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Introduction 
 

• Increased interfacial area (and therefore increased stress transfer) 

Why do we use anisotropic fillers (e.g. Graphene, CNTs, Short fibres …)? 

What is the effect of this anisotropy? 

But we can take advantage of this 

• Locally the behaviour is anisotropic 
• Globally the behaviour is isotropic (assuming… 

1. A homogeneous dispersion 
2. No preferential orientation of the particles  
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Introduction 
 

• Increased interfacial area (and therefore increased stress transfer) 

Why do we use anisotropic fillers (e.g. Graphene, CNTs, Short fibres …)? 

What is the effect of this anisotropy? 

1. Maintain a homogeneous dispersion of filler particles 
2. Control the orientation of the particles 

But we can take advantage of this if we… 

• Locally the behaviour is anisotropic 
• Globally the behaviour is isotropic (assuming… 

1. A homogeneous dispersion 
2. No preferential orientation of the particles  

‘Tailoring’ the reinforcement can result in a more efficient design and 
additional functionality 
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Experimental 
 Material: Natural Rubber + Ni-coated short carbon fibres 

 
• Magnetic short fibres are oriented in NR by a magnetic field (NR in latex phase 

before cure) 
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This gives the material added stiffness along 
the axis of the magnetic field lines 

Longitudinal direction 
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Research Summary 
 Material: Natural Rubber + Ni-coated short carbon fibres 

 
•We also observe two distinct types of stiffening: Longitudinal and Lateral 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

The lateral stiffening effect is driven by a Poisson’s effect 

3/7 



Research Summary 
 Material: Natural Rubber + Ni-coated short carbon fibres 

 
• The orientation of the reinforcement is expected to induce additional non-

linear behaviour that can be taken advantage of 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

However, this non-linear behaviour adds additional complications that 
there is limited understanding of 
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Multiscale Numerical Modelling 
 

A simple continuum based model with geometry representative of ‘real’ 
nanocomposites has been developed 

 

Periodic boundary conditions 
on all four surfaces 
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ABAQUS: Incompressible Particle-Reinforced Neo-Hookean model in Plane Strain 
 

• Currently lacking a suitable model to describe this complex behaviour at large strain 

Large Strain 
Behaviour 



Multiscale Numerical Modelling 
 ABAQUS: Incompressible Particle-Reinforced Neo-Hookean model in Plane Strain 

 
•This gives us further incite into the small strain behaviour and the Poisson’s 
effect 

Heterogeneity mismatch  Aspect Ratio  

The longitudinal and lateral stiffening effects are increased 
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Conclusions 
 Investigate the potential benefits of ‘magnetic tailoring’  

 
•This will be approached in two ways 
 

(1) Experimental work 
 

• This has been achieved at the macro scale (chopped carbon 
fibres), the next step is to reduce the length scale towards 
nano-dimensioned fillers 

 
• This will make it useful to small scale applications 
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(2) Numerical modelling 
 

• Multiscale modelling to compliment experimental 
work and investigate potential applications 
 

• The transverse isotropy of the model has been 
shown, potentially this could lead to a simplified 
model 
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