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LTDS':' Context and Issues

La rupture technologique en aéronautique :
— Enjeux pour I'industrie aéronautique civile portent sur le développement
d’avions majoritairement composites, avec une perspective de production

de pres de 15000 nouveaux appareils d’ici 2020
— Développement de nouvelles technologies aéronautiques ‘vertes’ (Wings

Shaping,...) pour améliorer |'efficacité aérodynamique, diminuer les
émissions de CO, (5-15%), réduire les bruits ....

Boeing 787 DreamLiner tout composite

Clean Sky , DREAM EU Project s, X-noise, AIAA’s Emerging Technologies Committee (ETC) J [

~

« Green » Aerospace technologies— structural
weight reduction

(decrease CO, emission (5-15%), noise control....)
Intensified dynamical environnement

Fatigue and damage : security
Stability problem
Adapted design methodologies

FR & EC research strategies, Clean Sky , DREAM EU Project s, AIAA’s Emerging
Technologies Committee (ETC) ...




Context and Issues

~

New Integrated functionalities

e Active Vibration Control -AVC-

e Active Noise Control -ANC-

e Structural Health Monitoring -SHM-
 NDE, PHM

e Shape Control

e Mechatronic

* Energy harvesting/scavenging

/
4
T Meyer et al.: Advanced Microsystems for Automotive Applications 2009 - Smart Systems
for Safety, Sustainability and Comfort, Springer 2009
L

.3 . s
."A . - “.'2.";- B
Control ‘ i b -:."!

Systemns

Control

Electronics

Electronic
Systems

Mechanical
Systems



http://en.wikipedia.org/wiki/Rensselaer_Polytechnic_Institute

LTQS’ Context and Issues

Morphing....

a.
\g Figure 8: a. Variable Geometry Chevron Thrust Reverser Sleeve mounted on GE90-115B engine; insert shows the cover removed/
and 60-Nitinol flexure actuators, b. 777-300ER flight test of VGCs.

( )

Conformal

«— bulkheads

Actuator

Passive Torque
Tube

Figure 4: a) Rotor blade system showing placement of actuator system (red region) at base of rotor, b) schematic of actuator
system, including antagonistic actuators (blue and yellow), passive torque tube (purple), and strain energy shuttle (SES) [12].

[ NASA : OVERVIEW OF BOEING'S SHAPE MEMORY ALLOY BASED MORPHING AEROSTRUCTURES SMASIS 2008 ]



https://www.youtube.com/watch?feature=player_detailpage&v=QYp9rIJRM8s
https://www.youtube.com/watch?feature=player_detailpage&v=QYp9rIJRM8s

Context and Issues

srwmre de Tiiedey e of Owras g b Syodrmen

Individuelle Bremskraft-
verteilung durch SBC

Individual-wheel braking
force metering by SBC

Sensotronic Brake Control - Hohere Fahr it beim Bi in der Kurve
Sensotronic Brake Control - Greater safety when braking on bends

Gleiche Bremskeifte
an den kurveninneren

und kurvenduBeren
Radern

Equal braking force
a1t the wheels on the

inside and outside
of the curve during
cornering

1,3 Sekunden
\ nach Bremsbeginn

1,3 seconds
after start of braking

0,4 Sekunden
nach Bremsbeginn

Bremskraft
| | Braking force 0,4 seconds after start

of braking.

Seitenkraft
Lateral force

CaieaIChey s press phot CZ00CCOLIES

T /\ engine
'\/ \/ vibration

Passive mount T . . primary
A disturbarce
remaining
A signal
— canceliation
farce

Inertia-mass
shaler

Vibrations

Figure 1: Schematic representation of an AVC system.

