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LT:B% 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 I'efficacité aérodynamique, diminuer les
émissions de CO, (5-15%), réduire les bruits ....

Boeing 787 DreamLiner tout composite

4 )

)
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

~N

New Integrated functionalities

* Active Vibration Control -AVC-

* Active Noise Control -ANC-

* Structural Health Monitoring -SHM-
* NDE, PHM

* Shape Control

*  Mechatronic

* Energy harvesting/scavenging

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

Control
Electronics

Electronic

Systems

Mechanical Electro-
mechanics

Mechanical
Systems

\[ Aerial Venn diagram from RPI's website describes the various fields that make up Mechatronics } / 3




ANC / AVC Strategies
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* Technological and Numerical complexity

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

* Energy Cost

Necessity to propose a new approach ....

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

W

-

Synthesis of generalized Impedance operator using distributed
(low cost, low energy) individual (communicating) cells

Adaptive
Metacomposite

Dissipated/Harvested
energy inside the

interfac
e

XN
Incident
energy/zA

Q
_ 2
Ql <
=
= )
= ransmitted
Reflected 8 energy
energy ‘g‘
&
0
&
(&)
ru%

From Structural Control to Material Programming

-

-

\

Metacomposites:

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

J

7

Scale of interest:
mm -> few cm
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Application: design of an active skin for acoustics

F

lu(a'. t) = —potiy, (z,1)

Incidental Waves
¥ ¥

Controlled reflected

Active Skin

Naturally reflected Waves

Waves' . .
Acoustic Medium

4 2
2 *
5‘%2%?) Ap =0 on%;*x%rx%t+
Op(2,0,t
Mo = u(a,t)
y(w,t) = p(z,0,1)
\ J

[ The physics ]

4 N
Control law that guarantees kx<0:

1 Op(x,0,t op(x,0,t
“(w’t)(c_ (875 - (8:1: ))

Finite difference estimation of 1st-order derivatives

- : "‘". 4 —~—t
\ A '»/ N\ e o :\_,"\..\ A

L A
_,-"."7\\\ Rigid skin Y AV

\f\r "Jﬁ'.,"\‘ Y, ‘n.’/\.ﬂ

h f\"' \ A '\/‘
(\J
\f\-‘mlv, \s-

} 10dB

a ! ! 1 |

“ 600 Hz 12000 Hz

“('c: e s g 16 116C 146¢ 186 e 1eee  teee  12¢e 1aee 1eee geee )
{ P. David, M Collet et al., SMS, 19(3), 2012 ]
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Application: design of an active skin for acoustics

~

Inlet

rimary duct

1BPF 2BPF
k= 3BPF
[11]
Y | & S S .
L e
D -
SDOF e F (Hz)
Titane < \ -
4
N ‘ T
Composites - LDOF @ E N O q I_
2DOF Composites Composites . . .
P Ultra High Bypass Ratio Aero Engines
7




Application: design of an active skin for acoustics

B. Distributed control

i

(1

Target “impedance”:

Equation of control:

v(w) =

pca
Local
impedance Z[OC ((U)

1

jwp
Distributed
impedance Zd.i.s (GJ)

“®eno\/aL

Ultra High Bypass Ratio Aero Engines

i(w) =

Zm(w)

B Bl Zdis(w)



LT~B5: Application: design of an active skin for acoustics

B. Distributed control

Temps=0 Surface: 20*logl0(abs(p/2e-5))*1[dB]
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B. Distributed control

Local vs. distrgcl)outed

dB)

0SS

loc(w) = pc or pC/Zf

Zgis(w) = jop

Insertion

Application: design of an active skin for acoustics

—— local control (p.c)

. | —— local control (p.c/2)

—— distrib+local control (p.c)

—o— distrib+local control (p.c/2)

Ultra High Bypass Ratio Aero Engines

\_ 560 10|00 1 5|00
@ ENO\/FlT_/ Frequency (Hz)

2000 2500 3000
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Towards smart distributed interfaces

Smart distributed skin for synthesis of boundary acoustic R
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 )

11



LTDS‘ Band Gap and other effects — back to basics

. . . . \
Let’S ConSIder a blatom IC Iattlce : _wszuQn + 2ku2n - k(u2n+1 + u2n—l) =0
e k —w?mptigy 11 + 2kugn 1 — k(tgn 2 + uzn) =0
SN AN-O-AN -0 AA-O-A—e-\W-O)
e M Usn (W) = Ug(w)eT "2 =y, (w)el2esm
(QTL) (27?, -+ l) U2n+1(w) = ub(w)ej“$2n+l o ub(w)ej(2n+l)am
my O-NN\-e NN NW\-e TNa
Epasa, )

~ <

et ———,__— g
1 a

0.8 Band Gap 2K

m
+ b

0.6

Acoustic wave :

0.2

% 15 -1 -0.5 0 05 1 15 2

\ kia=7 /
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LTDS‘ Band Gap and other effects — back to basics

Let’s consider a biatomic sonic Iattlce

N

1.2 / \q 2__k |
Ma
1

Band Gap 2

0.81-

0.4
0.2 \ / i
0 | | k) | rs | |
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
k:a
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LT% Band Gap and other effects — back to basics

P

h

v Light'

Ray refracts
negatively twice

0

point source

--------

Chiral Lattice Go’r_gi-a‘T'ech /
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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

