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ABSTRACT

Attitude estimation is one of the key techniques in the flight operation of atmospheric entry capsules. A flight test of
Membrane Aeroshell Atmospheric-entry Capsule (MAAC) was conducted using a sounding rocket, S310-41, at the
Uchinoura Space Center on 7" August 2012. For the purpose of identifying Mach numbers, angles of attack (AoA) and
angles of sideslip (AoS) relative to the external flow in its supersonic flight phase, air data sensors (ADSs) were
equipped with the hemispheric nose of the capsule. The ADS system is composed of an absolute pressure sensor at the
stagnation point, 4 differential pressure sensors at 45-degree position on the nose and one differential pressure sensor for
the backpressure measurement. Mach numbers was estimated based on semi-empirical relations. AoA and AoS were
evaluated with the use of a wind tunnel experimental database of the relations among Mach number, differential pressure
ratio and attitude angles. The Mach number variation estimated from the flight data showed a good agreement with the
one evaluated using Radar tracking data when the Mach number is lower than 0.4. AoA and AoS were estimated at
Mach numbers ranging from 1.7 to 3.5 based on nondimentional differential pressure ratio. The frequency of the angular
motions is approximately 2 Hz and is equal to the Euler angle frequency measured with a 3-D motion sensor. The
amplitude of attitude angles varied from 15 to 5 degrees as the vehicle descends.
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