e Moment coefficient

possible cause to CL an
CD shift

* Trend curves behave in

good agreement in
terms of trend lines;

Hi AoA discarded in
numerical analysis;

Numerical model
improvement to take

require special care on
data reduction since it
IS more sensitive to
interference effects

Mechanical
restrictions / structural
limits avoid evolving to
higher AoA

* Flow speed instead of
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y = -1E-08x® + 1E-06x° - 2E-05x* + 0,0001x3 + 0,0008x? + 0,0509x + 0,0148

R? =0,99863
1 y =4E-06x* - 0,0002x* + 0,0001x? + 0,0614x + 0,0782
R? = 0,99899
0,8
0,6

0,4

(CL)

blue 20m/s , black 40 m/s

10 15 20 25 30

A (degrees)
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Comments — nonlinear aerodynamics

* Nonlinear global aerodynamic model for higher speed is of six
order and does not capture well the primary vortex lift
mechanism;

* [sit necessary a higher order polynomial — flight dynamic (FD)
updated model against flight test data shall answer this question;

* Global nonlinear aerodynamic models are often used in FD;

C, = ¢1 + coar + c3a? + 405 + c5a® + cgads + crads Morales, Mauricio Andrés Varela
‘ ) 5 . Equagées de movimento para o estudo de manobras étimas com modelos aerodinamicos globais
+csM + (co + croa + cr1a” + cipa” + cza” + cuM ¢ método indireto / Mauricio Andrés Varela Morales.
tepaM + c16a2M)(q5/2V) + (c1r + c150)dn Sao José dos Campos, 2016.

+(c19 + coocx + ca1 M + 022a2)6f

» Still necessary to find out the best cost benefit for nonlinear FD

JOURNAL OF GUIDANCE, CONTROL, AND DYNAMICS

and ContrOI System deSign: Vol. 24, No. 1, January-February 2001

Analysis of Longitudinal Flight Dynamics:
A Bifurcation-Theoretic Approach

Der-Cherng Liaw* and Chau-Chung Song’
National Chiao Tung University, Hsinchu 30010, Taiwan, Republic of China

11/10/16 Prof. Roberto Gil
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FLIGHT DYNAMICS APPLICATION

* Rigid body aircraft, 6 DOF nonlinear equations of motion

* We are interested in flights at high angles of attack: modern
high-performance aircrafts are usually required to have
improved maneuver capabilities.

 We work with a nonlinear model to represent the aircraft:
X =f(X,U,W)

States < s Disturbances

Control
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6 DoF High angles of
attack

Nonlinear aerodynamics

Nonlinear dynamics

Nonlinear phenomena

Stability analysis

Control design
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Aircraft model

o 0

States Linear velocities ,—> Attitude
A= lu&ﬁ&W&‘,&:;& &O&WEXIN &xLE &xiD &u&A |TT
> Angular velocities > Position
e Observations
S Angle of attack : Acceleration

Y=[WVIT &a&L&yE&p&q&r&d& & WEalx &aly &alz &h&u&A |TT

|—> Velocity |—> Climb angle |—> Altitude
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* |n flights at high angles of attack, the lift coefficient cannot be
represented as a linear function of angle of attack and therefore
nonlinear aerodynamic terms should be taken into

consideration.
* Cubic approximations are found in the literature.

Lift coefficient

o
LS

e

0,5322x3 - 5,0735x? + 3,4781x + 0,0995

<
]

CL
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Control design

* Loop shaping: robust control method

 The goal is to shape the closed-loop transfer function so as to minimize a
HJ == index according to the design requirements

* Frequency domain specifications are selected for disturbance attenuation.
* Longitudinal autopilot design tracks velocity (lag compensator) and climb

angle (proportional-integral controller + lead compensator). SAS is a
proportional controller wrt g and 6.
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Y
INPUTS
30 P VTC u_long OUTPUTS
— VTc P»{ gammac
AP Longitudinal P»{ u_long
Step depg - > Y
] N e Y
[0;0]
Step! ° "
tep -
rcl Aircraft Model
> Y Terminator
Ap Lat Dir
Throttle command
num(s)
ev | den(s dtc
Lag »
u_long
INPUTS: (D OUTPUTS
Y Control inputs: throttle and elevator
gamma —
velocity
num(s)
Pl(s) P um(s) *,
egamma den(s) - dec
Pl_gamma Lead

Elevator command

gamma

Lateral autopilot

q_th =

KSAS

SAS
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* High angle of attack maneuver: steep ramp to reach a
reference altitude
* Input: Climb angle y

60 T T T T T T

Reference
Response

50

40

30

20

~ [graus]

10

T
—
——
|

0

-10

-20

-30

0
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* The aircraft is recovered from high angles of attack

High angle of attack

25 . 11 / T . u u T |

20

15 7

10 .

a [degrees]
o (&)}
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Next Steps — BWB final assembly and instrumentation

B W B I . INFUTS PROCESSING LOGGER
* ropulsion system O o T
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Preliminary developments * Finep/Vinnova Funding:
aiming the application to — Brazilian GFF airframe
LiU GFF subcale ground and construction, systems and

ﬂight testing activities instrumentation acquisition

— Wind tunnel testing at IAE-
TA2 wind tunnel;

— Fight test in Brazil;

— Wind tunnel testing full scal
GFF means the flying subscale
model

— Support for joint activity
between LiU /ITA and EESC-
USP

Partnership with Brazilian

— Interlaboratorial
experimention;

— Different control systems
design approch;
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* The reference altitude was successfully reached.

2000 - - - T T T

Reference
Response

60




