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THE DEVELOPHENT OF THE H-II ROCKET

NASDA Yukio Fukushima

The H-II launch vehicle has been developed totally from domestic
technologies, the essence of Japanese launch vehicle technilogies,
applied in every stage, to make a world-class, large, two-stage launch
vehicle capable of launching a two-ton satellite intc geostationary
orbit. The vehicle will be Japan's main workhorse to meet the future
demands for large satellite launches.

The success of the launch implies that Japan’s launch vehicle technol
ogies have reached the world-class level and that Japan has secured a
fundamental transportation capability to develop extensive and diverse
activities.

The development of this particular launch vehicle often encounted
technological difficulties and required ten years to complete.
Development of the first-and second-stage structures, second-stage
engine (LE-5A), solid rocket boosters (SRBs), payload fairing and onboar
delectronic equipment proceeded satisfactorily. However, it turned out

that more advanced technology vwas required for development of the main
engine (LE-7) for the first stage.
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=A 1. Payload Fairing 2. Payload Attach Fitting
3 3. Guidance Section 4. 2nd Stage LH Tank
7 3 5. 2nd Stage LOX Tank 6. 2nd Stage Engine{LE-5A)
— 6 7. Inter-Stage 8. lst Stage LOX Tank
9. Center Body Section 10. 1lst Stage LH Tank
AN 11. 1st Stage Engine Section 12. Auxiliary Engine
e 13. 1lst Stage Main Engine (LE-7)
[_" 14. Solid Rocket Booster {SRB)
. | T
4} g 8
/
9 A
L R W
a8 10
]
é
¥
L1 i 0
11 . R
:}E v 12
SR
14 - =
ltem Specification
Overall fength 50 m
Diameter 4m
Total weight 260 tons (not including payload weight)
1st stage SRB 2nd stage
Propellant LOX/LH2 Solid propellant LOX/LH:
Propellant weight 88 tons 118 tons (2 units) 17 tons
Thrust 86 tons (at sea level) 318 tons {(at sea level: 2 unit) 12.4 tons {in vacuum)
L Max. 609 sec
Burning time 346 sec 94 sec (With restant capability)
Specific impulse (in vacuum) 445 sec 273 sec 452 sec
Total weight 98 tons 141 tons {2 units) 20 tons
Outside dimension 41 mxi2m
Payload : i (Model 4S)
fairing Usable volume $3.7mx10m
Guidance system Strapped-down inertial guidance system

Fig 1 Configuration of the H-ll rocket
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Propellant weight (LOX/LH2): 86 tons

First stage engine: LE-7 engine

Burning time: 346 sec

Auxiliary engine (for roll control):
Mixed gas bleed system using GHz2 from main engine
and primary combustion gas (On-off control system)

LE-7 engine characteristics

Propellant LOX/LH2
Thrust 86 tons at sea level, 110 tons in vaccum

Mixture ratio 6.0

Engine cycle Staged combustion cycle

Combustion pressure 130 kg/lcm? A

Specific impulse 445 sec in vacuum
Cooling system Regenerative
Expansion ratio 52:1

LE-7 engine firing test ) Overview of the first stage

Fig 3 First stage propulsion system
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Solid rocket booster configuration

Thrust bracket
_] Motor case Propellant Movable nozzle Actuator
1

é1.8m

! i I ape—

f ! !

! Nose cone Forward adapter Nozzle drive device Aft skirt

i 23m

{ 1
1st segment 2nd segment 3rd segment 4th segment

Segment number: 4 segments/booster

Propellant weight: 59 tons per booster

Propellant: 149% HTPB™'/18% Al*2/68%0 AP*3

Thrust: 159 tons per booster (at sea level)

Specific impulse: 273 sec (in vacuum)

Burning time: 94 sec

Thrust vector control: Movable nozzle with flexible joint (nozzle angle + 5°)

*THTPB: Hydroxyl terminated polybutadiene
*ZAL - Aluminum powder
*IAP . Ammonium Perchlorate

Flgm4 ,, wéol{d—"f‘ockeit”‘booéfer

SRB static firing test
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=7~ Separation Nut(4)
o T~

l//

N / \E;;S/
.. ! \

Transfer Block

Shock aullll
Absorber =

ESMDC

Detonater Block

Frangible I ESMDC: Expansible Shielded Mild Detonating Cord
Bolt A

Before After

Separation Separation

For single launch
Model 4S: 4m diameter x 12m length
Model 5S: 5m diameter x 12m length
For dual launch
Model 5/4D: 5m/4m diameter x 14m length
Model 4/4D: 4m/4m diameter x 15m length
Separation method: Clamshell type.
Separation mechanism: ,
Separation force provided by springs after release of frangible
bolts by the elliptical tube with MDFF*.
(*MDFF: Mild Detonating Fuse for Fairing)
Material: )
Lightweight structure with ‘aluminum honeycomb core and skin.
Weight: approx. 1.4 tons (model 4S)
Payload:
®Model 5/4D and Model 4/4D fairing can encapsulate two
satellites.
®Model 5S can encapsulate a 4.6m diameter shuttle com-
patible satellite

Payload fairing searalion test

Fig 5 Payload fairing
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Inertial Guidance Computer
The Inertial Guidance Computer generates signals for flight
control of the H-ll, utilizing data from the Inertial Measure-
ment Unit, and transmits them to the Data Interface Unit.
Main characteristics
CPU: Memory capacity 32 K words
Data word length (single) 16 bits
(double) 31 bits
Inertial Measurement Unit
The Inertial Measurement Unit measures vehicle's angular
velocities and accelerations and transmits these data to
the Inertial Guidance Computer.
Main sensors

Ring laser gyros 3 units
Accelerometers 3 units
SRB x 2
-
N
ZND TANK <]A.E X 2
16 e, 15T TANK
IMU HH DIU ; Je17sr8
: LE-7
' JLE-5 E-PKG
L
#2 ;

E-PKG Y6 x 2 LAMU

IMU : INERTIAL MEASUREMENT UNIT.
IGC : INERTIAL GUIDANCE COMPUTER.
1Gp . INERTIAL GUIDANCE PROGRAMME.
211V} : DATA INTERFACE UNIT.

E-PKG : CONTROL ELECTRONIC PACKAGE.

LAMU LATERAL ACCELERATION MEASUREMENT UNIT

FiQ 6 Guidance and control system
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BATL EFAENAFE 2B 0y v bTH 5B, BARIZL 98 6 ENOHIEIH. R
28 (H-0 - 1 F) 3teERERHE1o—F (VEP) RUSEHEALBER (ORE X)
AL, 1994 2H48FRITH2 00 BFEFHE 7—SEHEM ST ETF SN
725

o4y MEY 7 b 7. RUTEHEICHE > TIESEICRIT 250, OREXEVEPAFEL
TEEICBRA LT, O, oy POBE. SHIRBIFIITbN. FTELALT -7 Z0ET
52 C‘:i)‘fg f:o

O4 vy PORRIZFFICKEUHEL L. EFICEE L. OB - HEZRET LS H0D
ThoteEZ ohb, T EFEEA. TEIBEZGRUER AR EIILNOREBEE T4
ICBRLTE D, SBROFEEIT L ISH U THE L A HIFII U,

H-II1 LAUNCH VEHICLE FIRST FLIGHT

National Space Development Agency of Japan Mamoru ENDO

The H-II launch vehicle has been developed by National Space
Development Agency of Japan(NASDA), to meet demands of heavy 1lift
launchers for various applications in 19%0s. The first H-II was launched
at 7:20 a.m. on February 4, 1994 from the Tanegashima Space Center with
two payloads, the Vehicle Evaluation Payload({VEP) and the Orbital
Reentry Experiment (OREX).

After lift-off, the H-II flew as planned and placed OREX and VEP into
the respective target orbits. During flight, tracking and telemetering
were conducted properly and the flight data was acquired.

