
Instrumentation

Damage Simulation Tool For 
Composite Laminates
Faster and more detailed composite damage simulation results 

This simulation tool is designed for progressive failure simulation in 
composite laminates. This simulation tool provides accurate results 
equivalent to those of a high fidelity model without the associated cost 
and time. 

In doing this, the tool will generate more rapid results compared to high 
fidelity modeling, be a viable evaluation method for industry and allow for 
consideration of more complex problems that exceed the capability of 
currently available simulation methods within academia. 

The simulation tool is in the form of a subroutine for an enriched finite 
element. A user would create a numerical model with the enriched 
element in an initially low fidelity form. The enriched elements then have 
the ability to increase fidelity locally to suit an ongoing damage process if 
necessary.

BENEFITS

Viable for manufacturing and industrial users - 
not just academia

Enables faster simulation of low impact 
fracture damage in composite laminates

Expands understanding of low impact 
fracture damage in composite laminates

Enables simulation of more complex 
problems than currently possible



THE TECHNOLOGY

The simulation combines existing fracture mechanics based damage 
propagation techniques with a discrete approach to modeling 
discontinuities in finite elements. Additionally, the use of an advanced 
laminate theory recovers deformation and stress information that would 
normally require a high fidelity model. 

To accomplish this, the same theoretic and analytical concepts that a high 
fidelity numerical simulation tool utilizes for laminate damage simulation 
are placed in the context of a low fidelity finite element. In taking this 
approach, a laminate can be modeled as a single layer low fidelity shell 
mesh that has the ability to locally increase fidelity and represent a 
delamination based damage process but only if it is determined that one 
should occur. 

The numerical simulation tool's performance has been validated against 
numerical benchmarks as well as experimental data.

APPLICATIONS

The technology has several potential applications:

Academic research and development of more 
damage tolerant composite laminates

Industrial design and damage tolerance 
validation for manufacturing of composite 
laminate components

PUBLICATIONS

Patent No: 10,036,700

A readout of the system showing delaminations at varous interfaces. Image 
Credit: NASA

M
o

re
 I
n

fo
rm

a
ti

o
n

technology.nasa.gov

M
o

re
 I
n

fo
rm

a
ti

o
n National Aeronautics and Space Administration

Agency Licensing Concierge

Langley Research Center

Mail Stop 020

Hampton, VA 23681

202-358-7432

Agency-Patent-Licensing@mail.nasa.gov

www.nasa.gov

NP-2019-04-2696-HQ

NASA's Technology Transfer Program pursues the 
widest possible applications of agency technology 
to benefit US citizens. Through partnerships and 
licensing agreements with industry, the program 
ensures that NASA's investments in pioneering 
research find secondary uses that benefit the 
economy, create jobs, and improve quality of life.
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