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        The In-Space Propulsion Program has been funding some very interesting work related to using large, ultra-lightweight inflatable ballutes for aerocapture at Titan and Neptune.  This work is a continuation of work by a team of NASA, Industry, and University partners that was initially funded by the now-defunct Gossamer program to study aerocapture at Mars using ballutes.  An ultra-lightweight inflatable ballute  is able to survive entry because it generates the required deceleration force at extremely high altitudes, where the peak aerodynamic heating rates are low enough to be tolerated by existing thin-film materials, such as Kapton.  Thin film, inflatable structures provide an extremely large surface area to provide large drag at a much lower mass than typical aeroshell approaches.  Furthermore, ballutes enable much less constrained payload packaging requirements than aeroshell approaches.

For aerocapture, the ballute must be released at the appropriate time in order to achieve the desired conditions at atmospheric exit. These preliminary aerocapture studies included a search phase to determine the appropriate entry conditions for a specified ballute size.  The ballute was not released during this characterization phase,  which was primarily trying to determine the upper bounds on the conditions that would lead to aerocapture.  Trajectories that entered the atmosphere with slightly steeper flight path angles than the value that barely resulted in aerocapture would eventually land on the body, while those with slightly shallower entry flight path angles would exit the atmosphere on a hyperbolic departure trajectory.

        For the aerocapture study, trajectories that landed the payload on the surface were "failures",  but with the appropriate payload, such trajectories could be highly desirable!  Since the peak deceleration loads and the maximum heating rates occur before the ballute is released for aerocapture,  a ballute that is suitable for aerocapture, would work equally well for landing a payload on the surface.  In fact, an aerocapture ballute will eventually land because it is released in the atmosphere.  Some very interesting dual payload missions could be flown, where an orbiting component is released  at the appropriate time and propulsively achieves orbit as described by the previously mentioned studies, but where a second payload remains attached to the ballute and drifts down to the surface with the ballute, which would act much like a parachute after the orbiting component is released.

        Since ballutes are still in the early development phase, the proposed presentation is meant to stimulate thinking in alternative approaches to Entry Descent and Landing.  Some of the recent advances from the aerocapture study will show that ballutes are still a viable candidate technology for both aerocapture and entry, descent and landing.

