
Constitutive Model—CRG and 
the University of Colorado at 
Boulder (CU-Boulder) established 
a fundamental understanding of 
shape memory polymer (SMP) 
and high-strain, fabric-reinforced 
(HSFR) composites behavior. 
This understanding enables the 
development of advanced modeling 
capabilities and fabrication processes 
for designing robust morphing skins. 

Compression Testing•	
TensileTesting•	
Material Parameter •	
Characterization for FEA
Constitutive Model Development•	
Model Validation•	
Predictive Capability  •	
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New generations of autonomous vehicles will incorporate multi-
mission capability through the use of “morphing” structures that 
exhibit large shape change. Morphing aircraft structures require 
load-bearing structural members and flexible skins that maintain 
the shape required for aerodynamic efficiency. The interconnection 
between components having drastically different behavior presents 
a technical challenge due to the substantial mechanical impedance 
mismatch. This mismatch in mechanical impedance produces 
large stress gradients that lead to failure at the interface and 
can cause rippling under aerodynamic loads, in large part due to 
the high strains imposed by the shape change of the vehicle.

INtrOductION

SIgNIfIcaNce

resuLts

Development is needed at the interface 
of rigid and flexible components near 
the areas of attachment. Morphing 
skins must transition between zero 
strain at the rigid substructure 
where it is connected and high strain 
(100% or greater) in the morphing 
zone.  Currently, this transition 
takes place over a short length, 
and there is a large discontinuity 
in stiffness where the attachment 
zone meets the high-strain morphing 
zone. This spike in elastic modulus 

creates a high stress concentration along the interface and 
leads to localized failure after low cycles of activation.

Attaching Morphing Components—Innovative 
attachment methodologies must be employed 
to accommodate the high-strain morphing skin 
systems integration into reconfigurable aircraft. 
The advanced fastening method 
must be capable of maintaining 
aerodynamic performance 
and signature control without 
compromising structural durability 
and lifecycle performance.

CONcLusION
The simulated force data follows the general trend of the experimental 
data. Future work indicates the need for increased attention to 
temperature data collection as it has a large influence on simulated 
results. The establishment of stress gradient design methodologies 
will provide significant enhancements over existing morphing materials 
performance enabling orders of magnitude increase in lifecycle 
performance, cost and aerodynamic performance. Furthermore, it 
establishes a baseline from which to build upon for emerging systems 
and design trends in materials and mechanics known as “morphing.”

IR Images of Test Sample Heating Profiles

Current Morphing Skin Design

Fastening System Concepts

Gradient Temperature Control Zone Design

FEA Simulation and 
Experimental Force 
Comparison

CU-Boulder FEA Simulation Results

top: Compression Testing (Neat Material) 
bottom: Tensile Testing High Stain 
(Composite Material)

FEA Simulation and Experimental Strain Comparison
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Stress Gradient Control—CRG proposed 
three methodologies to control the stresses 
at the interface of no-strain and high-strain 
materials: transitional fiber reinforcement, 
graded resin material systems and thermal 
gradient control.  

Downselect Gradient Control Method•	
Fabricate Prototype Demonstrators•	
Experimentally Evaluate Performance•	
FEA Modeling and Comparison•	

For this initial effort,  
CRG chose to pursue 
the thermal gradient 
methodology by designing 
and fabricating multiple 
high-strain elastic heaters to 
achieve a thermal gradient.
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