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Engineers hate instability

Biological world is full of mechanical instability

To disperse seeds with Henri Lhuissier

Bioinspiration: what can we learn?



Engineers hate instability

Biological world is full of mechanical instability

To disperse seeds

Hygroscopic unfolding  

of triplet fibers

Interesting new physics: 

Geometric nonlinearities 

Universal mode of  

deformations

with Henri Lhuissier

Slender structures: 

Small strain 

Large displacement

Bioinspiration: what can we learn?



Acoustics

Optics

Mechanics

Computer Graphics

Instabilities = spontaneous patterning

Geometry induced functionality

B. Florijn et al., Phys. Rev. Lett. (2014) T Brunet et al. Science (2013)  

M Kolle et al. Adv. Mater., (2018)  C Konakovitch et al. ACM Trans. Graph.,(2016)

Wrinkles across scales

P. Martinez et al. Adv Mat (2020)



Morphing soft structures with instabilities

1. Chocolate egg problem/buckling
2. Rayleigh-Taylor instability
3. Rayleigh-Plateau instability
4. Bioinspired soft inflatable structures





The coating problem: experiments
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A hand-wavy model 
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Morphing soft structures with instabilities

with PT Brun, F Lopez Jimenez, PM Reis (MIT)
JW Hutchinson (Harvard)

1. Chocolate egg problem/buckling
2. Rayleigh-Taylor instability
3. Rayleigh-Plateau instability
4. Bioinspired soft inflatable structures



Length scale



Progression of the buckling front

Position set by the previous dimples

Topological defects on the hemisphere



Elastopneumatic length: 

Set by the interplay between elasticity and pressure 

where

Control of the sharpness of the ridges

[Phys Rev Mat, 2017]

Elastica with pressure
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Control roughness: aerodynamic drag reduction



Morphing soft structures with instabilities

with PT Brun (Princeton)

1. Chocolate egg problem/buckling
2. Rayleigh-Taylor instability
3. Rayleigh-Plateau instability
4. Bioinspired soft inflatable structures
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1. Drop lattice
2. Shape
3. Size

Elastic structures mediated by RTI



Drop arrangement



Hexagons

Pentagons

Heptagons

Drop arrangement



3

2

1

Control of the drop lattice



τi << τcSeparation of timescales

Control of the shapes



a = RΩ
2

Centrifugal acceleration

Most unstable wavelength

λ = 2π
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Control of the sizes



Reversible actuation of the elastic structures

[Nature Com 2018]

Towards the mass production of micro lenses array



Morphing soft structures with instabilities

with Lingzhi Cai, PT Brun (Princeton)

1. Chocolate egg problem/buckling
2. Rayleigh-Taylor instability
3. Rayleigh-Plateau instability
4. Bioinspired soft inflatable structures



Polymer melt (PDMS)

Translational stage

Nozzle

 Glycerol

Rayleigh-Plateau instability
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Sine waves



Curing



Morphing soft structures with instabilities

1. Chocolate egg problem/buckling
2. Rayleigh-Taylor instability
3. Rayleigh-Plateau instability
4. Bioinspired soft inflatable structures

with T.J. Jones, E Jambon Puillet, PT Brun (Princeton)



1. Liquid elastomer injection

2. Bubble injection

3. Wait

4. Peel

Building asymmetric tubes



Shape of the cross-section

Bretherton: initial thickness of the coating 
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Matching static and dynamic meniscus
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Iso-pressure interface:

Boundary conditions:
Wetting

Symmetry

ρg cos θ − γθ00 = 0
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Experiments at the interface of a water bath

Actuation of the asymmetric tube

Thin membrane expands Uniform bending



Towards more complicated actuation

Coupling with nonlinearities from the tube: muscles

with T.J. Jones, E Jambon Puillet, PT Brun (Princeton)



1. Chocolate egg problem/buckling
2. Rayleigh-Taylor instability
3. Rayleigh-Plateau instability
4. Bioinspired soft inflatable structures



with S. Hadjaje (IUSTI - Centuri)
R Clément (IBDM), MJ Dalbe (IRPHE)

Wings expansion
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Poking a fly…



… to inflate it
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1 mm



Large scale structure : folds

Anterior

Posterior

Posterior

Dorsal

Ventral

Anterior

Ventral

Dorsal

100 mμ

200 mμ
200 mμ

The initial wing folds follow the vein network
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Large scale structure : folds

Anterior

Posterior

Posterior

Dorsal

Ventral

Anterior

Ventral
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100 mμ

200 mμ
200 mμ

Micrographs 
of sections
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5 mμ

Lumen

Cells

Cuticle
λ
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Small scale structure : wrinkles
Wing lamellae are made of cuticle, cells and lumen



Stretching the structure

200 nm

Folded  p

Cells ( )Ecell

Cuticle ( )Ecut
hcut

hcell

hlum

λ

Lumen
(hemolymph)
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5 mμ

The cuticle unfolds

4h after
deployment



Minimal artificial vein

Fabric

Rubber tube



10cm
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Bending stiffness

10cm

Break the symmetry 

Behaves as an elastic rod



Towards complex network



Two heat sealable 

fabrics Soldering iron

Siéfert, E., et al. PNAS (2019)

Circular cross 

section

We “print” our design in a X-Y plotter

Fabric-based tubes



90ºϕ0 =

30ºϕ0 =

Elbow geometry

FE model

uz(∂Ω) = 0

rc

L

W

ϕr

ϕ0



Hinge like mechanism

Use the hinge in a network



Fstar

μpNp

μcNc
Np

Nc

Gripping employs the opening (stiffer) mode!

≈
4n(Ci + Ce) sin(π/n)2

l2 cos2(ϕeq
i /2)

(r − req)Fstar =
dEstar

dr

Cone
semi-an.

Gripping force



Soft gripper



Conclusion
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