The flight data show that its functions and performance were almost
satisfactory to those as specified. There 1is no problem for the
forthcoming satellites launching as far as the payload capability, the
environment and the orbital injection accuracy are concerned.
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O BMERITI. BONITUA—F—F—IM6. v va IIREELREASXHUME
1370 L EBICEBI U S EN S, UTIC754 bF—7BEETRT,

% 1 R #4038

R #742Kg/cm2a

LOX/LH2% > 7 & EEEIEEEFEL0X: 2. 900. 05 kg/cm2a)
(LH2:2.50%0. 05 kg/cm2a)

8 2 [l iy £7158%

BRIEE S #743Kg/cn2a

BigsEcaEs BiF

BOBRLE-S5ALZVY VIR BohiTFUA—F—F—rho. Iy a  ilEBEEZ
ZES5HEEIIL . EEIEB LicEEn5, LUTIC754 b TF— s BEZTRT,

#EE K
BREEE #342Kg/cm2a
LOX-R o 7 EEREL #718000rpm
LH2A o FlElEs%k #752000rpm
LH2%-E" v AEE #3647K

LOX° v7° A" 7Yy (B EE #198K
LH2# v7° A" 7Y )" {BEE #31K
JAT WA~V RTEVREE #1428K

&K
#743Kg/c
#718300r
#153300r
#1658 K
#199K
#132K
#7408 K

BREEE 17— 7 DEFRIZEE R4, 2. 3. 2-1, 2137

4. 2. 4 BER

m2a
pm
pm

PGB OFSE
41. 27Kg/cma
17700rpm
51500rpm

636. 8K

98. 35K

37. 32K

B1BRRUE2BRERD. IV bo— VA, FHIBARST D VAOZEMIZ. RITTFD
LHMABLT. HEBE27~34VDCOBEHAIIH -/, E*DEWEXEHE. 8~17.
8 COMHEATHRE LTSV, FEEREE UTHERAL, £, SRR TIHEE

EH. TRTHEBEDOHEBATH -7,

PDBRUSDBHROY—4 v REKIZ. [ GCTF4 X7 ) — MEFHINTER UTIEFIC

YEEI U7co

Rl 1| SBOLRTHMZEL T, BEROEFHREETRTEE TS FICHELL

5 &I IEBRIIBD SN -T2,

PDB:Power Distribution Box, SDB:Sequence Distribution Box

IGC: Inertial Guidance Computer

4. 2. 5 FHEHER

BRINFESEFY S X7 L0N—FY 273, BEFERFBESHEE b BIFTRBITR
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W5, ZOREE 2RSS EEICIZIZIFEER ) oI A I N,

BIRT YUY VAR, B 1 ROSBEHMICE O TETEREIFEHL. 7Y
TurZSLL—MROFEI< Y FIZHUTEFEICRE LIz, Fio. KEPRITEICKIT S
EwF, I—HFARBHBERFL Y D OFEAREBRITRHOFIIIIITF—H LI, £/l 81
BERATHICEEIZIER LA BB I RSHTIO FRIOEHEMICH H . BIFiCH@EEhi,

EB2RIVU VDU UNIEIARIIE 2RI U BB, H AV .y MIERIZE 1R -
2B EELIE. IEEICEBIL. Y oSS AL — P RUSFEEIT Y RISH UTERFICIENE
U7ze 52 BT RUOZOHDBHRITHICERIKICERA Lo —INEE—A V POARE X
3. REFOTROEHHANICH D BRIFICHIEINI, :

B, B2RBEEL (SECO2) FTOHRY v MEEEIZ. RENOTFH (BX)
DF44%THH. HTRV 2 v FEEICHUTHLRITERICHBIZ B -7y (HFRV v M
HEREEHEIIH2k) o

4. 2. 6 EFHBER

%1 BRRUE 2 RICEEIN/EHLEERES (SHFEH7 LA -5, B1 RV HFER
TUA—Z  B2BVHF 7L A—=%, UHF7UL A%, 1eSHERER. L5 P70 R
R 13 WINLLRRITIRZE UIERICEE LT,

UHF 7V A—=%13, F2UTVA=FRTHE T8~ 1 0 0BOHMEREODy 7 - 7

ZREZEREIIBFTH -7
V=¥ S5 RARVY (CLRRUC 2% 3. BFERE/NEFERBOTIMIRIFICITD
N7

B, BEEBEORF Y V7 REE. BBLHRARITIORE Y V 7BITHERELSDTH D,
RSB - 72,

4. 2. T 77V 7%
BEREBRIIZITUELVOERTHD . MEOCSTHHENDBAHDORTHMEIL
AN

T 2T Y TS EEOSEBEEERTSFAELUTTHY . SEEBHBIIER IR LIS
EzZ oMb, 2. FEBOITEBEMEEIKICRENTNIENS, 727 VIO 8
RBIEFETH-7EEZZ 5N 3B,
NEBBIZIZIIFABY ODERTH . N MV TREFBIEE LI EEZONE,
BEEBEEIBB TR DR TH Y. ZHME. MABEZRUANZEZICLISEIR
MIEEN -7 EEZ o5,

4. 2. 8 KL%
754 MDY= VARUMEEDT =500, EABBRERNT, AKX - 4EOKTS
T NTIEFI/EE LI Z 2R LT,

4. 2. 9 [EkorvybT—-RF%R
E— Y OBMBUIIERE T, BREES. BRESBELICITITRBEYOERTHH. EHADNS

Thic dociiment i nrovided hv TAXA



HOPE/OREX 7 — 73 3 » 7H#HiEaR T E 19

VFEFONSCBHUEHRTH -7, (K4.2.9-128) £/, BERICBRERUEL J XVE
B bIREESICEM L. EFIFE LI, BERICOVLTHRMELE -7,

5. F&¥

H-no4ry MREE 1 S84, HEREARI o— FRUMEBEAEZRIEAEEHE LIT L
. HEEREZRARAS o— NItk 5. ITLITBREOHIE. GESMBEDKDR., BILEERLS
VAT 7 BBEANOR AR HER A E ORI N HEERZERS o— FEHEREAER
BORET EFIC L A THROSEHFEET LUBRHROERBICOVT. FHEIE T — 7 DR E %
EL. H-D1 o4 v POBERUHEELESRTE

ITEFHENIC DO TIRAEDRRENS S VA7 7 BB 4 b ORA O— FERATE
LRBLMMESNI, Bl fTL LTRERERUHERABEIC DO TUIIT LIV SEEICE D
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#1-1

H-1o% vy bOEEET

MAIN CHARACTERISTICS OF H-II

OVERALL LENGTH 50m
DIAMETER 4m
TOTAL MASS 260t
PAYLOAD MASS (GTO)/(GEQ) 41/2t
(STAGES) 1ST STAGE SRB 2ND STAGE
PROPELLANT LOX/LH2 COMPOSITE LOX/LH2
PROPELLANT MASS 86t 118t 17t
THRUST 86 t(S.L.) 318{(S.L) 12.4 t(VAC.)
DURATION 346 s 94s 609 s max.
Isp 445 s 273 s 452's
TOTAL MASS 98 t 141t 20t
FAIRING 41 mx 12 m (MODEL 4S)
GUIDANCE SYSTEM STRAPPED-DOWN
#4.2.1-1 #$EEHE

Orbital Elements at OREX Injection
ORBITAL ELEMENT PLANNED FLIGHT DIFFERENCE TOLERANCE(30)
TIME FROM LIFTOFF(sec)  778.2 776.1 21 ——
SEMIMAJOR AXIS(km) 6826.3 6827.7 1.4(0.80) 56 TO 5.5
ECCENTRICITY 0.00025 0.00010  0.00015(-2.30)  -0.00020 TO 0.00101
INCLINATION(deg) 30.501 30.502 0.001(0.10) -0.032 TO 0.033
PERIOD(min) 93.5 935 0.0 -

Orbital Elements at VEP Injection

ORBITAL ELEMENT PLANNED FLIGHT DIFFERENCE TOLERANCE(30)
TIME FROM LIFTOFF(sec) 1682.7 1677. -5.7 -

APOGEE ALTITUDE(km) 36210.2 36261.2 51.0(0.70) -208.7 TO0 220.2
PERIGEE ALTITUDE(km) 4498 449.0 -0.8(-0.70) -34TO34
INCLINATION(deg) 28.600 28.606 0.006(0.40) -0.042 TO 0.042
ARGUMENT OF PERIGEE 161.265 161.297 0.032(0.20) -0.463 TO 0.449

(deg)
PERIOD(min) 644.2 645.2 1.0 —

Thic dociiment i nrovided hv TAXA



I (km)

altitude

HOPE/OREX7—7 v 3 v 7#EALE

21

K1-1 H-Dwo4y vy MERK
12
2 57 10
VA | I 5
: Y | 1
\ —-) [ ; 'EWE] S—r—p—t—vri t——r
1% IW/ / 7
1 l \
® s 1 1
1. PAYLOAD FAIRING 2. PAYLOAD ATTACH FITTING 3. GUIDANCE SECTION
4. SECOND-STAGE LH; TANK 5. SECOND-STAGE LOX TANK 6. INTER-STAGE
7. SECOND-STAGE ENGINE {LE-5A) 8. FIRST-STAGE LOX TANK 9. CENTER BODY SECTEON
10. FIAST-STAGE LH, TANK 11. FIRST-STAGE ENGINE SECTION 12. FIRST-STAGE MAIN ENGINE (LE-7)
13. SOLID ROCKET BOOSTER (SRB} {2PL.)

