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Band diagram of a phononic crystal
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Band diagram of a phononic crystal

Negative refraction Band gap

Wavequide Power Divider by Perlodic Band Gap Structure - time = 0at

»
"pOOCDODSDODADODCDAODEDADD Youtube
—DO0O0-CDOO0DCODODCOODCOODCDODO e
02| mmANaNANONORANANENANCNAND
SNOoNZJO0oO00odnNOoODcdnNOoocnNOoO0Ccoann
018 bl o s N o [ o o O o o o O S o O o o o o B o o o o
B snopononocnNonNoRNARNcRNARNERARNA
“DOoncoDOopDcpDaDopapDCcOoaDCcDAaDO 1
oyl 20002 00DC0DO0DCNODCOODCOODO
D002 pOonNZspnAapspapcpaopepAanno
l' lnooadnoooa
ol 2DODO=ZDAODZ o5
ey Trrn oo rnn
=ooocoonoa DcpDOoDCODODCODOAODO !
o042 = Lol L) ol e a DA ooooocodon |
£ DCcpDODCDODCDOODO L
'5: crrrnraprrrrgernen F
0| Tpmaonznaonoa DocpOoDcOoOopDEcOoanno
SpooopDOooag DOopDODCDODCOODO \
== (== == (== = DcDOoDCOODCOODO ;
0 Jpuuzcuupg ---05
SDOooSodog
p ‘ T 0o00CcC o000 o0OooDooOopDooDOopDCcoooDo
..“ 06 N0 O 6 Y S S N Y O Y U
S DOO0C-CDODCDODCODODCOODCODODO .
4 ol Z000Z000C0O0DCO0O0DCO0ODCOODO
ot b 0.15 “*| cDpooCcDOoOCcDODCODODCOODCDOODO
:g:- o o e e ) e
0.10 ool 00000 D0CODODCSOODCODODCOODO s
,:.‘ flinrnriaarifnianrinnnirinrnnnnrnnoerIrIrin
4 = = =] =]
b 0.05 —DOoO0C-CDOODCOoODCcOoDODCOODCDODO
= 004 01 0% L2 .24 [Tk
0 au X im}
-0.05
-0.10
-0.15

10 5 0 -5 -10 Applications : perfect flat lenses, guided waves, ...

z (mm)

[Sukhovich et al., PRB, 2008]



Crystal vs material
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Crystal vs material
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Crystal vs material

Low frequency regime
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No exotic behavior!



Locally resonant elastic metamaterials
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[Oh et al., Scientific Report, 2016]

® Resonant mechanism




Effective models

dive +w?p =0, 0 = pes Vi, P = pPegill



Effective models

dive +w?p =0, 0 = eV, p= pefll

¢ Band gap

|k|2 . ,Oeff(w) w2

tef(w) < 0 or peg(w) <0 =
feft (W)




Effective models

dive + w’p=0, 0= pesVu, p= peu

¢ Band gap

—> Mie resonances



Effective models

dive + w?’p =0, o = pegVu,

¢ Band gap

P = PeftU

pei(w) < 0 on a range of frequencies
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Band gaps (eigenfrequencies)

(Wlth Ueft > O)

® Homogenization approach [Boutin et al, Bouchitte et al., Marigo et al, Pham et al...]

® Discrete approach [Milton and Willis, ...]

® Retrieval methods [Liuetal, ...]



Effective models

¢ Negative refraction

[Veselago, 1967] tef(w) < 0, per(w) <0 Two resonant mechanisms are needed

Usual method : Band diagram —— Retrieval methods ——  (pest(w), pe(w))

Retrieval methods are not predictive (provide a posteriori interpretations)

Miss the physics of the resonant mechanism and the link with the microstructure

Lack of homogenization results (too costly)



Effective models

¢ Negative refraction

[Veselago, 1967] tef(w) < 0, per(w) <0 Two resonant mechanisms are needed

Usual method : Band diagram —— Retrieval methods ——  (pest(w), pe(w))

Retrieval methods are not predictive (provide a posteriori interpretations)

Miss the physics of the resonant mechanism and the link with the microstructure

Lack of homogenization results (too costly)

¢ Elastic metamaterials showing negative refraction due to flexural resonances
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Simpler microstructure ?
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Setting of the problem

S 2
dive = —pw“u,

o= FEe(u), e(u)==(Vu+ 'Vu)
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Setting of the problem

Remove matter

dive = —pw?u, o= Ee(u), e(u)==(Vu+ '‘Vu)
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dive = —pw?u, o = Fe(u), e(u)=

o-n=0 on free edges

T

Setting of the problem

Elementary cell




Setting of the problem

Elementary cell

T

dive = —pw?u, o = Fe(u), e(u)=

o-n=0 on free edges

Conditions for the propagation of waves ?




Band diagram

Reciprocal space
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Reciprocal space
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Band diagram
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Reciprocal space
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Band diagram

Bragg scattering
(Crystal-like regime)
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Exotic behavior at low frequency regime
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Reciprocal space
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Band diagram
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(Crystal-like regime)

\\

/

7

AN
1/
Y.

A

Y’ I

wave number

X

Dispersion curves dictated by flexural resonances



Asymptotic Bloch-Floquet analysis
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dive = —pw?u, o = FEe(u), e(u)= 5 (Vu + *Vu) (v =0)

o-n=0 on free edges



Asymptotic Bloch-Floquet analysis

14
o N = b <1
ty
l
1

dive = —pw?u, o = FEe(u), e(u)= 5 (Vu + *Vu) (v =0)
o-n=0 on free edges
Bloch-Floquet Decomposition
u(x) = uP(x)e™®, o(z) =of(x)e™,

(uP(x),oP(x)) periodic



Dispersion relations
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Dispersion relations

ko 0.4n[ T %)

- A
POOOO0O0OO000O0OO0O00OOO00OOO000000000U

ROOOOO0O0O0O0O00O0O00O0000Y

S3 \

wlyi/c

(L=p)ks —p®)U) =0 ———  ky= \/( pe) W,

ps(w) 2000  tan A(w) tanh A(w)
=1- P + ’
p A(w) tanh A(w) 4 tan A(w)

Even flexural modes



Dispersion relations




Dispersion relations
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pa(w) 200 1 r(w)pls [ 12pw? t/4
o Loet A(w) tanh A(w) — tan A(w)’ Alw) 2 wlw) = ( ) ’

Odd flexural modes
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Dispersion relations
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Classical homogenization formula



Dispersion relations
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Dispersion relations
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V:g <0 when negative refraction [Marigo, Maurel et Pham, submitted, 2022]






