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Context and problem

¥ Previous PhD thesis: “Handling Qualities resolution for Blended-Wing
Body” (Saucez, 2013) at the Future Projects Office in Airbus, Toulouse and
ISAE-Supaero

¥» Flying Wing configuration very promising
» Handling qualities were a major challenge and not deeply studied yet

»Initial configuration:

Engines, over inner
wing

Fuel Tanks

Roll and yaw control
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Context and problem

¥ Previous PhD thesis: “Handling Qualities resolution for Blended-Wing
Body” (Saucez, 2013) at the Future Projects Office in Airbus, Toulouse and
ISAE-Supaero

¥» Flying Wing configuration very promising
» Handling qualities were a major challenge and not deeply studied yet

»Initial configuration:

» PhD conclusions:
Engines, over inner

s » No major showstopper

Fuel Tanks

concerning Handling qualities
‘ [ﬂ ] ¥ Vertical surfaces needed
——— /

» Multicontrol surfaces necessary

Roll and yaw control

» Active control mandatory

AIRBUS
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Context and problem

* Focus on the need for active stabilisation

Reverse Longitudinal Stability
/
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Natural Aircraft
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April 2nd 2014

Context and problem

* Focus on the need for active stabilisation

Reverse Longitudinal Stability Reverse Longitudinal Stability

Control
laws
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Natural Aircraft Augmented Aircraft

* Consequences of the active stabilization:
—High-rate control surfaces

create large secondary power demand

* Cost of instability on A/C design

@ AIRBUS
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How unstable is the flying wing? Longitudinal modes

imagi Asis

"~ Oscillation

périodique [

f  Oscillation . |
OSfWM d'lnCIdenCe

dincidence ./

: \.\ E L

« Max instability: 1,25 rad/s @ Mlight & low Mach

« Impact on actuators Bandwidth? Optimal actuators sizing?
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2. Integrated Design and Control
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Control Problem Setup

* Aircraft Model:

S
— oa
* Longitudinal Model, 4 states X =

60

* 11 Controls

o«
* Measures for control: Y = | dq

60

=, Ji

LDQ1

RDQ1
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Standard form for H2/He control

* Standard form:

Zin,

2 2
] +2iu;s+w >

Weighting Function
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Standard form for H2/He control

* Standard form:

Zin,

2 2
] +2iu;s+w >

Weighting Function

* H2/H~ control problem: II}}D HTw—>u||2

subject to: || T3z, |lo < ¥
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Standard form for H2/He control

* Standard form:

Zin,

2 2
] +2iu;s+w >

Weighting Function

* H2/H~ control problem: II}}D ”Tw—m”Z

subject to: || 1oz, llo < ¥

* Weighting function on pitch acceleration:

Bode Diagram
%0 T T T T T T

L=

hagnitude (dB)

'
on
(=
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Controller structure

* Static 11x3 State-feedback

* Linear Control Allocation is performed by the compensator
* Allocation strategy is given by the optimisation

* How to mix Nonlinear Control Allocation (ie including saturations) with structured
controller is an open question for us
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Co-design approach

* Co-design:
* Meaningful physical parameters are considered as controller parameters

* Physical parameters are optimised in the controller synthesis

* Example: in (Alazard et al., 2013), a delay accounting for sensor quality is
optimised conjointly with an attitude controller

AIRBUS



Co-design approach

* Co-design:
* Meaningful physical parameters are considered as controller parameters

* Physical parameters are optimised in the controller synthesis

* Example: in (Alazard et al., 2013), a delay accounting for sensor quality is
optimised conjointly with an attitude controller

* In litterature:

* Integrated design and control (also known as plant-controller optimization) was
performed using LMI framework (Niewhoener et al., 1995)

* Full-order controllers
* Handling Qualities requirements hardly translated into He constraints

* Adress this problem using nonsmooth optimization tools for structured controllers
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Co-design approach

* Parametrized first-order bandwidth: Jact (s) = @ ci=1..11

Uact W; 1§
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Co-design approach

* Parametrized first-order bandwidth: Jact (s) = @ ci=1..11

Uact W; + S

* Closed-loop model for synthesis:

32+2£ws+m2 L » Zin
w [ 32

Actuators p .
—» Tty —P Yact

Pseudo-derivation
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Co-design approach

* Parametrized first-order bandwidth: Jact (s) = @ ci=1..11

Uact W; + S

* Closed-loop model for synthesis:

32+2£ws+w2 L » Zin
w [ 32
Weighting Function
Uqet 2 - Yact = U 0 & &

Actuators p .
—_— Tty P Yact

Pseudo-derivation

L min max {W||1, 2, W3 || T, act |12
* New optimization problem: K.Q Wl Tosulla: Wa Ty 23

subject to: ||Tw%Zinf||°° <7, 0<Q<Q
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Systune

* Why using Systune?

* Allows for mixed H2/H« synthesis and multiobjective optimization.
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Systune

* Why using Systune?
* Allows for mixed H2/H« synthesis and multiobjective optimization.