B4.2.1-1 =K - HRmEE

FLIGHT TRAJECTORY OF FIRST TEST FLIGHT
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! Best Estimated Trajectory(BET)
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FHEREFTFORMEHBILOWVT

AL ZE T W B9 BT ZE BT OF & & &~
FHHEEFEH T —

KA EOFHBELRA741), H-T o vy PoORBRIRIICLD, 1LY
Ty PMCHLTRBERO K#ELEALLELXL), RELYBHOBROFHMZ
FEOHETREYT 2 &, FHERERNOBRIRIRLEEZ2HFH L LTIMNE ST LN 5
ThHb ). AR ER, RAFAFOFHARIAARILERLATRBEE OB LW
BT L2BMEHERAXER (OREX) , BEEERFTER (HYFLEX) , S B EH
ABEER (ALFLEX) RUFTHERHHABRMB (HOPE-X) DM REFHE I 2w T
3T 5,

RESEARCH AND DEVELOPMENT ON SPACE TRANSPORTATION SYSTEM
National Aerospace Laboratory Toshio Bando

National Space Development Agency Tetsuichi ito

The target on sace activity in the end of this century and early part of next century is to
develope a space vehicle in Japan. For several years, Japan has studied the H-II Orbiting
Plane (HOPE) which is a spaceplane to be launched by the H-II rocket early next century.
We have four technical flight experiments to realize HOPE. This paper describes these four

experiments: the Orbital Reentry Experiment (OREX), Hypersonic Flight Experiment
(HYFLEX), Automatic Landing Flight Experiment (ALFLEX) and suborbital flight

experiment (HOPE-X).
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1 Lo

KL DBFEOHROFTERREEHLIRET S L, EXDPLOBEHEXEME
ES0ETFEE M, FhotrHpme LT, TEERAOHELLTERL-WE
BEXREDUE LY - VC20BRHR, EXEESTL25HRBEANAERLSFHZ 7
— a3 VY~NOANE PDEOHEEGETFEOERBENTFTH IR L, 25 LAFHEIE
BOoOEMLKESEL - LoD BRI ERBO L2 A F 4 (F
WHAY7F5AbPI2F %) OBREINEETH), P TOILFH ITIBLEESLAAE
ERDEPRBALCFHAEBE VAT LOERIEBERRE L 25, BBA, AR
DFHMAEEH T, KEBOAR-Z2 - Yy b rbtosy70v2—-X 77
VP ERBGEFRE L CEACHEEATWVENY, BESBLCLHAENR O B TERR B
ZREYHRITEBD, BUAR—-Z -V ¥ ML, RELDBECRERSEGD 2
HDEHBOREPLEL Zo0TEY, KRBT RHEROoFHEFARBERE LA
TTHREBPEFECEDLAT VL, RAFBHOFHBEY A7 41, H-T O S
yFPOHEBRAKEDCIL D, HEFOory PCBELTREROKEE T AL,

SOOI LB TFTHHRARGEHORZE L, ThICKHERIFPBEIE > TELEEZER
RF Yy v ¥» Vi BI2T, FHEARFTESWBI1993ETH ([FHAERB X X 7 4
BERI KB T, BPBEAOFHARBE VAT L0 ERREODY HITHET 2
BEgEr T, UTO X3 smMFTx4To7%,

3

2w vy y PHETFTRBEAFEEESE (HOPE) | %, REL WP ICE
AT 2L HBELED THARETH S, B THRENE AR R - ¥
Y PLVBEEBEL, RROZTLBHAAMEOTHERBE Y A7 4 (AR—-ZF
L—r) ORMBELBILIEEBHDOB T, RFXEFP ZO0RBNHME* BT 2
THEMHAH D ZTABILERT LI ExFLhiE, ZomMReE 228 ERYE
BRCUHBETLI LR ELLZL, BAREARBOERICY T, 20
MREY BRI TCHEDLILELETL, F—BRBEGIFTHEREFA BRHE
KX I RTER) REC, EEHMPERTRETCELEET 20T H Y,
ECBERNF I ERARBHAR] TH2, [RTEBR] CBw TR, £HHBHR
BOEBRBEMABBICIY, HET LB EALUBREBRKCH 2T T RTE
EESHERKT CUAT) AREFAABBLUTLTCHABRERTGERCTCH 5,
EBRAELE (OREX) , BEBEERITER (HYFLEX) , /A H A ®HF
%8 (ALFLEX) * ¥R LEBEXBEH B I LIRTEELT 9,

OREX RRTERIFBEoOXME LT, 1994FE2H4HOH-T 0% v F BRAT
DRA D= FELTHIRFYRDECK L, B F7-208BK - FHOBRRKEIC
HoThh), ROUERHBRIREEZ2ODHOBIRLEBT>o2%H %5, HYFLEX ¢
ALFLEX QPR 7TEEORITER L BEI, A7 2RI ERDPTHBHIMEK
EFTO6RBCH D,

BB HABRBIEREEH/RAMT, H-TI Oy vy PCX BT LT, BEAD» S
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Fig.1 Flight Profile of HOPE
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3 MEBRAZERHE (OREX)
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ORE X(Orbital Reentry Experiment)#4& D MER*Fig.2 "7,
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Fig. 2 Configuration Layout of OREX
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Fig. 3 Configuration Layout of HYFLEX
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Fig.5 Flight Profile of HOPE-X
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AUTOMATIC LANDING FLIGHT EXPERIMENT (ALFLEX) PROGRAM

National Aerospace Laboratory Masahiko NAGAYASU
National Space Development Agency Hidehiko NAKAYASU

National Aerospace Laboratory and National Space Development Agency
have been cooperating to research the unmanned H-11 rocket orbiting
space reentry vehicle HOPE. In the research, they are conducting the
scale model automatic landing flight experiment (ALFLEX) program. The
purpose of the ALFLEX program is to establish the fundamental technology
for the HOPE automatic landing, especially design method of the HOPE
navigation, guidance and control system and to evaluate the method by
automatic landing flight experiment of a dynamically scaled HOPE model.

The experiment procedure is to carry the scaled automatic landing test
vehicle by a mother helicopter, drop the model at the altitude 1500m at
the speed of 46m/s. The test vehicle automatically fly and land on a

1000m runway. This paper describes an introduction of the ALFLEX program.
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BEEERITERHYFLEXOSE

NAL/NASDA HOPERF R £ B -4 HYFLEX#77 9 4-7°
MEFHERARROAKRER. L&, @8R £, HESE.
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Y727 L, FEEEN., ERIVPRIEBHAEBFIZIODOTENS,

ON THE HYPERSONIC FLIGHT EXPERIMENT (HYFLEX) PROJECT

NAL/NASDA HOPE Joint—Team, HYFLEX Sub-Group

National Aerospace Laboratory Masac Shirouzu, Yasutoshi Inouye, Minoru Takizawa,
Takashi Kai, Yukimitsu Yamamoto, Keisuke Fujii,
Ryouji Takaki, Hirokazu Shouji, Shinji Ishimoto,
Takeshi Ito, Hirokazu Suzuki

National Space Development Agency  Masataka Yamamoto, Shigeya Watanabe,
Takayuki Shimoda, Ken Teraoka, Yusuke Suzuki,

Shingo Murayama, Noriyoshi Saito

A hypersonic flight experiment project of a lifting-body type vehicle named HYFLEX
(Hypersonic Flight Experiment) is in progress by the National Aerospace Laboratory and the
National Space Development Agency as a part of collaborative activities for the development
of HOPE. The vehicle will be separated at a velocity of about 3.9kmy/s from the second stage
of the J-I launcher and will acquire flight data during its glide descent. This paper describes
the purpose and the outline of the experiment, aerodynamic characteristics. sub—components,

and guidance and control of the vehicle, as well as onboard data acquisition. and schedule.
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Figure 1: Schematic Diagram of the HYFLEX Flight

Y

Figure 2: An Artist's Impression of the Atmospheric HYFLEX Flight
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Figure 3: Configuration of the HYFLEX Vehicle (HRV03—530)
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(a) Lift to Drag ratio, L/D, versus Angle of Atack, a

Figure 5: Result of the Aerodynamic Characteristics Wind Tunnel Tests
of the HYFLEX Vehicle
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Figure 5: Result of the Aerodynamic Characteristics Wind Tunnel Tests

of the HYFLEX Vehicle (cont.)

