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Inverse/Optimal Repair of 
Composites

• Goal: To minimize set up time and assure 
temperature control of repair site
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Goal

To specify the spatial distribution of heat flux from a
heating source (blanket) 

to produce 

a specified and constant  temperature throughout
the cure zone
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Current Process

1. install any necessary structural forms

2. emplace a surrogate repair patch

3. instrument the repair zone with thermocouples

4. Install the blanket and heat and measure thermocouple temperatures 

and take thermograms of the blanket surface temperature

5. determine which areas are over or underheated

6. estimate what additional local heating and/or insulation 

are needed

7. Repeat steps 4-6 until the desired performance is achieved. 

A typical configuration is
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Heating history of a panel
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Thermogram of a panel with stringers 
at steady state

Note the temperature variation
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Temperature Variation During
Cooldown
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Differential Cooling due to Heat Loss 
through the base of the stringer 

to an I beam
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Not all searches work well
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Minimizing Computer use is critical because 3D models are

expensive in terms of execution time and memory.

This is particularly important for the non-linear problems

that have temperature dependent properties

and particularly when air currents must be considered.

Two approaches are suggested:

1) Reduced models using Proper Orthogonal Decomposition

2) Using sparse grids to define the parameter values
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Bayesian Inference

From the cool down tests we find an effective
conductance from the stringer through the insulating pad

Note the range
which is of the 

order of 30%

for either
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Current Status

1) Testing the FEM+POD+Sparse Grid model 
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A Look Forward

• Benefit to Aviation:

Repair/Repair design can take days 

through weeks. Using this method the

temperature measurements from one

pre-repair blanket test can be used to

design and construct a blanket

overnight that we are confident will

produce the desired repair site temperature

distribution without further testing and with

a high degree of confidence.



7/30/2009 24
The Joint Advanced Materials and Structures Center of Excellence

24

A Look Forward

• Needed:

Once the procedure for determining

the heat losses has been validated,

an algorithm for optimizing the spatial

distribution of heat will be developed

Experimental validation of the entire

process will then be done using typical

repair configurations chosen by Heatcon,  

Boeing, and other aviation sources.


