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Reduced Order Model
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Influence functions:

Coefficient tensors:
In the form of integrals
Function of influence functions;

Macro constitutive equation:
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Verification –A single Unit Cell
Phase and Interface damage - axial loading

uniaxial 

tension in x3

Interface damage

Force-displacement

complete phase 
degradation

phase damage



Technology Transfer
Crash predictions of composite cars (General 
Motors, Ford, Chrysler)
Life prediction of JSF ceramic composites 
engine (Rolls-Royce, Northrop-Grumman)
Manufacturing of composite fan blades (General 
Electric) 
Energy absorption of ship structures (ONR)
Multiscale Modeling Munitions Systems (AFRL)
Multiscale analysis of nanostructures (ARL, 
Sandia, DOE, NSF)



GM, Ford, Chrysler
Light-weight fuel-efficient vehicles

Experiment: Oak Ridge 

National Laboratory, DOE



Model Validation
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Tube Crush Simulation
Mesh Dependence (C45 °)
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Multiscale in time for impact simulation



Comparison of stress and velocity
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General Electric
Comments

Multiscale computational 
technology has been 
applied to predict 
wrinkling (on micro-
mechanical level) in 
compression molding 
process. The model yielded 
the time of the onset of 
wrinkling which agreed 
well with the experiment 
conducted at GE. A new 
thermal/cure 
manufacturing cycle has 
been developed.

Program monitor: Jeff LeMonds, GE



Fatigue of Tailcone
Matrix
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Fatigue of tailcone



Nanotechnology applications
Generalized Mathematical Homogenization

Space-time asymptotic expansion

x           – continuous variable for continuum scale
y= x/ε – discrete variable for atomistic scale
t – midrange (usual) time scale
τ= t/ ε   – fast time scale
sk=ε kt – slow time scale (s)
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