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Abstract:

In the post-Space Shuttle era, the frequent and economic return of science samples and space-manufactured
items from the International Space Station (ISS) will innovate the space industry. For this, NASA has been
developing a Small Payload Quick Return (SPQR) system, of which the concept of operation consists of
three phases (orbital decay, reentry, and final landing) such that small payloads can be delivered to a safe
and accurate location on the ground. Current studies on the payload return systems have mainly focused on
developing guidance laws only for the orbital decay and parafoil phases and developing thermal protection
for the reentry phase. This seminar proposes onboard guidance and vehicle design approaches for the
reentry phase that can improve the landing accuracy of the SPQR mission. The trajectory analysis indicates
that the concurrent optimization of the Reentry Interface (RI) and Ballistic Coefficient (BC) of the reentry
vehicle can improve the final landing accuracy. Therefore, the onboard guidance that includes an air density
estimation algorithm based on Inertial Measurement Unit (IMU) and Global Positioning System (GPS)
measurement is proposed here. As the optimal BC is coupled with the RI, the reentry vehicle's BC should
be configurable to interact with a dispersed RI, so an angle-adjustable tail design is adopted and
implemented.
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