Figure 6: A CFD Result of Aerodynamic Heat
Transfer Rate Distribution
(Mach 7.1, a =45deg, 0 =20deg)

I HYFLEX Vehicle l

~———’ Structure Systemj

aluminum primary structure, c/c nosc cap, ¢/c clevons,
ceramic tiles, flexible insulators

—{ Guidance and Control System 1
OBC, IMU

-———{ Communication and Tracking System —}

PCM telemetry package, signal conditioners,
U/VHF transmitters, C~band transponder, antennas

Power System

PSDB, Ni-Cd batteries, silver oxide~zinc batteries,
wire harness

—-{ Actuator System -}

actuators, controllers

—<{ Reaction Control System !
thrusters, GN2 tank, regulator, valves

—-l Recovery System j

parachutes, floatation bag, location aid

——L Onboard Measurement System

temperature measurement, pressure measurcment,
hinge moment measurement, structure stress measurement,
reflectometer, signal conditioner

Figure 7: Subsystems of the HYFLEX Vehicle
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| Parachutes |

E RCS Tt}_{usteré

‘ c/C Elevg_xl==

Ceramic Tiles

| Etevon Actuator |

[ PCM Telemetry Package |

[ Silver Oxide~Zinc Battery| [~ o
| Inertial Measurement Unit| Length | 4.400m
| Signal Conditioner | Width 1.358m
N Height 1.037m
| Reflectometer Antenna | Weight |  1040kg

[ C/C Nose Cap|

Figure 8: Cutout View of the HYFLEX Vehicle

Table 1: List of the Onboard Measurement items

MESUREMENT ITEMS NO. of POINTS
Temperatures 85
ot tramstar ate ynamic “
cvaluation of TPS 21
thermal analysis of vehicle 20
Pressures 28 O MEASUREMENT POINT
air data system 9
RCS interference 12
others 8 Figure 9: Locations of the Temperature Measurement for
Reflectometers Aerodynamic Heat Transfer Rate Reduction

Hinge Moments

Strain of Structure
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module

nosc cap structure

AN / 4 /7
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spring
sheath thermocouple [ nut
| 1
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Figure 10: A Candidate Configuration of the Temperature
Measurement Module on the C/C Structures

yaw thruster

772722
0 O Y7722

MEASUREMENT POINT
o for RCS interference

A air data system

O others

Figure 11: Locations of the Surface Pressure Measurement

1992 1993 1994 1995 1996
FY92 FY93 FY94 FY93 FY96
Conceptual |Primary] Detailed Flight Data
Design  (Design Design Analysis
. AN AN Assembly
PDR CDR
Development of i\_
Subsystems Flight

Figure 12: Schedule of the HYFLEX Project
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BERXALE (OREX) BE

FHEXEEM ClXxEZE, BRo®B. LK K
MEEXZ., THXE®
MZEFHEBMPTER H LR
MEBRALBR (OREX) @, H- o4 v T LU MERBNE (HO P
E)@W%%%@w%&bf%%?%ﬁﬁ%%@~o?&b\mgﬁgwkﬁ@
BRANCBMALZROTEOZR: - WHEKHAERTIEEHIC. I FETORE T2
W%ﬁ@%*ﬁ%A%@%&?—ﬁ%ﬂ@?é:&n;0\HOPE@%%K&
VTAH5IE2HBELT L B,
MEHRAERBEITIREOFE2 A4 BB FEFE LYY - o H - o4y b
Kibﬂ%iﬁén\ﬂﬁéﬂﬁbkﬁkfﬁmﬁ%kb\:@%E%AKF?
SERBT - ZMG. BRELAE. PHAFELICEKLL. KLBOM %R IZ.
MZEFHBEBFEN (NAL)) EFHHREEEH (NASDA) LOLFMEE
LTHED SN,

OUTLINE OF ORBITAL RE-ENTRY EXPERIMENT

National Space Development Agency
Masataka Yamamoto, Toshio Akimoto
Koji Yamawaki, Motoyuki Inaba
Takayuki Shimoda

National Aerospace Laboratory
Yasutoshi Inoue

The Orbital Re-entry Experiment (OREX) flight experiment 1s part of
the research for the H-II Orbiting Plane (HOPE).

Its purposes are to contribute to HOPE development by accunulating
experience in designing and producing a re-entry vehicle and acgquiring
re-entry data which is difficult to acquire in ground experiments.

The OREX vehicle had been launched february 4, 1994 at Tanegashima
space center and inserted into orbit by H-0I rocket.Vehicle came turn
around over the Tanegashima island. 1t could get experimental data
during re-entry, transmited to data the grand stations after re-entry
successfully, and splashed down in the Central Pacific Ocean.

The OREX project was conducted in cooperation with the National
Aerospace Laboratory (NAL) and National Space Development Agency (NASDA).
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Nose cap

Thic dociiment i nrovided hv TAXA



Thic dociiment i nrovided hv TAXA



HOPE/OREX7—7 > 3 v 7@ifawm L

O 1 S
€.,
19600 \\Q,TVJ
v
3G
L3156 LR
U
& .
e A

eimeee—d - VIF anicnna

| Separalion face
Heat-shield panel _

7 ~
Wieat insulalor — 7 _IHeat-shield panc}
Rﬁq’&; .j\s -~ y farachule assembly
Equipment panel AR

Ay
33400

122

___+><

XY 17T~ 150 N thruster

7 plh
= Fig. !

tical insulalor
Cross s

Onboard electronic
equipmenl

Propulsion module

Batlery 1

Aeroskirl

lioneycomb-shelt! assembiy

Gy Heat exchanger
C-band radar transponder antcina *ﬂ\\

j Kadio Keflector
Gy Bottle - + ;Zf /f ///
oz ST EEE

/‘ VHF antenna

(1)

Parachute
pressurize board

=
F //’/
GN: Pressurize board ““i::::;;;;7?
Access door ——— )
iD connector

Connector

3N, 6N thruster
module

lydragine lank

VHF antcana

> N///// b P
>;‘ "‘f_":t' AT
6 thruster~

GN, Holllc'j

67

(c)

ection

Electrical v J e W

Umbilical Connector

Thic dociiment i nrovided hv TAXA



R 227 H R AIE JE PR B 0K 245

Tabl e 1 specifications of the OREX Vehicle

Shape Cone with a rounded nose

Radius of curvature of the nose: 1.35 m

Quter diameter of the payload: 3.40 m

Height (from the top to the separation face): 1.46 m

Weight At launch: 865 kg, At re-entry: 761 kg

Structure Aeroshell
Nose: C/C hot structure

Skirt: Aluminum-alloy honeycomb with C/C TPS and ceramic-tile
-- TPS

Onboard equipment section:

Aluminum-alloy skin stringer structure with onboard equipment
panels
Radiowave reflector:

Thin aluminum-alloy plate with flexible thermal insulator

Guidance © Autonomous navigational guidance control system using the onboard

control computer and inertial sensor unit

© In orbit, vehicle attitude is controlled by the 3-axis attitude
control system using the gas jets. After re-entry, vehicle attitu-
de is controlled by the passive attitude control system by stabi-
lizing aerodynamics, supplemented using the gas jets.

Basic Propulsion Propulsion for de-orbit
equipment 150-N N.Hy thruster ... 4
Propellant tank (96 kg ea.) ... 4
Propulsion for attitude control
6-N GN» cold thruster ... 4
3-N GN, cold thruster ... 4

Guidance Onboard computer ... 1 set

control Inertial sensor unit ... | set
Control interface unit ... 1 set
Onboard program ... 1 set

Measurement | VHF telemetry svstem (295.0 MHz and 296.2 MHz)... 2 sets
and communi- | Telemetry package (data memory function)... 1 set
cations C-band radar transponder (5586 MHz) ... 1 set

Electrical Battery assembly (20 AH) ... 4 sets
system Power-sequence distribution box ... 1 set

Parachute Ribless guide surface parachute ... 1 set

Temperature sensors

Medium-altitude pressure sensors
High-altitude pressure sensors
Micro-acceleration sensors

Recombination heating sensors

Ablator temperature sensor
Electrostatic probes/thermocouple probes
GPS receiving system

Mission
measurement
equipment

(
(
(
(
(
(
(
(

Pt A e eu R At Y

1
2
3
4
5
6
7
8
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Table 2 Experimental items and sensor specifications

Aerodynamic pressure & aerodynamic heating
during re-entry flight phase
- Surface temperature to vehicle in the cause
of aerodynamic heating
- Surface pressure of vehicle on high &
middle altitude

- Surface temperature in the cause of catalytic
effect
- High altitude drag by mean of micro-G

accelerometer

Sensor : Pt-PtRh, 0 - 1600 C
Altitude : 120 - 40km

High altitude : Barocell type 590AB
120 - 80km, 10°% 10 torr

Middie altitude :See fig. of middie altitude
pressure sensor

85 - 40km, 1- 150 torr

recombination heating sensor
Altitude : 120 - 40km
Range : 10*-1G
Altitude : 120 - 90km

Heat resistant structure & materials during
re-entry flight phase
- Temperature of C/C nose cap, TPS, structure

- Temperature of ablator mounted on ceramic
tile

Sensor : Pt-PtRh, 0 - 1600C
Altitude : 120 - Okm

ablator
Altitude : 120 - Okm

Black-out of communication during re-entry
* Plasma electron density by electrostatic probe
- Temperature during black-out
- VHF telemeter recieve on the ground

electrostatic / thermocouple probe
Altitude : 120 - 40km
Telemeter data acquired on the Christmas island