* Allows for structured parameters for the controller and physical parameters;
bounds on these variables are easily applicable
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Systune

* Why using Systune?
* Allows for mixed H2/H« synthesis and multiobjective optimization.

* Allows for structured parameters for the controller and physical parameters;
bounds on these variables are easily applicable

* Directly specifying closed-loop structure and tunable blocks. Single Simulink
model for linear synthesis and nonlinear simulation.

* Variety of constraints: He but also pole placement constraints: more applicable
for Handling Qualities purpose
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First results

* Frequency-domain response of
Twozins (blue) and W =1 (yellow)
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First results

* Frequency-domain response of
Twozins (blue) and W =1 (yellow)

gquinemenl 1- Mamum gain 38 a function of Fequency

| Tw—ull2 = 1.38

* Comparison: ||T,,—|l, = 0.6 for LQ
minimal energy control

* IT,y—ull, = 1.26 for mixed H2/Heo
control with infinite bandwidth
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First results

* Frequency-domain response of
Twozins (blue) and W =1 (yellow)

gquinemenl 1- Mamum gain 38 a function of Fequency

Controller:

20

K, = 05816 1.1211 6.0981 LDQI
1.3919 2.2578 14.5759 LDQ2
1.0279 1.7584 10.5422 LDQ3
0.9229 1.6367 10.0334 LDO4

_______________________ | 0.2329 0.3630 1.5500 LDQ5

. 0.5824 1.1203 6.0976 RDQI

1 1.3904 22612 14.5797 RDQ?2

AHTIE i 1.0262 1.7594 10.5529 RDQ3

e : : 0.9235 1.6349 10.0309 RDO4

0.2287 0.3664 1.5525 RDQS
| Tw—u|l2 = 1.38 -0.0017 0.0028 0.0021 DR
o q 0

* Comparison: ||T,,—|l, = 0.6 for LQ
minimal energy control

* IT,y—ull, = 1.26 for mixed H2/Heo
control with infinite bandwidth
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Co-design first results

50 T T I

-Ac'tmtm bandwidth
B Contral surface pitch efficiency

Rudder

i
1 2 3 4 5 6 7 8 9 10 11
Control surfaces
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3. Way forward
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Way forward

* Control surfaces size parametrization and aero model calculation

e B
gl —E—E—E— k"

Paths Read Aero Ref  Geometry Ref  Calculator! AerodHG_Ref Deltas Fonction_distr- Geometry_Tradefero4HQ_Trade  Calibration
ibution

2D Sketcher e N AVL Mesh

Reference Aircraft
{ Geometry & Aerodynamics

e - N
Project Aircraft AVL Project Aircraft
‘ Calibrated Ae: ma’ynamz(s‘ + —hmdynamw Calculation Geometry i
I _ ~ ~ Tmpact on:
| . o
Yo ________Aircraft Sizing Process ¢ | e Actuator mass
e Energy consump-
tion
Actuators semi-empirical
models
—— Control Law synthesis W T
‘ e Control law parameters

o Actuators activity
Specifications on control law:

o Perturbation rejection e Hinge moments

e Minimal damping



Way forward

* LFT form of the parametrized aerodynamic model

* Co-design on the LFT form for control surfaces sizing
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Way forward

* LFT form of the parametrized aerodynamic model
* Co-design on the LFT form for control surfaces sizing

* Pole placement constraints
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Way forward

* LFT form of the parametrized aerodynamic model
* Co-design on the LFT form for control surfaces sizing
* Pole placement constraints

* More physical criterion: mass / energy minimization through actuators mass
models
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Thank you for your attention

Questions?

AIRBUS



Annexes
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Simulink

Band-Limited
White Noise

Ground Manual Switch Dryden filter

w
u_act y act 11
I 11 y_act

actuator Aircraft Model

®'=Ax+Bu |11
11| ¥ =Cx+Du y_act_d

pseudo_derivation Scoped

11<
K

w zinf
Weighting function
(s 1
g_dot

Aircraft model
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Context and problem

* Focus on the need for multicontrol

—4—Cm Cl diagram

FlO" ClICm diagram O hard landing
Cl = f(Cm), Trailing Edge control surfaces 4 kiss_landing
0.5  Xwind
0.45 * roll AEO Vdeuxmin
i Roll function on all elevators \ o Il AEOVFTO
Pitch function on all elevators 0.4
Bonus given by - + ol AEO VLS
multicontrol allocation_._ 0.35 = stall bwd
) \\ ~ stall fud
oal_— /N N _o tim glide bwd
I+ & tim to fwd
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4 | \ tim tum approach
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Multicontrol mandatory or not.

= Internship on multicontrol allocation
= Developement of a control allocation module

— @ AIRBUS
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Control allocation: Attainable Moments Subset

d| b =
LbQ1 RDQ1
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Control allocation for multicontrol surfaces - EIXOG - Ref. PR1316811 - Issue 1Use Tab 'Insert - Header & Footer' for Presentation Title - Siglum - Reference

Direct control allocation

* Calculation of the intersection facet

Intersection

(max max)
M withthe

(min min)

Mmi

| I U T TN NI T B |
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