Suspensions Actives

U




LTDS’ Context and Issues

Morphing

Aerodynamic

PakWheels'com /



http://www.wsj.com/video/the-mercedes-concept-car-that-morphs-on-the-move/B3CA86BE-8EDD-47F7-8350-2003A8BBBD31.html
http://www.wsj.com/video/the-mercedes-concept-car-that-morphs-on-the-move/B3CA86BE-8EDD-47F7-8350-2003A8BBBD31.html
https://www.youtube.com/watch?v=kTYiEkQYhWY
https://www.youtube.com/watch?v=kTYiEkQYhWY

ANC / AVC Strategies

~

5-Axis
o
(4l SteadyShot
"TNSTOE"

: : : : — sans contrle :
—— avec contrle :

A spillcver : :
Opposite Signal cn gl B0 e e T P . N
Reduces Noise * v

y

Amplitude (dB)
8

w——————— att@nuation

_60 ; ; ; P P ; ;
100 150 200 250 300 350 400 450 500
(Frf?ﬂnuﬁ-hﬂﬁ- H=1

Collocated Active Damping [Monnier, JSCHM, 2001])
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( Broadband control using active-skin and structural acoustic sensing [Fuller, JASA, 2000] /
L




From Structural Control to Material

Programming

Classical approaches of ANC or AVC is difficult to apply into real fully distributed applications :

* Technological and Numerical complexity

* Difficulties for integrating such technology into the Design Process (
(Robustness/Performances)

* Energy Cost

Necessity to propose a new approach ....

Synthesis of generalized Impedance operator using distributed

(low cost, low energy) individual (communicating) cells

Adaptive
Metacomposite

Dissipated/Harvested
energy inside the

inte rfaci/&

Incident
energy/_z/\

0

-

i
I ; I Distributed Control

Fea:t
NN

Metacomposites:

Synthesis of functional
constitutive laws inside
hybrid composite
material by using
distributed sets of
smart cells

S

ransmitted
energy

energy

N

Scale of interest:
mm -> few cm




-y

- .

[ Research in Programmable Matter Directed by Carnegie

Mellon and Intel

Morpheus Lab Univ Maryland



../../../../CoursDS/CoursControle/ECL/carDesign_12_vo_H264.mov
../../../../CoursDS/CoursControle/ECL/carDesign_12_vo_H264.mov
https://www.youtube.com/watch?feature=player_embedded&v=b9FDkJZCMuE
https://www.youtube.com/watch?feature=player_embedded&v=b9FDkJZCMuE

From Structural Control to Material Programming
N

)
{
l
i

A sequence of images demonstrating the self-folding of a 4D printed multi-
material single strand into the world of MIT

S. Zhang, C. Xia and N. Fang,
“Broadband acoustic cloak for ultrasound waves”, PRL, 106,2,2 4301, 2011

M. D. Schaeffer; M. Ruzzene, “Wave propagation in 2D magneto-elastic
kagome lattices”, Proc. SPIE 9064, SMS 2014



https://www.youtube.com/watch?feature=player_detailpage&v=rm_JaGseTO4
https://www.youtube.com/watch?feature=player_detailpage&v=rm_JaGseTO4

From Structural Control to Material Programming

Morphing....

~

Avec des matériaux
adaptatifs ‘programmés’

of on inferior at ahways 1. Wouid you lke o fiot bed, o spoce 1o

The chose b youn!

Et mesures

gather with inands o 16 axplore ninw Smamie seaing e ockve diving? ‘( piat AT

Flex ecm



https://www.youtube.com/watch?v=9ZpAHxMj5lU
https://www.youtube.com/watch?v=9ZpAHxMj5lU

Generalized Impedance operator for beams

fiorce

flexab le beam
torque

=

6(x,0) =
&6(z,0)
¢ 6(0,1) =
H5,0(0,1)
B20(1,1)
[ 8,0(1,1)

(82048360 =0

Mechanical System

G. Monseny, LAAS report, Toulouse, 2002

z)

D26 + 036 = O,
B20(1,t) =

z e (0,1)

Controlled Mechanical System :
Pseudo derivative operator

1(2)