Navigation data by the GPS reciver during

re-entry

Recapiure time, Navigation data, etc on orbit
OREX GPS experiments
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Tabl e 3  OREX FLIGHT SEQUENCE
Event Flight Plan (sec.) Flight Result (sec.)
Lift Off 0.0 0.0
OREX/H=1I Separation 850.0° 830. 8
ADS**at Tanegashima 6031 (EI=5°) 5934
De-orbit Burn Start 6068. 0 6063.5
A0S at Ogasawara 6203 (Ei=5° ) 6099
De-orbit Burn End 6365. 3 6348. 3
LOS***at Tanegashima 6562 (E1=5° ) 6652
LOS at Ogasawara 6717 (EI=5°) - 6785
A0S at Airplane 7750 (H=10km) 7278
A0S 2t Christmas 7320 (E1=0° ) 7290
AQS at Ship 7340 (EI=0° ) 1317
Re-entry 7341 (H=120km) 7325
RF Blackout Start 7439  (H=80km) 7383 (at Christmas)
RF Blackout End 7516  (H=50km) 7496 {at Christmas)
Parachute Deployment 7630. 7 7614, 7
LOS at Christmas 7640 (EI=0° ) 7940
LOS at Ship 7940 (E1=0°) 7978
10S at Airptiane 7956 (H=1km) 7982 (VHF Telemster
No. 1 tock Off) :
Splash Down 7986 7982

% This time is
According
of OREX/H-1i
* % AOS
x%% LOS

referred from detailed trajectory of H-1I

to best estimated

separation

Loss Of Signal

is 832.7 sec atter

Acquisition Of Signat

trajectory ot H-1

raocket,

ittt off.

rocket.

the time
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Reentry Technology Experiment by using
"EXPRESS"

Takashi Abe, Yoshifumi Inatani,Motoki Hinada,
Institute of Space and Astronautical Science
Yoshinodai 3-1-1, Sagamihara, Kanagawa 229, Japan,

Abstract

EXPRESS (Experimental Reentry Space Systen1)
is a space system composed of a capsule-type ballistic
reentry spacecraft for reentry technology and micro-
gravity research. The program for developing the
EXPRESS is carried on under an international
collaboration between Japan and Germany. The
EXPRESS capsule is launched into LEO by M3S-II
rocket and, after 5.5 days on orbit, is recovered on the
ground after a ballistic re-entry. The planned landing
site is near Woomera of Australia. The development of
EXPRESS is underway toward the launch at September
1994,

t cti

In the utilization of space environment, the
micro-gravity environment is attractive for production of
new materials, and thus intensive study is underway. In
the study, the return of the products on orbit to the
ground is inevitable. To accomplish its return to the
ground, the atmospheric reentry technology is the key
technology.

The atmospheric reentry technology is important
not only to the micro gravity research but also to other
applications such as the development of the space plane
or the planetary exploration which wutilizes the probe
vehicle entering the planetary atmosphere. In the
EXPRESS (Experimental Reeniry Space System)
program, we develop the system which enables us to

do both the micro-gravity experiment and the reentry
technology experiment. That is, the spacecraft offers
two kinds of opportunities for the experiment. One is
the experiment utilizing the micro-gravity environment
during the orbit phase. Another is the experiment
the
environment during the reentry phase. The program for
developing the EXPRESS is carried out under an
international collaboration between Japan and Germany.
The partners for the EXPRESS program are MITI
(Ministry of [nternational Trade and Indusiry), ISAS
(Institute of Space and Astronautical Science), NEDO

utilizing aerodynamic/aerothermodynamic

(New Energy and Industrial Technology Develop-
ment Organization) and USEF (Institute for Unmanned
Space Experiment Free Flyer) from Japanese side, and
DARA (German Space Agency) and ERNO (Deutche
Aerospace, ERNO Raumfahrttechnik GmbH) from
German side.

S f Confignrati | Mission Scenari

The EXPRESS spacecraft is composed of reentry
module (RM) and service module (SM), as shown in
Fig. 1.
some of the subsystems necessary during the reentry
phase are installed. Asfor one of the subsystems, the

In the RM, the experimental payloads and

parachute for deceleration is installed at the bottom part
of the RM. For the heat shield from the high
aerodynamic heating environment.during the reentry
phase, the ablator type heat shield is utilized to protect
the RM. The total weight of RM is 405 kg. In the SM,
the subsystems which are inevitable during the orbit
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Fig. 1 EXPRESS vehicle configuration.

phase and de-orbit phase are installed.  As for the
attitude control of the spacecraft, the reaction control
system (RCS) is utilized for 3-axis control. The other
RCS is utilized for spin up and down maneuver of the
spacecraft. These maneuvers are required at the de-
orbit phase for stabilization of the spacecraft attitude
during the retro firing of the solid motor, which is
equipped in the SM for the deceleration necessary for
the de-orbit. The total weight for RM and SM is 765 kg
and the spacecraft provided the mass budget of 153 kg
for the mission payload.

The planned launch date of the spacecraft is
September 1994. The EXPRESS capsule is launched
into LEO by M3S-II rocket which had been developed
by ISAS and has launched several scientific satellite. The
launch site is the Kagoshima space center of ISAS in

Reoclenialion
4 Os-bossi
On-orbll Operailons g

P I v~

Separation RM/SM s Dothuctve Ne-cniry ol S

Gy O tnsertion
Time Tag Command for:
Ouboost Munceuare
Sarvice Moduie Sepessiion
Parachute Deployraent

\
B/

Fig. 2 Mission scenario.

Japan. The nominal orbit for insertion is 210 km altitude
at perigee, 398 km altitude al apogee and 31 deg. for
inclination. After the initialization of the spacecraft, the
spacecraft enters an operational phase in which no
attitude control is conducted and the free drift motion of
spacecrafl is realized to ensure the micro-gravity
condition as much as possible (free drift mode). During
the free drift phase, the experiment using the micro
gravity The
telecommunication is realized by using the several
ground stations. After 5.5 days on orbit, the de-orbit
phase is initiated by the command transmitted from the
ground station. After the de-orbit maneuver, the SM
and RM are separated and the RM enters to the ballistic
atmospheric deceleration phase where the several

environment is carried out.

reentry technology experiments are carried out. After the
ballistic atmospheric deceleration, the parachute for
deceleration is deployed to decelerate the RM up 10 an
appropriate speed for "soft” landing. ' The planned
landing site is near Woomera of Australia. Figure 2

shows the mission scenario for the EXPRESS program.
Navigati T I

After separation from the launcher, the space-
craft is spun down from 20 RPM to less than 0.5 RPM.
At the same time, the micro switch mounted on the
mbunting surface at the I/F with the launcher activates
the spacecraft electrically.  After the initialization
of the system, the spacecraft enters the free drift mode to
ensure the micro-gravity environment as much as
possible. After 5 days on orbit, the spacecraft begins the
preparation for the reentry maneuver, which is initiated
several revolutions before the de-orbit firing. For the
de-orbit firing which is conducted by RBM (Retro
Booster Motor) mounted on the SM, the attitude of the
spacecraft is controlled in a way that the thrust vector of
the RBM is in line to the appropriate direction. Then,
the spacecraft is spun up to 150 RPM to freeze the
attitude against the de-orbit firing by RBM.  After the
retro firing, the spacecraft is spun down again by the
small solid motors mounted on the SM.

After the de-spin, the RM is separated from the
SM by means of the pyro-devices, and only the RM is
decelerated through the atmospheric flight and is
recovered on ground. During the atmospheric flight, the
attitude of the RM is stabilized by the aerodynamic

stability.  To ensure the aerodynamic stability, the
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Fig. 3 EXPRESS re-entry geometry and trajectory.

center of mass of RM is kept within the allowance[1].
The nominal location of the center of mass is 616 mm
from the top of the capsule, while the total length of the
RM is 1310 mm. At the altitude of 7 km, the
baroswitch initiates the parachute deployment which
ensures the deceleration speed not more than 7 m/sec.
The re-entry geometry is shown in Fig. 3.

The maximum dispersion for the landing point is
105 km in down-range and 34 km in cross-range
from 1) the orbit
determination error, 2) the dispersion of the
deceleration at the de-orbit, 3) the ballistic coefficient

direction, which is derived

error of the spacecraft, and 4) the error in aimospheric
model.

During the ballistic atmospheric deceleration
phase, the spacecraft suffers not only the significant
aerodynamic deceleration but also the significant
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Fig. 4 Typical parameters at the atmospheric
decseleration phase.

