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EVALUATION OF THE GUIDANCE, NAVIGATION AND CONTROL SYSTEM FOR OREX
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ABSTRACT :

The Orbital Re—entry Experiment (OREX) vehicle was launched and
inserted into orbit by H-Il rocket. After one revolution, the OREX re-entered
the atmosphere and collected experimental data.

Guidance and Control System of the OREX performed attitude control
and de-orbit maneuver automatically, made a safety flight during re-entry phase,
and succeed in splashing down the OREX intc the 3o error ellipse whose size is
140km X 30km. Besides, as to the mission for the HOPE or re-entry capsules, the
data of IMU/drag-measurement integrated navigation and attitude control during
re—entry flight were acquired.

This paper present the status of the hardware of Guidance and Control
System during the flight amd the evaluation result about navigation, guidance,
and control
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fig.1 Guidance and Control System of the OREX
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table.1 the status of the hardware of

the Guidance and Control System during the flight

telemetry for monitor

requirement

working status

IGC internal power +5\V 5+£0.7V 4.89~4.91V(No.1),
5.15~5.17V(No.2)

CiU internal voltage 5x0.7V 5.15V(+5V),5.26V(I/F+5V)
0.04arcmin(pitch),

IMU servo error - -0.36arcmin(yaw),
—0.28arcmin(roll) at Lo+78min

IMU DC input current 24EX20A | 2.96~3.20A

IMU 400Hz inverter current 0.96~3.36A| 1.78~1.94A

IMU mean gyro temperature 70£6°C | 70.8~71.2C

IGC : Inertial Guidance Computer

iMU : Inertial Measurement Unit
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CIU : Contro!l Interface Unit
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table.2 the requirement and the result of the IMU inertial navigation

requirement result
Pasition error (Down range) 54.39km -5.54km
Position error (Cross range) 1.74km -0.07km
Position error (Height) 1.28km 0.18km
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fig.2 Position error of the IMU inertial navigation
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fig.3 Altitude Error of the IMU/Drag—Measurement Integrated Navigation
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fig.5 Trajectory during the De-Orbit Maneuver
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table.3 The Evaluation of the start time correction

(Dcorrection by changing of the nominal sequence™ ! 7.2 sec
(Dcorrection by orbit injection error by H-I| 6.5 sec
(Dcorrection by the errors about OREX IMU 0.7 sec
Total 14.4 sec™
*1 ++++ nominal sequence of H-Il rocket is changed from DTO to BET
*2 +- -+ actual correction value is 14.35sec
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table.4 the time sequence of the De-Orbit Maneuver

Result Plan Difference
the start time 6063.5 sec 6068.0 sec - 4.5 sec
the end time 6348.3 sec 6365.3 sec ~-15.0 sec
the burning duration 284.8 sec 297.3 sec -12.5 sec

table.5 Main Orbital Eiements at the end of the De-Orbit Maneuver

Result Plan Difference
Velocity 7468.68m/s 7469.37m/s -0.69m/s
Geocentric Radius 6807.87m/s 6807.35m/s 0.52m/s
Orbital Angular moment 5.08339%X10'"m”/s |5.08349%x10'°m7/s| 1.0X10°m?/s
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table.6 The Evaluation of the Downrange Error on Splash Down Point

Error Factors Down Range Error
(DError caused by orbit injection error by H-1I -45~-30km
@Error caused by navigation error less than = 10km
(@Error caused by thrust misalignment on de-orbit -35~-25km
DError caused by thrust level on de-orbit -50~-45km
(®Error caused by environmental errors during reentry flight less than = 10km
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fig.6 Splash Down Point
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fig.10 The attitude motion during reentry flight (yaw rate)

Thic dociiment i nrovided hv TAXA



HOPE/OREX7— 73 3 » 7THRHRE 129

7. F&0

OREXDFHRERIY 7 bATMSEKRKETEFITEREL T I &% R
Lizs
ks Rz LTS, IMUBEHMEESHEOWREEMEL TA I &2 L
120 Fto. Ty varvRENBESHONTOIIMU - FZ 97 XA V9 AV FEE
BEEICOW T, MiEEEOFMAE T 7. 5%IE. IMU-FS vy 7 AV Ay
FEAREOBSD S KRETNVEDORE UK A1T0. HO P EEAOIH#k
LT FETH S,

FEAA BRI T, EEREGBA s L LYy T R ELPLE
BERREAEICE L TR AT 70, Fho, BARSIZEL T, FINCRE UICEKS
SEPIZIZFAETEIENTELD, FREBENREDSTID T, HKEBREN
HUKREBRBERORG AT -7 5% b &EHE. HKABRZOFMEIT-TH
CTFETH A,

FIEESRICBEL TR, L7 « —XIXBOTE. FREDHE TREREETH
IENTEI, Ty BEATZ7z—AXDEYF /3T LY DRBEHITIOT
3. PRLUTORREY — AIEORBEFHVEL TS, &IIEHKEE. J0K
PRENE LTI L TOCTETH S0

W

% 3Hk

1. lzumi T,Kawano 1,et. al, 1991, “THE ORBITAL RE-ENTRY EXPERIMENT
VEHICLE, AND THE FLIGHT EXPERIMENT OF GPS NAVIGATION FOR HOPE
* Proc of 1st ESA Intemational Conference on Spacecraft Guidance, Navigation

and Control Systems, pp145-150.

2. jzumi T,Kawano |,et. al,1991, “THE DEVELOPMENT STATUS OF OREX
(ORBITAL RE-ENTRY EXPERIMENT) PROJECT IN JAPAN", Proc of 42nd
Congress of the International Astronautical Federation, IAF-81-174

Thic dociiment i nrovided hv TAXA



Thic dociiment i nrovided hv TAXA





