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Active structures allow for real time control of a structure’s 

shape, stiffness, and damping.  Accurately characterizing 

the mechanical response of smart materials enhances 

their implementation into active structures.  Research was 

conducted to determine whether the fractional order of a 

material corresponds to measurable physical properties 

for a more accurate model.
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Auxetic foam ocular microscope image and binarized at 5x magnification.
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Fractals are self-similar recursive patterns often found in 

materials and nature.
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Experimental Methods

Very High Bond (VHB) 4910, VHB 4949, and a set of 

auxetic foams were subjected to cyclic uniaxial loading 

and unloading stress tests at different stretch rates to 

achieve steady state hysteresis.

VHB 4910 and VHB 4949 are foam materials developed 

and sold by manufacturing company 3M.
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Fractional order model for VHB 4949 uncertainty analysis results.

Stress responses collected in the uniaxial tests were used to inform an integer 

order and fractional order model using Bayesian uncertainty methods.  The 

informed model was used to predict responses at different orders of magnitude.  

Greater prediction accuracy was obtained when using the fractional order model.  

Similar predictions were found for materials VHB 4910 and VHB 4949.

Continuing work aims to develop a model for the auxetic foam materials.  The 

model is developed using thermodynamic principles and measured properties.  

Fractal dimension was quantified through determination of the Minkowski–

Bouligand dimension of the images using a boxcount.m MATLAB routine.
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Calibration and Prediction
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Determines correlations between 

parameters…correlation 

suggests the model could be 

further developed.

There is a potential relationship between a material’s 

mechanical properties and its fractal structure.  

Implementing fractal order mathematics to model these 

materials could be useful in consideration of sensors, 

structures, and product development in the fields such 

as impact absorption and water filtration.

Better classification of these materials through 

determination of fractal properties could enhance design 

of products and structures utilizing materials with 

complex structures.
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Posterior Density of Fractional Order α

Chains developed using MCMC and DRAM algorithms in 

MATLAB.

Auxetic foams are known their negative Poisson’s ratio.  This was measured to 

better inform the model.  Two materials’ test results are shown.
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