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High Speed Flight Demonstration Team, Future Space Transportation Research Center

Absitract

The High-Speed Flight Demonstration (HSFD) project is the latest in a series of flight experiments in a
research program into reusable space transportation systems being conducted by Japan Aerospace Exploration
Agency (JAXA). The project consists of two phases which use sub-scale demonstrators based on the HOPE-X
(H-II Orbiting Plane, Experimental) winged re-entry vehicle configuration. Phase I uses a vehicle that operates
from a conventional runway to verify an approach and landing system for the final part of the return phase of a
winged reentry vehicle, while Phase I was a drop test from a stratospheric balloon to clarify the transonic
aerodynamic characteristics of the HOPE-X configuration and to obtain data to validate wind tunnel tests and
ycomputational fluid dynamics (CFD) predictions. The Phase I and Phase II vehicles are built from a common
set of core components to reduce costs. The Phase I flight experiment was completed successfully in 2002. The
first Phase II flight was conducted at the Esrange test site in Sweden in July 2003 in collaboration with Centre
National d'Etudes Spatiales of France (CNES), which developed and operated the balloon system. Although
the experiment had to be discontinued after an anomaly of the recovery system resulted in damage to the
vehicle, flight test data were obtained at Mach 0.8, and fully autonomous flight control technologies for the
transonic speed region were demonstrated. The data obtained from the HSFD project are expected to provide

essential information for development of future reusable space transportation systems.
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Latitude (deg)

21.0 | :
Longitude (deg) :

25% Scale of HOPE-X|
Mass : 500 kg
Length :3.81m
WingArea :3.14 m2 |
MAC :15m
Wing Span :242m | |

Fig. 4. Three View Diagram of Phase I Vehicle

Maximum dynamic pressure 15.7 kPa DI DT E% Fig8 [Znd. ZOFRR, 7=
Maximum aerodynamic load +35-10G —XNMOMITEIIT 1 BORITESR THEIN
Maximum descent rate before landing 6.2 m/s Brblicste.

Maximum impact acceleration at landing 8G
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(a)Pre-Launch Check (b) Launch (c) Release
Fig. 5. Photos of Flight #1
Table 2. Flight #1 Time Sequence o ., , SOkm
Time after et :
Event Release (s)
Release (Altitude 21.3km ) 0 ~ 882
Constant Mach Phase Start (M0.8) 29 o
Deceleration Phase Start 75 2
Return Phase Start 82 s
HAC Capture 127 = 680
Final Approach 148 o
Recovery Phase Start 256
Touch Down 318 - 3 3
678555 —— —37s
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Fig. 6. Time Histories of Flight #1 (c) Altitude vs Mach

Fig. 7. Trajectory of Flight #1
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Fig.8. Phase I Vehicle after Touch Down
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Fig. 9. Design Requirements for Navigation, Guidance and Control System

20 FUT IS 0 B SR TR R
Mach Number :1.2,1.05, or 0.8 =0.03
Constant Duration : more than10 s
Mach  AoA Sweep Range : wider than 10 deg ~ 2.5 deg
Phase AoASweep Rate :-2deg/s ~ +2 degls
Altitude : higher than 11 km
Recovery Position : within Recovery Cone
Interface  EquivalentAir Speed : less than 103 m/s
Through Dynamic Pressure : less than 15.68 kPa (160 m/s EAS)
the Flight Normal Load Factor : -1.0G ~+3.5G
Prohibited Area : no entry
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Fig. 11. Time Histories of Flight #1
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Fig. 14. Elevator Angle of Flight #1
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