Similar Monte Carlo based sensitivity studies hagenperformed in the past on numerous types of TPS
material§’8to investigate ablator model performaneigh respect tdnput parameters and to assess the
reliability of the ablative thermal protection system design. None of these studies, hatteveptto
calculate the uncertainties on analytically deriveakerialproperty inputs and instead rely on estimates
based omngineering judgment or on holdover values femarlierstudies.This paper will present a method
for calculating the uncertainties of analytically derived ablative material properties.

Il. Method
A. Decomposition Parameters

Ablator decompositionthe transition from the virgin to char stassd production ofpyrolysis gas is
modelledin CHAR using the Arrhenius reaction equatiomhe completemoldedAvcoat deomposition
was modelled using threfgrhenius guationsof the form show in equatioh

Ao

) A 662 1o © 25
o L FGégyl % ARE (1)

ad

The virgin material densityés and the char densit¥yare determined fronmitial volume and mass
measurements and frafmermogravimetric analysig GA) residual char yieldThe remaining parameters
must be determined from TGA data: the-psponential factok, the reaction ordef ; and the activation
temperaturets

Common Arrhenius curve fitting techniques were not able to be directly applied to the TGA datdeavaila
Avcoat cannot be accurately modelled as a single Arrhenius reaction and ctaref@ature reaction

data was not available. For these reasons, a generakfittinge approach was used to fit Arrhenius
equations to TGA datad MATLAB program was witten to optimize Arrhenius parameters frimTGA

data. For each of the six laboratory measurements availahblénifial guess for the parametensas

provided, and the Arrhenius equatistas VROYHG XVLQJ 03$7/$%fV GLIIHUHQWLDO
goodnes®f-fit wasevaluated by residual suai-squares calculation between the computed result and the

test data. The parametevererandomized and iterated using a multivariable derivetiee gtimization

algorithm to minimize the residual suof-squares.MATLAB optimized the nineindependent Arrhenius
parameters to produce the fitted curves showkigarel.



