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Electrospinning2

*Joanna Gatford - The New Zealand Institute for Plant and Food Research Ltd, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=5521755

** Rutledge Research Group (MIT) https://rutledgegroup.mit.edu/electrospinning-fundamentals/

• Method for turning a liquid (such as a polymer) into a solid fiber.

• Applied electrostatic charge makes the liquid want to elongate.

• Process is used a lot to make nanofibers.

• How to model this?

Electrospinning schematic* Nanofiber fabrication**

https://commons.wikimedia.org/w/index.php?curid=5521755
https://rutledgegroup.mit.edu/electrospinning-fundamentals/


Outline

• We’ll consider a peridynamic model of a long, thin structure.

• The structure includes force interactions between points independent of the 
deformation.

• These “internal forces” can be included in a nonlocal material model.

• The equilibrium of the structure is affected by material stability.

• The minimum energy configuration may or may not be straight.
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Long-range forces4

• Long-range forces are inherently nonlocal, for example:

• Electrostatic

• Van der Waals

• Surface forces 

• Interatomic and intermolecular forces

• Molecular dynamics: All forces are explicitly nonlocal.

*F. Bobaru, Modelling and Simulation in Materials Science and Engineering (2007).

Fracture of nanofiber network held together 
by Van der Waals forces*.

• This talk: Long-range forces within a single structure.



Some concepts of stability (local theory)

• Real wave speeds (Hadamard stability, strong ellipticity)

• Minimum potential energy

• Bifurcations

• Well-posedness*

• Discontinuity in gradient (Ordinary ellipticity)
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*Summary of well-posedness result for nonlocal theories: see:

• Qiang Du, "Nonlocal calculus of variations and well-posedness of peridynamics." Handbook of 

peridynamic modeling. (2016)

• R. Lipton’s papers on nonconvex strain energy in crack nucleation.



Material vs. structural stability (local theory)

• Material instability:

• Happens at a material point, triggered by local conditions

• Not directly related to the geometry of the body

• Example: Adiabatic shear band

• Structural instability:

• Happens to the entire body collectively

• Example: Buckling of a beam
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Adiabatic shear band in aluminum

image: Baxevanis et al.,
www.ima.umn.edu/materials/2008-

2009/SP7.13-31.09/8186/ima.pdf

Buckling of a column

image: Klimchik
www.researchgate.net/figure/Examples-of-buckling-in-

column-www-civildb-www-highline_fig11_281183936

• We’ll see that this distinction becomes 
less useful in a nonlocal model.



Peridynamics background7
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Bond deformation and rotation8
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Linear bond force model9
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Linear bond force model with internal force10



Fiber with internal forces11

• Fiber is initially along the 𝑥1 axis.

• It can have both 𝑢1 and 𝑢2 displacement components.

• It can have a remotely applied axial stress 𝜎. 

• Study transverse waves and their stability.
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Transverse waves in the fiber12
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The forms of 𝑐(𝜉) and 𝑓𝑖 𝜉 determine the stability of the fiber13
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If a straight fiber is unstable, what does equilibrium look like?14



If a straight fiber is unstable, what does equilibrium look like?15
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Emu simulation of an internally loaded fiber16
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VIDEO

Colors show strain 

(red = 0.01)

• Internal loading is turned on suddenly.



More complex internal loading leads to more complex shapes17

• Purple and red attract.

• Purple repels purple.

• Red repels red.



Possible uses18

Concepts for structures built up by 

manipulating charge and composition in 

electrospun nanofibers*

*J. Xue et al., Acc. Chem. Res. (2017)

** R. Oda et al., Nature (1999)

*** SS et al., Int. J. Impact. Engin. (2017)

Chemical composition of a ribbon induces 

internal forces**

• There is a lot of interest in self-assembly of nanomaterials.

• Extending the model to an Eulerian description would be the next step.***



Conclusions19

This work:

SS, Self-Induced Curvature in an Internally Loaded Peridynamic Fiber, SAND2022-5539 (2022). 

• Peridynamics allows long-range forces that can change the shape of a structure.

• The internal forces compete with the elastic bond response in determining the stability of the system.

• In simple cases, the equilibrium curvature can be computed explicitly.


