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(GEER) MFIXEE DA (400 words)

For a future Mars exploration, an aerial exploration probe is under consideration. In order to
fly in a low-density environment such as Mars, it is important for the probe to have a
large-area wing and/or high-performance airfoil characteristics. A parafoil is a flexible wing
and has the advantage in the transportation of large area wings to Mars. For applying a
parafoil to Mars exploration, a parafoil should be specially designed for the flight in the Mars
environment, because it was reported that the conventional parafoils cannot be deployed in
low density atmosphere. Therefore, we have developed a parafoil that can be deployed even in
the low-density environment. That is a partially-closed type parafoil. This parafoil has an |
inflatable spar inside and can be actively deployed by gas injection. In addition, the drag was
reduced and the lift to drag ratio of partial closed type parafoil is improved by eliminating the
air inlet that is equipped with the conventional parafoils. In a drop test using the
partially-closed parafoil, it succeeded in the deployment in the air, but did not glide. Therefore,
the purpose of this study is to clarify the mechanism of stable flight of the high-performance
parafoil using the attitude stability analysis, wind tunnel experiment and drop test.
Furthermore, based on the stable flight mechanism, we propose the methods to stabilize the
flight of the parafoil and verify its effectiveness. In addition, we design a Mars probe using the
stabilized partially-closed type parafoil and confirm its feasibility.

This thesis consists of the following contents:

Chapter 2 describes the results of wind tunnel experiments and the deployment tests are
conducted for the partially-closed type parafoil.

Chapter 3 describes the vertical stability of parafoil-type vehicles. Regarding the longitudinal
stability of a parafoil-type vehicle, we perform the stability analysis based on the longitudinal
equilibrium to understand its behavior. As a result, it is found that the parafoil-type vehicle
can fly stably by setting the parameters of the suspension lines within the appropriate range.
As a result of the analysis on the effect of the airfoil aerodynamic characteristics, it is found
that the stability improvement can be achieved by using the airfoil with the reflection camber.

In Chapter 4, the lateral stability is investigated by performing the eigenvalue analysis on the
equation of the motion. As a result, it- is found that a low drag parafoil such as a
partially-closed type parafoil cannot achieve stable lateral motion, especially in the spiral
mode, when the parameters are the same as those of a conventional parafoil. We succeed in
stabilizing the parafoil by extending the Mean Line Length. This tendency is investigated in
the drop test, and the results obtained in the analysis are supported by the drop test.

Chapter 5 describes the design of the aerial Mars exploration probe.

Chapter 6 summarized this thesis.






