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Introduction:  The Mars Sample Return (MSR) Program will return Martian soil samples to Earth in the early 2030s. Since the biological content of these samples is unknown, and potentially upsetting to Earth’s biosphere, the Earth Entry Vehicle (EEV) is required to be the most reliable entry probe ever devised.
Entering Earth’s atmosphere at ~12 km/s, after up to a 6-day in-space free flight phase, the EEV must tolerate the cis-lunar Micro-Meteoroid environment, the near-Earth Orbital debris environment, and then entry heating of over 3,000 W/cm2 and pressures of 250 kPa before ballistically impacting Earth’s surface at nearly 45 m/s. 
To reliably accomplish such a mission, NASA Ames is implementing the 3-D woven Mid-Density Carbon Phenolic (3MDCP) Heat Shield, derived from the prior Heatshield for Extreme Entry Environments (HEEET) material system [1]. 3MDCP development accomplishments to date, along with the future efforts to deliver the flight hardware are presented, along with a discussion of the manufacturing risks and accompanying mitigations achieved. 
3MDCP Description:  The 3MDCP material system is part of the larger 3-D woven material family developed by NASA Ames Research Center that includes HEEET and the 3D Multifunctional Ablative Thermal (3D-MAT) system soon to be flown on the Orion Crew Module. 3MDCP is directly derived from the insulation layer of the dual layer, TRL 6 HEEET material system.
3MDCP consists of a 3D woven preform utilizing a blended carbon-phenolic yarn. Once the desired weave thickness and size is created, the woven preform is formed to shape and infused with phenolic resin.
Past testing of the HEEET and 3MDCP materials has demonstrated mechanical and thermal performance capabilities beyond the environments that the EEV will encounter, making the challenge for EEV one of manufacturing.
Implementing 3MDCP for the EEV:  The MSR EEV is a 1.25m diameter, 45-deg sphere cone. In order to design out the failure modes associated with seams in an ablative heat shield, and the challenges of certification of a tiled systems to the high reliability requirements for EEV, a single-piece solution was pursued. This approach requires a larger 3MDCP part than has been created to date. To make such a part, a new loom is being built, and new forming and infusion processes  are being developed. The final part will be a 1.4cm thick, 45-deg sphere cone shell with a running length of over 1.6 meters, standing over 0.5 meters tall. 
Yarn Manufacturing.  The 3MDCP yarn is made by blending carbon and phenolic fibers. This blending process has already been accomplished according to the need for the entire MSR program. The yarn is manufactured by Schappe Techniques outside of Lyon, France. 
Yarn Weaving. Once the blended fibers have been completed, they are shipped to the weaver on spools. The EEV weaver is Textile Engineering And Manufacturing (TEAM) in Woonsocket RI. TEAM is building a loom capable of weaving preforms over 2m wide according to a weave architecture defined by NASA Ames. Currently the loom is in the final stages of assembly and weaving is set to begin. 
Forming and Infusion. Once woven, preform sections are cut to size and formed into the EEV shape. NASA Ames has performed several forming trials to develop the forming process. The forming process is the highest risk part of the 3MDCP manufacturing process and recent Ames accomplishments in this area have dramatically reduced the residual risk. Once formed, the preforms will be infused with phenolic resin, creating a rigid part that is then machined into final shape and bonded to the EEV structure. Fiber Materials will perform the forming and infusion processes for all of the near- and full-scale EEV 3MDCP parts to support the development, qualification, and flight production. 
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