254
2N
= u(t) . 154
g A
3 ALK
= v(t) 5 &
? XA 'I
HC XL A
(IR NS A
“ OV OSITAKS '//,f
054 OO INXS XXX 3
kit ‘\\,',o 94772/177 %8 0y
ARSI AN W RIS XN,
AR S e W
05 R A R R

time

space

Figure 2: Autonomous beam

—8,0(1,8) — +/28,/28,0(1, 1)
830(1,t) = v/28720(1, ) + 8,0,0(1, ¢),

~N

time

Figure 3: Beam with feedback Zj

space

12



LTDS Generalized Impedance operator for acoustics

y ™

non reflected wave [ G. Monseny, LAAS report, Toulouse, 2002 ’

>
/ 0 X
‘\ transparent boundary condition

y

0(0,y,t) == v(y, 1)

{ 820 — AG =0 on 2y x R™
w(y,t) := 8:0(0,y,1),

Acoustic System

v o= Kw

Ry m— |

Controlled System :

Pseudo derivative operator

\_

13




Application: design of an active skin for acoustics

u(x, t) = —pﬂfﬁn(.ﬂt’, t)

Incidental Wavesp

Controlled reflected

Active Skin
T
Ky
. Naturally reflected Waves
Waves! . .
Acoustic Medium

a

4 )
?;2( gggﬂ Ap=0 on §R;* x R, X §RI+
X
5 = u(x,)
y(x,t) = p(,0,1)
\_ .
[ The physics ]
e A
Control law that guarantees kx<O:
1 Ip(x,0,t op(x,0,t
w(z,t) = — 1 Ip( ) Ip( )
Ca ot ox
Finite difference estimation of 1st-order derivatives )
: ﬂxx_.r\h-”"'/ﬂr“x\-nﬂﬁ-' r(\\\\ﬁ_r-’u_ UL PR —

£

-10

-1E

E1d

-2k

L1

114

A "}J

H“’lu

10dB

I o £00 00 1e0 130€ 1200 40 fEge feqe AMe fEed

12000 Hz

e eee

|

f P. David, M Collet et al., SMS, 19(3), 2012
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Towards smart distributed interfaces

* Smart distributed skin for synthesis of boundary acoustic N
impedance

* Challenge: extension of the concept for structural vibrations

* Take advantage of the specific behavior of periodic structures in
terms of wave propagation

* Design of unit cells based on global performances

* Use of passive/active smart concepts (control, adaptive,
multifunctional)

* Focus on damping consideration y

15




LTD% Band Gap and other effects — back to basics

A

v Light

o]

Ray refracts
negatively twice

point source

16
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L Physics of periodic structures

Crystalline solids  Periodic arrangement of atoms ~ Electrons (W) Schrodinger eq.  Absence of electron states
Photonic crystal  Periodic modulation of €, u (macro scale) EM (E,B) Maxwell egs. Absence of states of the EM field

Phononic crystal  Periodic modulation of p, E, v (macro scale) Elastic (u) Elasticity egs. Absence of states of the elastic field

R

Graphene (]

A,:i

:

—Ehenon frequency {cm™y
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And now... back to real (simulated) life: integration of a phononic
crystal as interface on a finite structure
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At wwre de bebeg e of Dpras g fey Sty

Is Band Gap the optimal solution?

Periodic substructure

Farfield
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L TDS- Design of a reconfigurable metacomposite for
= 2D structural functions

A 4

. )
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=)
© _100}
S/ -200 : ‘ :
0 500 1000 1500 2000
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Design of a reconfigurable metacomposite for
2D structural functions

PZT-Aluminum Composite 1\

Vibration isolation ]

[ Interface with two configurations ]

\

[

Vibration damping ]

...a distributed control device with no
computation: combination of analog
J structural/electrical loops communicating

through the structure
L y,

22




Absorption and Reflexion

Controlled plate

Semi-active system:
* No control loop => robustness
* Need only to power Op-Amps

23



LTDSr Absorption and Reflexion
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0

“
RIFF technique

Experimental results
Coll. with C. Pezerat & F. Ablitzer (LAUM)
Large increase of damping capability

