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Ribbon curling
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Beam/ribbon models
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Beam/ribbon models
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Viscoplastic beams

Bingham model {
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Viscoplastic beams
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Viscoplastic beams
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Visco-elastica

Aim: consider the equivalent model for a viscoelastic fluid

Force balance equations

in curvilinear coordinates

(ignore inertia)

Integrate over width
(with stress-free sides)
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Oldroyd B constitutive model

A common rheological model for viscoelastic fluids
\/ solvent viscosity

Oij = —Pdij + NsVij + Ty KA 0x; " ox;
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elastic shear modulus

ns — 0 Maxwell fluid n — oo Kelvin fluid

In our case the important quantity is the stress component 0,5 = Tgs — Tnn + 2757Yss + O(€)
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Asymptotic derivation

Strain-rate components
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Visco-elastica
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Sagging viscoelastic beam

T 0
Kelvin limit -
relaxes to elastic
i > -0.2F . .
solution Vertical end displacement
. 0
with long-term creep
0.2}
0.4
>
0.6 |
0.8 f |
o )t
_1 1 1 ! | |
0 0.2 0.4 0.6 0.8 1



Viscoelastic curling
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Visco-elasto-plastica

Reintroduce the yield stress 5 %%j + %max (0, 1 — g) Tii = Yij (Saramito 2007)
Oij = —P0ij + NsVij + Tij Yij = guz + O
r;  Ox;
Following similar analysis.... %agf + % max (O, 1 — hi,) = —Qn% (Prior 2016)
The non-linearity means a fully width-integrated model is not possible.
Instead, split the strain into elastic and plastic components —nkx = ZTZ + (s, n, t)
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Curling revisited
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Sagging revisited
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Summary

We can derive beam-like models using a variety of microscopic fluid rheologies.
The models reduce to standard equations for an elastica or viscida in the appropriate limits.
The visco-elastic model allows for a simple description of curling and sagging.

The visco-elasto-plastic model generalises previous visco-elastic and visco-plastic models that
have been used to explain the curling of ribbons.

The models behave quite differently for small curvature, when tension becomes more important.




