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Similar Monte Carlo based sensitivity studies have been performed in the past on numerous types of TPS 
materials6,7,8 to investigate ablator model performance with respect to input parameters and to assess the 
reliability of the ablative thermal protection system design.  None of these studies, however, attempt to 
calculate the uncertainties on analytically derived material property inputs and instead rely on estimates 
based on engineering judgment or on holdover values from earlier studies.  This paper will present a method 
for calculating the uncertainties of analytically derived ablative material properties.   
 
 

II. Method 

A. Decomposition Parameters 

Ablator decomposition, the transition from the virgin to char state and production of pyrolysis gas, is 
modelled in CHAR using the Arrhenius reaction equation.  The complete molded Avcoat decomposition 
was modelled using three Arrhenius equations of the form show in equation 1. 
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The virgin material density �é�é and the char density �é�Ö are determined from initial volume and mass 
measurements and from thermogravimetric analysis (TGA) residual char yield. The remaining parameters 
must be determined from TGA data: the pre-exponential factor k, the reaction order �î �Ü, and the activation 
temperature �6�Ô.  
 
Common Arrhenius curve fitting techniques were not able to be directly applied to the TGA data available. 
Avcoat cannot be accurately modelled as a single Arrhenius reaction and constant-temperature reaction 
data was not available. For these reasons, a general curve-fitting approach was used to fit Arrhenius 
equations to TGA data.  A MATLAB program was written to optimize Arrhenius parameters from the TGA 
data. For each of the six laboratory measurements available, an initial guess for the parameters was 
provided, and the Arrhenius equation was �V�R�O�Y�H�G�� �X�V�L�Q�J�� �0�$�7�/�$�%�¶�V�� �G�L�I�I�H�U�H�Q�W�L�D�O�� �H�T�X�D�W�L�R�Q�� �V�R�O�Y�H�U���� �7�K�H��
goodness-of-fit was evaluated by residual sum-of-squares calculation between the computed result and the 
test data. The parameters were randomized and iterated using a multivariable derivative-free optimization 
algorithm to minimize the residual sum-of-squares.  MATLAB optimized the nine independent Arrhenius 
parameters to produce the fitted curves shown in Figure 1.   
 
 


