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Inspired by the topological SSH model in acoustics
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One of many realisations
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2D numerical simulations - soliton decay
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2D numerical simulations - soliton decay
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Experiments comparison with the soliton

Comparison with theoretical prediction
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Flexible Elastic Metamaterials

Pulse excitations
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At long wavelengths >«
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Nonlinear Schrodinger Equation for the envelope
0 = B(Xl, Tl, XQ, TQ, ...)ei(kXO_WTO) + c.c.

0B 10°8
"07 2067

Derive conditions for Modulational Instability

+g|BI’B =0

B(&1, %) = (Ag + b(&1, 7)) el Fodi—woT20(En 7))

h— flei(Kfl—sz) 7 0 — f2673(K€1—QT~2)
The perturbations grow with time

Q= Kkoi|K|\/——gA2 0= Qg +iQ;

K2
Ifg>0and K <|K. =2A4p/9 Q0 = [K[Ao T 4A2




@

Part 2: Modulation Instability in FlexEM

Le Mans

Universite
Nonlinear Scrodinger Equation for the envelope
0 = B(X1,Ty, Xy, Ty, ...)e!EXo=wTo) 4 ¢ ¢ _
(X1, 11, X2, T2, .. unstable if
0B 1 82
im— + BI*B =0 K
4A2
g = _3042 B —3042 - k2
o2 — f(}g T saz = vy 3k? (a0 —ul) 1—|—u18K9042
01Xl 7 0n >
(b) 1
Case (l): Rotation Case (ll): Rotation + Displacement
0 Case (I) Case (II)
__Unstable
().-l
0.5 0.3
E |()2
1
0.1
() —>
0.02 -0.01 0.01 0.02 -0.01 0.01 Stable



&

Part 2: Modulation Instability in FlexEM Le Mans

Université

( ! / en—l ; ; 9n
Case (l) — ] ] I — ——- I ] — - ] ] ] I
QU [y S Ty (N N N | O S (b) 1
| | | | | | | | | | | \ Case (l): Rotation
Case (I)
|_ C MOdUlated p|ane wave (a) wlu 0.01 0.02 0.03 0.04
6(n,0) = 2¢(1 + bg) cos(kn) ,
9(”70) = 2ew(k)(1 + bo) sin(kn) 2000 0.02 -0.01 0 0.01

2500
(b) 400 300

100 Y




&

Part 2: Modulation Instability in FlexEM Le Mans

Université

\{ i

Case(”) —)l-l_l-l- ————— -I ] — - ] ] ] ]
AR | ! | ! | | ! | | !

I —

Case (ll): Rotation + Displacement

0 Case (II)

|. C. Modulated plane wave

0.4

1 0.3

8. 0) — 2€(1 + bo) cos(kn) Coupling induces the instability |

: , new wavenumbers
0(n,0) = 2ew(k)(1 + bo) sin(kn) localised structures appear in the long time

0.2

0.1

0

-0.02 -0.01 .0 0.01
0

0.01 0.02 0.03 0.04 (c) Ul 0 . ’ 10.5 Me-4

(a) |6|H

5000 5000

2500 , 2500 T

T (d) 400 300

¢ Ay 200
N 200 100 0 N 100 0




&

Part 2: Modulation Instability in FlexEM LoMans
C | ¢ | .’ Teminai N 1 L Neninninal enli :EGn
ase — ] I ] — --——- ] ] — - ] ] ] ]
() t:-:_:-:- _:-:-:- _:-:-:_: . ©

Case (l): Rotation

Case (I)

|. C. Modulated plane wave
8(1.0) = 2¢(1 + by) cos(kn) Rotations alone are unstable
0(n,0) = 2ew(k)(1 + bg) sin(kn)

-0.02 -0.01 5 0.01

2 X .0 .05
(a) 0 0.01 0.02 0.03 0 F)l 0.05




&

Part 2: Modulation Instability in FlexEM Le Mans

Université

1

Casel '-'_'-l- ————— -I |-|_ ————— i |-|-|_I enen
(1) _:='=_=_=_ iy, I BN, I, N, B

Case (l): Rotation

I —

Case (I)

|. C. Modulated plane wave
(1. 0) = 2e(1 + by) cos(kn) Coupling stabilises the system
0(n,0) = 2ew(k)(1 + bg) sin(kn)

-0.02 -0.01 5 0.01

2 X N0 05
(a) 0 0.01 0.02 0.03 0 .()l 0.05




&

Part 2: Modulation Instability in FlexEM Le Mans

Universite

Main perspectives

1. Instability in smaller structures, driven dumped problem
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Experiments with nonlinear waves in flexible elastic metamaterials
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