1600] i

"’E 14004 Graphena 1]
RERTN A :, o3
240004 ]
T ] i
T

E= ]
SR 14l
2 —soa \ TN,
“c[ Yan et al, PRB 77, 2008 }g
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Freq [Hz]

And now... back to real (simulated) life: integration of a phononic
crystal as interface on a finite structure

x 10°
2...0...I.. T T
ATt H HITII I
L ]
1.8 .,
...1
o '.'
.
L ]
16F ..o ...‘
..o .....o
sanloseee”®
1.4
1.2
......... .....-
LR R]
T P T RN
.o
. "R
08k . v
.
o’.
noo-.oo'..
06+ . ......oot
o
L L
par " B°
* .
. ®
LA
w2 RSTEEERLIILLLL
)
- T EEX
[ Syttt
0 100 200 300

17




LTDS-
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Application: design of a reconfigurable metacomposite for
2D structural functions

PZT-Aluminum Composite J\

| Interface with two configurations ]

/
= \
_ o = [ Vibration damping ]

Vibration isolation ] ...a distributed control device with no

computation: combination of analog
% structural/electrical loops communicating

through the structure
. y,

19




Application: design of a reconfigurable metacomposite for
2D structural functions
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LT D 5_ Application: design of a reconfigurable metacomposite for
2D structural functions

~

‘softening’ circuit Wave reflection
1 Bragg band gaps \,
‘stiffening’ circuit , : : '
Piezoelectric : :
effects I I
‘tuning’ circuit " LR band gaps )
‘damping’ circuit Wave attenuation
N
Electric Electromechanical Wave Wave-mode Vibration control
circuits coupling properties duality Noise reduction
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Application: design of a reconfigurable metacomposite for
2D structural functions
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Application: design of a reconfigurable metacomposite for
2D structural functions
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Application: design of a reconfigurable metacomposite for
2D structural functions

r p
»  Efficient tool for computation of dispersion diagrams

»  Multiphysics damped system

How to choose Z(w) for specific functionalities?

Minimize group velocity of flexural
waves: vibration & acoustics limitation

Case REFL: Stop propagation of flexural waves \{ Elementary cell J
Maximize electric energy dissipation Optimization procedure:
in shunt find optimal Z(w)

Case ABS: Maximize dissipation ]

24




LTDS Case REFL: Stop propagation of flexural waves
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LTDS Case REFL: Stop propagation of flexural waves

~

Reactive circuit (cancels
structural damping)

Quasi constant Cneg

| | | | | | | | |
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 /
Frequency [Hz] ( N
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J
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Propagative part of kx W

Case ABS: Maximize dissipation
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LTDS‘ Case ABS: Maximize dissipation
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Experimental validation

Controlled plate

= Electric
circuit

Semi-active system:
* No control loop => robustness
* Need only to power Op-Amps
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Analogic synthesis of optimal shunt

2000
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LTDS' Experimental Setup

P
w
3
s
Response transducer

Signal ODO0O00O00O0OO0O0O0O0O0O000
DoOooOooOoOoOoooooooog
generator /analyzer DO00O000OOO0OO0OOOOO0

Oooooooooo0ooonoonon

DOoOODO0OOOO0O0O0O0O0O0O00
F
Signal conditioning
Shaker
S f: =
: % —— | P
Power amplifier °Exc
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Full field measurements

Ctrl on Case REFL Ctrl on Case ABS \

'\ -

Measurement @ 25 Hz

\{ Measurement @ 3000 Hz Y




LTDS Some energy and robustness issues

W
Energy issues J N\

Not a fully passive system

* Energy required for Op-Amps powering (12 w)

* Very low energy consumption (no difference measured
between the Ctrl ON / Ctrl OFF configurations)

* Could be self-powered using simple energy harvesters

\
Robustness issues J
_ 0.8
Check impact of:
-
e S 06
* Uncertainties in impedance shunts 5
=> low effect 3
5 B4r
* loss of a patch S
=> low effect g Measurements
T 0.2 Ml Model - periodic
.. . =~ _ 5o
Distributed strategy => high robustness Model ~ 5% uncert.
0
250 1250 2250 3250 4250

frequency [Hz] /
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L Conclusions

)

) )
Periodic systems A

Smart individual cells (multifunctionnal, {Results ) N\
reconfigurable, adaptive...)

Integrated systems

Finite Elements Approach / multiphysics
Global design strategy

* Whole 2D space computation with frequency
dependent physical behavior
* Impedance optimization

) * Reconfigurable concept
* Validation of the smart interface on finite
) structure

Future steps for the metacomposites ] . Practical implementation

- Toward fully integrated metacomposites \ Experimental validation )
* Combination of the concept with DSP:
* Achieve new functionnalities

* Self reconfiguration

34




LTB% Conclusions

Future functions for the metacomposites W

s S S e
p 5 S W
>
>
<

Passive Plate

Multiscale Network modeling and
optimization for Cloaking and Wave traps

Associated Material programming network ',
and algorithme f cloaking .

Robust design tools L Ve

Toward innovative, integrated and =,

autonomous smart metacomposite for y/A o . : .

Vibroacoustics... : B
NN

.....
PrLl
e

>

e

N

N

&

@

N
* Integrated programmable circuit
* Design for distributed implementation
* Programming interface
J

Shaker —_ N
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