T T T
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LTDSr Gradient Index : Adaptive Lens

Gradient index (GRIN) devices :

Wave bender
e.g.: (E. Centeno et al., 2006)

0.4
0e
i

=
0.
x! m)

-

>
02
-04

0.5

8
(0]
i

abs(w] (m)

Lens

\(e.g.: S. Lin et al., 2009) VAN Ee.y).i(x.3) el
4 R ) K

=

=
o

I, ¥ coordinate (m) 05 s X sosrdinare (m)
,. “ J Acoustic black hole
E . ! / (e.g.: V. Krylov, 2014) /
f_ acoustic wave absorber
' v Cloak shell (e.g.: A. Climente etal., 2013)
o ” . |e.g.: Norris, 2008)
k b xcoordlnm m ” J
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Gradient Index : Adaptive Lens

Refractive index

n(y)=sech[a(y—-y,)]

08

07r :
.
06F :
0.5F .
: o4r ; 7
2 : §
0.ar 7
02r §
01r ! 8

0 1 1 1 IH 1 1
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k Applied capacitance (F) w 10-3/
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LTDS Gradient Index : Adaptive Lens

Plane Wave
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LTDS’ Gradient Index : Adaptive Lens

2000 Hz:

plate without lens

plate with reference lens plate with smart lens

L '.- LU L UL (VK
ci 00l

Fsssmamansd

¥ (m)
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e

08 <04 02 0 b2 04 0B
X (m)

4000 Hz:

plate without lens plate with smart lens

Ll
...---..---I‘

HEo =

¥ (m)

et

000,

¥ (m)

Kim)

6000 Hz:

plate without lens plate with smart lens

FLILLLLLLLL

eanmssmmsnd
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LTDS’ Gradient Index : Adaptive Lens

Line harmonic source

024

[

I plate without lens

] plate with reference lens
I plate with smart lens

0.2

0.16 1

0.12 1

total energy ratio

0.08 1

0.04 1

100 1000 2000 3000 4000 5000 6000 7000 8000

frequency (Hz) 30




Gradient Index : Adaptive Lens

Tunability of the focal point

focal length: 0.3 m focal length: 0.4 m focal length: 0.5 m
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1 [ ! . 12 1 1 ! . z 1.2 1 1 ! z .
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LTBS’ Gradient Index : Adaptive Lens

Tunability of the focal point

Tocus ahove central axis

At 2000 Hz

0.z
X ()
focus below central axis
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Gradient Index : Adaptive Lens

Near field point source

33



Gradient Index : Adaptive Lens

2000 Hz:

plate without lens plate with reference lens plate with smart lens
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LTDS Gradient Index : Adaptive Lens

plate with smart lens

0.4 ¥ T ¥
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Gradient Index : Adaptive Lens

Double Lens configuration
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2000 Hz:
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LTDS’ Gradient Index : Adaptive Lens
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Concepts W

)

Future steps for the metacomposites |

Periodic and Gradient systems

Smart individual cells (multifunctionnal,
reconfigurable, adaptive...)

Integrated systems

Global design strategy

~

)

Conclusions

)

[ Results J

* metacomposite for 2D structural functions:
O Mirror
O Absorption
O Focusing

* Impedance optimization

* Reconfigurable concept

Toward fully integrated metacomposites
Combination of the concept with DSP:

e Achieve new functionnalities

e Self reconfiguration

e Validation of the smart interface on finite
structure
* Practical implementation
& Experimental validation

~
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Conclusions

Future functions for the metacomposites W
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Multiscale Network modeling and
optimization for Cloaking and Wave traps
and Non Linear waves

Associated Material programming network

R 6
and algorithms .
Robust design tools ]
Toward innovative, integrated and y/A 0 . o |
autonomous smart metacomposite for -2
Vibroacoustics... ) 3
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* Integrated programmable circuit
e Design for distributed implementation
* Programming interface

Shaker
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