The
significant aerodynamic heating is caused by the highly

acrodynamic heating as shown in Fig. 4.

shock-compressed and thus high temperature air. The
high temperatiure air also causes the blackout
phenomenon for the tele-communication. The flight
environment is relatively severe both in terms of
aerodynamic heating (3 MW/m2) and impact pressure
(100 kPa) at maximum which is attained at an altifude

of 50 to 40 km.
Scientific Payload

Scientific payload is categorized into two types;
One is the experiment utilizing the micro-gravity
environment on orbit.  Another is the experiment
utilizing the re-entry atmospheric flight environment.
Table 1 summarize the scientific payloads from both
Japanese and German side. Total mass allocated for the

scientific payloads is 153 kg.

Micro-gravi ent

The micro-gravity environment enables us to
avoid the adverse thermal convection in nonuniformly
heated {luid. CATEX experiments utilizes this

Theme IContents b:pcrimem:;
CATEX IProduction of high performance {USEF
{CATalyst EXperiment) [Zzorite catalysis Japan)
R-TEX Reentry flight environment ksas

hnology EXperimeat) imeasurement and the test of high Iapan)
(Reentry Technology EXperimen performance heat shickd material
HiP . [Test of high performance heat MCOF
(HIgh Performance Matcrial L nietd material sapan)
EEXeriment)
CETEX Test of high performance heat  JDLR Stuttgart
(CEramic Tile EXperiment) khicld material Germany)

Tempcerature measuzement of the
(TU Stuttgart

PYREX ' pigh performance beat shield | Gcmm‘;‘)
(PYRometer EXperiment) | oterial
RAFLEX Pressure environment during HTG
(RAreficd FLow EXperiment) Fecniry KGermany)

Table . List of scientific payloads.
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environment [2]. The aim of CATEX experiment is 1)
to produce high performance crystal of Zeorite, 2) to
produce new type Zeorite material, 3) to clarify the
procedure of the crystallization of Zeorite. The flight
hardware comprises 1) autoclave chamber, 2) controller
and 3) heater power supplier. As shown in Fig. 5, the
autoclave chamber and the controller are installed inside
the RM and the heater power supplier is installed on the
SM.  The products inside the autoclave chamber is
recovered after RM landing.

Reentry technology experiment

In an aerothermodynamical point of view, the
following regions are highly focused; the stagnation
region, a corner region at the junction of cylindrical
body and conical body on the vehicle, and the base
region.

In the stagnation region (or the shock layer), the
normal shock wave at hypersonic reentry flight
condition gives extremely high temperature gas flow.
At high altitude above 60 km, a strongly
equilibrium state appears on rotational, vibrational and

non-

electron temperatures becavse of the difference of each
relaxation process. Also important is a chemical
reaction kinetics which mainly comprises the
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shock layer.

dissociation and the ionization of molecules/atoms and
determines the resultant chemical component's
concentration at the stagnation region and following
flow field which surrounds the entire capsule.
Much more knowledge for thermal non-
equilibrium and chemical reaction kinetics is needed to
correctly predict the flow phenomena in the high
temperature shock layer. In the shock layer, the
radiation emission is generated from dissociated and
ionized molecules/atoms, and it is containing valuable
the
presents spectrum estimated by taking into account
these kinetics of current model in the flight at attitude of
80 km. The most characteristic radiation spectrum is the
first negative band of N,*(300-450 nm). It is expected
that a comparison of the measured data with  the

information about flow kinetics. Figure 6

predicted intensity distribution is helpful for examining
the credibility of the kinetic model and inspection of
detailed spectrum will give usthe knowledge about
rotational and vibrational temperatures.

The EXPRESS capsule has a blunted nose and
cylinder cone geometry. It has a corner at its cylinder
and cone junction. A flow separation and reattachment
at the cormner of the body surface will take place and it
influences the surface distribution of both pressure and
heat flux. Figure 7 shows a schrielen photograph in
the supersonic wind tunnel at zero angle of attack {1]. It
indicates onset of this flow separation and reattachment
at its corner even without an angle of attack. At an
angle of attack, the tunnel test shows that the flow
attaches everywhere on the wind-ward side while the
separation region is greater on the lee-ward side. The
separation phenomenon is influenced by the boundary
layer and shock wave from the corner, and also is
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Fig. 7 Flow field in supersonic flow.

indirectly influenced by the shock layer and the flow
kinetics. Pressure and heat flux distribution around
the comer would be a good indicator of the flow
separation and they will give us insight not only into
the separation itself but an attitude motion of the capsule.

Aerodynamic heating at the base surface of the
capsule is another issue to be predicted. Although
there are a number of approximate prediction of
aerodynamic heating on the stagnation region, only a
limited number of formula or empirical relation is
available to estimate the heating in the base region. The
aerodynamic heating in this region is not so large as it is
on the stagnation or side wall region, but it is important
to know it correctly in a view pointof  capsule design;
a weight saving of additional heat shield on the base
surface. Both convective and radiative heat flux gives us
a valuable information. Also a base pressure
measurement is meaningful in order to compare with
the wind tunnel data at supersonic to hypersonic regime.
of RTEX (Reentry

proper

In the measurement
Technology Experiment) experiment,
measurements are planned in all the region

aerothermodynamically focused; 1) the spectroscopy of

N 2t e 81

radiation from high temperature gas at stagnation
region, 2) both pressure and heat flux distribution at
the body surface including both the corner region and the
base region [3]. The measurement is planned in the entire
re-entry phase; from early reentry flight to relatively low
speed flight condition. All the data measured is stored in
the data processing and storage unit (CDHU), since the
telemetry ground contact is not available because of
"black out". It has a 19 Mbit data storage memory of
EEPROM. RAFLEX (Rarefied Flow Experiment) will
measure pressure and heat input at relatively high
altitude where rarefied gas kinetics is dominant.
CETEX (Ceramic Tile Experiment) [4], HIPMEX
(High Performance Material Experiment) [S] and a part
of RTEX will perform various material evaluation in
the real flight condition which ground facilities can not
provide. Among them, only RTEX plans to test an
ablator type heat shield material. Since its aim is to
develop the heat shield material for much harder flight
environment which is expected for a planetary entry of a
capsule vehicle or a sounding probe with larger entry
velocity, the ablator type material is a unique selection.
For the flight test, a low density ablator based on
phenolic resin reinforced by chopped silica fiber
whose surface is protected by high density layer with
The final ablator
material has the total density of 0.5 g/cm® and the total

thickness of 40mm. Even at maximum aerodynamic

the same material was developed.

heating condition at the flight, the ablator exhibits a
good durability and the surface recession achieved is
less than 0.02 mm/sec . This type of ablator pieces are
installed in the capsule's nose heat shield. PYREX will
measure the temperature of CETEX heat shield
material by onboard miniature pyrometer. Figure 8
outlines sensors and test piece arrangement of all these

-~

PYROMETER (PYREX)
PRESSURE (RAFLEX)

[ PRESSURE/HEAT FLUX (RAFLEX)] [CALORIMETER(RTEX)]

SPECTROSCOPY(RTEX)

[ C/SICHEAT SHIELD (CETEX)]

¥

[ABLATORRTEX)] [ACCLEROMETER®TEX)

HEAT FLUX(RTEX)

PRESSURE (RTEX)

[MATERIAL PROCESSING (CATEX) |

[ccTEST PIECE (HIPMEX) ]

J

Fig. 8 Experiments in the EXPRESS Reentry Capsul.
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Fig. 9 RTEX instruments.

experiment.
it i t
Instruments  and test pieces developed

specially for the EXPRESS application are outlined in
flight
instruments for RTEX measurement is shown in Fig.
9.

this subsection. An arrangement of the

For the spectroscopy at stagnation region, the
emission from the high temperature gas in the shock
layer must be introduced through a hole on the surface.
Figure 10 shows this light entrance port and the
arrangement of the optical lens and fiber optics. The
hole is opened through CETEX heat shield. The
structure for the entrance port is heat resistant and free
standing with respect to the thermal expansion by
heating. The structure of the light entrance port
together with the CETEX heat shield was qualified by
heating test as done for the ablator test piece noted
previously. The incoming radiation through the
entrance port is introduced to the spectrometer
accommodated inside the capsule, in which linear
image sensor transforms the spectrum info the
processed signal, through optical fiber as presented in
Fig. 10.

Four test pieces of ablator material for the real

flight evaluation are installed on the nose part of the
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Fig. 10 Light entracne port accomodation.
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Fig. 11 Test piece for the real flight evaluation.

capsule shape. The test piece has a shape of tapered
cylinder because of better adhesivity with the
neighboring heat shield material, as shown in Fig. 11.
Each piece has three thermocouples for the in-depth
temperature measurement. Figure 12 shows the piece
for the heat flux measurement on the side wall of the
capsule. Temperature measurement of thin film made
of Tantalum will give the heat flux with relatively
good time response which was calibrated in the arc
heating tests. The ablative material was used for the
fixture of the metal film.

