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Abstract

The Mars Science Laboratory vehicle utilized a heat shield constructed from NASA’s Phenolic-Impregnated Car-
bon Ablator material to protect the main structure from the high enthalpy environment encountered during hypersonic
atmospheric entry. During the vehicle’s descent through Martian atmosphere, multiple thermocouples embedded
within the heat shield captured in-depth material temperature data that allow for studies to be conducted on current
material response reconstruction tools. In the present work, material temperature data obtained from thermocouples
within the MISP-4 plug are utilized in the calibration of TACOT model parameters in conjunction with NASA’s Porous
material Analysis Toolbox (PATO) through Bayesian inference where uncertainty due to parametric, modeling, and
experimental sources is simultaneously quantified. Prior to the study, a sensitivity analysis is performed through com-
putation of the robust Sobol indices in an effort to study the relationship between input space and model response
and to reduce the dimensionality of the statistical inverse problem. The Bayesian inference methodology necessitates
an a-priori choice to be made for the uncertainty model for which numerous possibilities are available. Across most
works, however, only basic additive or multiplicative models are utilized with pre-defined magnitudes of uncertainty
based on a-priori knowledge or to-be-calibrated multipliers of static covariance matrix structures. The present effort
explores the effects of informed uncertainty models, ones with temporal dependence that are simultaneously calibrated
through Bayesian inference, on calibrated results for parameters that make up the uncertain input space.
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Figure 1: Results using a scalar, temporal and spatial independent multi-
plicative error uncertainty model for TC-3 of MISP-4 plug.

Figure 2: Realization of one of the uncertainty covariance matrix
structures with temporal correlation in this study.
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