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’ APPLICATIONS
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IQUID CRYSTAL ELASTOMER (LCE)
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" TRANS-CIS ISOMERIZATION

When azobenzene (photoisomerizing dye)
absorbs a photon, its molecules change
from an elongated trans-state to a bent cis-

Macroscopic

Photoisomerization of azobenzene
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causes the light-induced deformation.
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Beer-Lambert’s law:
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HEORY OF PHOTOBENDING

Light Intensity Profile — Beer Absortpion
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~~ THEORY OF PHOTOBENDING

: : _ Photo-compliance
Deformation caused by light absorption: correlates the absorbed

light and the induced
strain.

Eight.y(X) = P (x)cos*0 + @P,1(x)sin*6

Resulting stress:

o = €bending — Clight,y
Y (€Cy1SIn?%6 + C,c052%0)

Bending radius:
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" HYPERELASTIC MATERIALS

Strain energy density (incompressible version):

] depends on the photo-
induced deformation.

Uniaxial stretch with K=2180 GPa

20 —
15} _ ﬁ : o
: : : *
: i L,
= 1ok T e - e
o : : 7 o -0
—_ : : PRy
. 5 : D ez b
o : .""t- :
=4 : -2 :
2 : z :
w
= 2 o
oy £
] B #
I @ ”
] = 154 4
= -
S - : :
= o |—Meo-Hookean: G = 3,100 MPa
Z _iob . |H |——MNeo-Hoockean: G = 1480 MPa m
- - - - Mooney—FRivlin: q = 1.030 MPa, CZ: 0114 MPa
|
a |- .- veoh: G = 1202 MPa, G = -0.057 MPa, G= 0004 MPg
L S [ I - .. Gent G = 2.290 MPa, J = 80 N
h
R Y Uniaxial Tension Expt.
" H T T n
: - o A | H H L H H L H
ﬂ 29_; 100 -50 4] 50 100 150 200 250 300 350 400
. (] F= I.f] Axial engineering strain (%)

Linear elastic (Sigmund) Hyperelastic (Bbanerje)



-~

%1078 T

45 |

40

35

30

25 +

20

15 -

10

IMULATION CONSTANTS

Electric field (y-component)

LR

T T T T T T ] A 14052
i B Characteristics common to each
simulated case:
B 0.5
-Geometry
e
- 0 -Material properties
I . -Propagation direction of the electric field
1
10 0 1|o 2lo 3lo 4lo 50 x10°°
¥ -13056
Young's modulus pltaiel E, 1.3 GPa
Younz's modulus crthogonal Es 0.6 =Pa
FPhotocomphance parallel B | ) em’ W
Photocomphance crthoponal Ps 0.7 em’ "W
Weight fraction of azobenzene (%) - 0.5 Umnit less

Abscrption length D 1.6 Tiai}




X [Wim~2]

Absorption law:
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AND UNIAXIAL ALIGNMENT
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Bending radius [m]
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AND UNIAXIAL ALIGNMENT

Bending Radius in function of absorption lenght
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AND SPLAYED ALIGNME

Internal splayed alignment:
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STEPS

e Mixture into a coated glass
cell.

 Heat to 9o°C (liquid state).

 Cool down to 63°C
(isotropic-nematic

transition). (Sungur, et aL, 2007)

 Photo-polymerization with i : 10mol*%

IR laser, hence solid structure. UV photo-initiator e e

AMonomer E0mol%a ~ 88maol%:
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 WHATWEDID

v 2D stationary simulations of LCE structures reacting to light
stimuli, using two different approaches:

> Beer-Lambert’s law
» Maxwell’s equations

Applied to the internal configurations:

= Uniaxial
= Splayed

v" Creation procedure by photo-polymerization of uniaxial
aligned nematic LC monomers.



 INTHENEXTFUTURE —

v Compare the theoretical and the experimental

results.
v' 2D time-dependent simulations.
v" 3D stationary and time-dependent simulations.

v More complex shapes.
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