The side wall pressure is measured by two
pressure ports before and after the corner point at the
junction of cylinder and tapered body surface. A
differential pressure of these two ports and an absolute
pressurc on the conical surface are measured by each
For the
measuremen!, accommodated are two calorimeters

pressure transducer. base heating

and one radiometer by means of  photovoltai¢ . cell
which transforms the radiation emission energy to the
electric current. These measurement locations are
presented in Fig. 8 Three-axis accelerometer is

accommodated inside the payload confainer of the

capsule as well as CDHU, spectromelter, its driver unit

< 4 0mmé¢
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L ABLATOR
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TERMOCOUPLE

INSULATOR
;

CERAMIC TUBBE
O-RING

. . .CAPSULE
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MECHANICAL BASE PLATE
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Fig. 12 Test pieces for the heat flux measurement.
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Subsystems

Structure subsysiem
The RM comprises the outer heat shield shell

structure, the inner payload container, and the parachute
compartment. The heat shield shell structure is an
axisymmetrical shell, comprising the thermal-protective
coating, thermal insulation layer and the load-carrying
structure. The heat shield shell is divided into the tip and
the body section including the cylinder and taper shells.
The tip section is made in the form of a load-carrying
steel shell coated with the thermal protective molding.
The molding is an ablator material of phenol type of
which thickness is 33 mm (maximum) at the top of the
tip. The cylinder and taper sections of the RM has a
three-layer structure comprising the load-carrying shell
structure, the thermal insulator and the thermal protection
layer. The heat shicld shell structure is designed so that
the inner surface of the heat shield shell does not exceed
60 C during the ballistic atmospheric deceleration phase.

The inner payload container ensures the install
of the electrical boxes comprised of not only the
scientific payloads but also the several vehicle
subsystems 1o conduct the decent phase control. From
the structural point of view, the payload container body
is made in the form of three platforms connected with tie
rods.

After the payload container is installed to the heat
shield structure, the parachute compartment is installed
at the bottom of the RM. At the parachute deployment,
the parachute compartment haich is jettisoned by the
pyrotechnical push rods and the hatch deploys the
auxiliary parachute which in turn deploys the brake
parachute. The main parachute is jettisoned after several
seconds automatically.

The SM is intended for accommodation of the
system equipment not returned to the earth (see Fig. 13).
The load-carrying basis of the SM is the cylindrical
casing. The separation mechanism from the RM is
equipped, which comprises three spring push rods and
three explosive locks. The upper half compartment of the
SM accommodates the controller and switching unit
(PDU-2), and is air-tighten for thermal control of the
equipments inside it.

Control subsystem

Servics Moduls Resniry Moduls
Cold Gas N
z = =
— e
iR sensor Gyro-Package w = Y]
Scientihc
Payoads

Fig. 13 Block diagram of the control system.

The attitude control system comprises of the
cold gas thruster, the attitude sensors, and the control
system. The cold gas thruster is composed of 2 setsof a
cluster of 3 cold gas jets. The fuel for the cold gas jet is
gaseous nitrogen stored in the tank mounted on the SM.
As for the attitude sensors, the 2-axis infrared earth
sensor (geo-centric), the 3-axis gyro package and the 1-
The
aftitude control system ensures the attitude control
accuracy of +/-1.5deg. They are installed in the SM.

The RBM is a solid motor to ensure the necessary

axis gyrometer along x-axis are employed.

deceleration at the de-orbit maneuver, having the thrust
level of 12250 N. To spin up before the retro firing and
spin down after the retro firing, the set of 4 small solid
motors is utilized for each spin-up and -down maneuver.
The thrust level of the small solid motor is 1274 N. They
are installed in the SM. The block diagram for the control
system is shown in Fig. 13.

. . J tracki ]

As for the data/command interface between the
spacecraft and the ground station, 2 sets of S-band
transmitter/ receiver and antenna are equipped in the
SM. As for the tracking of the spacecraft from the
ground station, C-band transponder is equipped
having 4 antenna. The tracking accuracy is 100 m, 0.1
m/sec. As for the ground station, the stations at
Bermuda (or Merrit Island), Woomera (MORABA),
Santiago de Chile are planned.

Other than S-band and C-band, theradio beacon
signal of 244 MHz is equipped to ensure the recovery
activity at the landing area after landing. The C-band
transponder and the radio beacon is installed in the RM.

Power supply and thermal control
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The power source is battery of lithium cells. The
battery cells are mounted both on SM and RM. The
power is distributed via two power distribution units, one
in the SM (PDU-1), and one in the RM (PDU-2). The
10 %
margin, except the power consumption at 1 contingency
day.

power budget ensures the flight activity with

The thermal environment of the vehicle on orbit is
passively controlled.

Conclusion

In the EXPRESS program, we develop the
reusable space system which enables us to do both the
micro gravity experiment and the reentry technology
experiment.
1994.

The launch of the spacecraft is September
The development of the system and the

preparation for the launch is now underway.
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FLIGHT PLAN AND RESULTS

NASDA OT. Akimoto, K. Yamawaki, T. Izumi, M. lnaba

Orbital Re-entry Experiment Vehicle (named "RYUSEI", which means
"shooting star”, after inserted to orbit) was launched by the first
flight of H-I! rocket at 7:20 a.m. on the 4th of February in 1994, and
inserted into about 450km circular orbit in 14 minutes after l1ift off

After passed around the earth, "RYUSEI" fired de-orbit burn normally

In about 2 hours ! minute after lift off, an airplane telemetry
station, a ship station and Christmas ground station begun to receive
the electric waves from "RYUSE!", which was re-entering into atmosphere.

Communication blackout, peculiar to atmospheric re-entry, were
observed in these stations from 2 hours 3 minutes to § minutes after
1ift off. The experimental data during this period were transmitted to
the stations after the blackout.

"RYUSEI" splashed down in the expected area of the Central Pacific
Ocean in 2 hours 13 minutes after lift off

This paper reports on summary of OREX flight profile, points to be

considered in making OREX flight plan, and flight results
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Table 1 Restrictions on Aerodynamiec Heating from Vehicle Materials
” Materials Maximum Temperature Emissivity
Carbon/Carbon Nosecap 1600(°C) 0.7
L ¢/C TPS 1400(°C) 0.7 '
Ceramic Tile TPS 1400 (°C) 0.7
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Table 2 OREX Flight Sequence
Event Flight Plan (sec.) Flight Result (sec.)
Lift Off 0.0 0.0
QREX/H-11 Separation 850.0° 830.8
AOS®" at Tanegashima 6031 (E1=5° ) 5934
De-orbit Burn Start 6068.0 6063.5
A0S at Ogasawara 6203 (E1=5° ) 6099
le-orbit Burn End 6365. 3 6348.3
LOS""" at Tanegashima 6562 (E1=5° ) 6652
LOS at Ogasawara 67117 (E1=5° ) 6795
AOS at Airplane 7750 (H=10km) 7278
A0S at Christmas 7320 (E1=0° ) 7290
A0S at Ship 7340 (E1=0° ) 7317
Data Recording Start 7340.3 1324.3
Re-entry 7341 (H=120km) 1325
Spin Up 7392. 4 17376.3
RF Blackout Start 7439 (H=80km) 7383 (at Christmas)
Max. Temp. at C/C 7501 (T=1378°C) 7487 (T=1300°C)
Nose Backside
RF Blackout End 7516 (H=50km) 7496 (at Christmas)
Data Recording End/ 7552. 17 7537.1
Playback Start
Parachute Deployment 7630.17 T614.17
LOS at Christmas 7640 (E1=0° ) 7940
LOS at Ship 7940 (E1=0° ) 7978
LOS at Airplane 7956 (H=1km) 7982 (VHF Telemeter
No.1 Lock Off)
Splash Down 7986 7982

¥ This time is referred from "detailed trajectory

According to "best estimated trajectory of H-11

time of OREX/H-11

separation
¥%¥ AO0S : Acquisition Of Signal
¥%#%¥ LOS : Loss Of Signal

of H~I1 rocket”.

rocket”™, the

is 832.7 second after 1lift off.
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Table 3 OREX Flight Parameter at De-orbit Burn Start

AAMW;E{é%t Parameter Flight Plan Flight Result® | Result - Piaﬁ
Time after L/0°" (s) 6068.0 I 6063.5 ’ -4.5
Inertial Velocity{m/s) 7640. 4 | T641.8 1.4
Perigee (km) . 6825.6 6827.8 2.2
Apogee (km) L 6828.7 6832, 6 3.9
Inclination(deg) | 30490 30. 508 0.012

¥ Flight results are from the navigation data of onboard guidance and
control system of OREX vehicle
¥% L/0 : Lift Off

Table 4 OREX Flight Parameter at De-orbit Burn End

Flight Parameter Flight Plan Flight Result® ,Efﬁﬁlidiwﬁlﬁﬂm,
Time after L/0"" (s) | 6365.3 6348.3 -17.0
Inertial Velocity(m/s) T469.4 T468.7 -0. 7
Perigee{km) ; 8163. 7 £162. 4 -1.3
Apogee (km) i 6837.5 6838.5 1.0
Inclination{(deg) é 30.500 30.9512 0.012

¥ Flight results are from the navigation data of onboard guidance and
control system of OREX vehicle.
% L/0  Lift Off

Table 3§ OREX Flight Parameter at Re-entry Interface

Flight Parameter Flight Plan Flight Result® | Result - Plan
Time after L/0°° (s) 7341 7325 -16
Retative Velocity(m/s) 7433 7433 0
Angle of Entry {(deg) -3.18 -3.17 0. 01

¥ Flight results are from the best estimated trajectory of OREX post
fiight analysis.
¥ L/0 : Lift Off
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Planning of OREX Measurement Mission

National Aerospace Laboratory Yasutoshi Inouye, Yoshio Sakurai
National Space Development Agency  Toshio Akimoto, Motoyuki Inaba

In the Orbital Reentry Experiment (OREX) done by Japanese for the first time, the
onboard measurement mission is one of the most important purposes. Toward the R&D of
the HOPE (H-IIOrbiting Plane), acquisition of the basic data during the atmospheric re-
entry and the flight validation of the design methods were expected by OREX as well as

flight verification of the thermal protection structures.

