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ABSTRACT

Hypersonic Flight Experiment (HYFLEX) was completed successfully on Feb.
12, 1996, as one of the flight experiments for the development of HOPE (the
H-11 Orbiting Plane ) under the cooperation of NAL and NASDA. The HYFLEX
vehicle(4.4n long, 1.36m wide, 1.04w high and 1073kgf weight) was launched
by a new J-1 rocket at the Tanegashima Space Center and flew along an
approximately desired trajectory similar to the plan after both vehicles had
been separated as almost planned. The flight data were obtained and are
analized in detail.In this paper we describe on the navigation system and
actual flight path analized using the flight data of the HYFLEX vehicle.
Also, the accuracy of the inertial navigation system are discussed.
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Fig. 3 Flight trajectory projected on the Earth surface
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Fig. 6 Attitude command during the flight
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Table 1 Required accuracy of navigation for guidance and control

Evaluation point

Required accuracy of position

Required accuracy of velocity

Maximum aerothermo-

dynamic heating rate

Maximum drag

acceleration

Maximum dynamic

pressure

Vertical error: =+ 1knm

Vertical error : =+ 1 Ow/s

End of VHF black out

Vertical error : =+ 3kn

End of guidance
(Mach 3)

Vertical error 5km

<=+1.
Horizontal error : ==+20 km

Required accuracy of attitude : = * ldeg
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Table. 2° Performances of the inertial mearurement unit
[tems Specification values | Measured Unit
Heasurement range +400 400 deg/s
Pulse weight ; 3. 147 3. 147 arcsec/LSB
Bias stability ¥| <+0.06 +0.027 | deg/h
Scale factor stability ¥k | < 40 +20.25 | ppn
Gyroscopes
< 1£60/0~120 deg/s +60 ppm
Scale factor linearity < +£250/120~220 deg/s | =250 ppm
< 160/220~400 deg/s | =60 ppm
Random walk < (. 048 +0.038 |deg/v'h
Noise level <+0.33 (0-P) +0.14 | deg/s
Measurement range +20 20 G:Gravity
Pulse weight 0.00119 0.00119 | n/s/LSB
Bias stability x| <115 =38.30 | uG
Accelerometers
Scale factor stability ¥ £+144 +55.62 | ppm
Scale factor linearity <18 +18 1 G/G?
Vibration error coefficient | <10 10 1 G/G?
Noise level <%0.2 (0-P) +0.17 |G
Miss-alignment <=*30 +30 arcsec !
Update rate 40 40 Hz ;
Initial alignment : Directional angle < +(.60 *0.125 | deg
Alignment time <30 29.9 min.
% Stability during 120 days *x Stability over 120 days
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Table 3 Results of the error analysis of the inertial navigation syetem

Evaluation point | Items Down range | Cross range | Altitude { Magnitude Unit
Maximum dynamic Possition +1.64 +10.51 +1.01 km
pressure errors
(£30 RSS)
Velocity +3.70 +29.50 +3.21 +3.82 n/s
errors
Attitude Roll:+0.30 Pitch:+0.65 Yaw:+0.41 deg
errors
End of VHF black Possition +3.62 +10.77 +1.08 km
out errors
(*+30RSS)
Velocity +4.16 +23.15 +3.07 +4.18 /s
errors
Attitude Roll:+0.30 Pitch:*0.64 Yaw:=*0.42
errors deg
End of guidance: | Possition +7.85 +10.38 *1.29 km
Mach 3 errors
(+30RSS)
Velocity +5.42 +10.34 +2.87 +5.44 /s
errors
Attitude Roll:*+0.34 Pitch: +0.45 Yaw:*0.60 deg
errors
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Table 4 Separate condition of the HYFLEX vehicle from the J-I rocket

Items Measured Planned Unit
Time from L/0 238.4 238.0 sec
Altitude 107.1 109.1 km
Longitude 135.736 E 135.728 E deg
Latitude 30.498 N 30.492 N deg
Velocity 3.895 3.903 km/s
Flight path angle -1.7 -1.8 deg
Directional angle 87.2 87.4 deg
of velocity

Table 5 Navigation performance of the inertial navigation

system (Flight results)

Evaluation point Items Down range Cross range Altitude Unit
Maximum dynamic Possition +0.26 —0.68 —0.15 km
pressure errors

End of guidance : Possition —0.68 —0.68 +0.07 km
Mach 3 errors
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