Therfore, the various measurements aboard OREX were planned as its mission:
1) acrothermodynamical measurements as a probe or a flying wind tunnel, 2) measurements
for verification of the thermo-structural design, 3) measurements on the communication
blackout phenomena, 4) GPSR navigation data acquisition. Requirements and decision for
the measurement items and selection of measuring apparatus for each item have been made.

Design, development and test have followed.
Discussed are the mission scenario, the outline of the design, developmental story and

spatial allocation of the sensors.
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Fig.4 Aerothermodynamic Concerns for Hermes

Lauch & Trajectory (after Trella, ref.2)
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Fig.5 OREX Mission Scenario
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Fig.6 Instrumentation of Temperature Measurement
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Fig.7 Outline of the Middle Altitude Pressure Sensor
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sampling rate : }. 25 Hz

Contents of measurement Means of Measurement | number | Altitude Range data range Data Acuuracy
(km)
Basic Aercdynamic and Aesothermodynamic Data
during Reentry
+ Body Surface Temperature & Pressure i Thermocouple it 120 -40 | 0 -1800 C 3% FS
Middie Altitude Pressure Sensor 1 85 -40 I 0 - 0.1 am 0.0 am
* Temperature for Recombination Heating Measurement Recombination Heating Sensor, T/C 3 120 - 40 0 -1700 C 2.5% FS
+ micro-G acceleration and wall pressure in rarefied flow Micro-G Accelerometer, 1 120 -85 . 6 -1.28G 0.7% FS
High Altitude Pressure Sensor 1 120 -7 107" - 10 Torr 1.9% FS
Basic Data to Evaluate Thermal Structures ! ’
+ Temperalure at varios points Thermocouples and resistance S 15 o120 -0 0 - 700 C 3% FS
themometers 15 0 - 70 C 3% FS
+ Temperatures in Ablator Themocouples in 3 depths 3 120 - 40 9 -1400 C 1.8% FS
Basic Data for Communication Blackout
+ Received RF Intensiry Measurement Anlenna at 3 stations near impact pt. - - -
+ Electron number density measurement in boundary by. Electro-static Probe. cutrents 5 120 - 80 107 - 10" fec 3.1% FS
Thermocouple Probe. temperatures i3 120 - 80 0 -1700 C [.7% FS
Navigation Data by GPSR in orbit and reentry GPS receiver system 1 -

Table.1 Summary of OREX mission Measurements

El Si. Probe

El. St. Probe

@ Rear C/C Cap Temp. @ Equip. Box Fitting Temp.

il\.\
L Z T
-.:"‘\ N High Alt. Pres. Sensor]
’Q X /o cro-TPS Rear Tomp.
8%
O

e

L TRER
ISR g
X /““ @) Cap Fasiner Temp.

&yPAF Attach. Temp.

" X C/C-TPS Post Temp.
\ ‘! A @ CIc-TPS Gap Temp.«2
y \K 517_ 5;3,451 @ Tile Gap Temp. X
é;' ""g} Heat Sheald Front Temp.
. e:““é'g@g,/ g Structure Temp.
| . 0&’{*’@@/ Heat Sheald Reat Temp.
LS

S /
- ] F Refiect Pane!
‘ { Tile Gap Temp. . /
. T/C Probe —
[Mid_At. Pres. Sensor] “{T/C Probe | T/C Probe Teme

) (3 Tile Gap Temp.
@Tile Temp.

8 Tile Temp. X 8

Fig.9 Sensor Location of Measurement Mission
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Data Analysis
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Fig.10 Design, Wind Tunnel Test and Data Analysis

by Arc-Heated Wind Tunnel

Time Measured Quarntites

Value Transformation Temperature
Bit vs Physical Heat Transfer Rate
Pressure

Mass Fraction
Aerodyn. Forces

Material Property
Temp. Dependency

uG - Drag

Heating to Ablator

Heat Transfer Rates
(Recomb. Effect)

Electron Density

High Alt. Wall Pressure ——
(Rarefied Effect)

(Merged Layer)

!
CFD Code
Ground Data
Temp. Modetl Wind Tumnel Data Base
Reaction Model
[Wmd Prediction

IMU Data

(Alt, Vel, Attit) 2 “}1‘] Mean Flow Conditions J-%
GPS Data m Feedback

i Initial Value Only

Standard Atomosphere Table

Fig.11 Flow of OREX Aerothermodynamic Data

Evaluation
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EVALUATION OF THE GUIDANCE, NAVIGATION AND CONTROL SYSTEM FOR OREX

NASDA SHUICHI MATSUMOTO, HIDETO SUZUKI, TATSUSHI IZUMI
MHI TAKESHI MORI, KAZUO SUGANO
MSS MASAO WAKAMIYA, SHIGEYUKI MITSUI

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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1. JFUHIZ

UM AKEERE (ORE X) OESHERZ. A K- FTHE #E BH%
U EARMT g, MR AT, RBRBEL2ICHERASE, il
NDOFEKEMINIZEKSES Z ST UL, 512, HOPE®A 7 /VEIY
KGO MR EROIHIZ, 1ML - K59 7 XV v A2 FRIRALERT
RAT =~ ADBBFAEDT — 5 2 Wi L1,

OREX®HOPE%0BUUATIZ. FHHERVIFEFICERLSRAER/T,
OREXIZ. CHoDUBERIERETATED . 5%DHOPE®AT £/
BAADZREHTET 57D, BOoN/HEREFMT A RRIIEFIERLILETH D,

KL Tl BIEE TICER L - FERER BT 2F MBI IS OV T, Mk F
G OHET LT XLCETEH0FPLICHET S,

2. ORE XOFEHEAROEE
2. 1 FHEHEROMA
ORE X OFFHEAL. fig WIRT L IH#EER (1GC) | it

A=y b (IMU) W $IlA 5 72—R2=y b (C1U)  BEBTD7 T4
(1GP) holskEn s,

Telemeter
Package GP_S
(Data Recorder) Receiver
Adtitude '
cceleration GPS Data VGPS Data
Inertial o1 On-board I‘ Gasjets CO“”"L'Comrol Interface
Measuremient Unit Computer Unit (Timer) <]
Cold Gasjets
for attitude control
On-board Program 6NX 4, 3N X4
On-board %:J;;: lgl/::ff On—board Program
- 5 S Iivyst_em Module
Ground ower Scquence | avigation
Distributign Box Modsle
1 Hydrazine Gasjets Guidance Modul
- ‘ for De-orbit Control Module
Ground : ' Scparation 150N X 4 .
Equipment Lift off Signal Switch

D Guidance and Control system
i Component or Software

fig.1 Guidance and Control System of the OREX
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2. 2 MRl
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TGP S Wk
GPSZEBOOMAGP SHERHE (ALl - dEE) 2HOTIMUE
HaEovEEE Y vy b L. £0% | MUBHEHEERT B 0L R
ZSIMU- RSy 7« AUy A2 MLARIE
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ELT. 6ROANVT T 407125 D I MUBHMEDN ERZE, #E
RREAHEE, BT HAE S e

2. 3 FEH|
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FTA ATV A bRy FATHR) o #AFEBRITFOHES Fm) & FE HEAE
# (RBPKFHEESR) THOOLHEZONCHEM T AREDENSTHEIND
FEITFL— ML HIET S,

BMEBRT A7 =Ty T4 2 FEE, MEEROY 1 L U TARET
BZEICED. H-T oy y FORABEOEBIZLEZS YLy D HHRIOFKSE
BEAZRBIEEIHATH S, EBEN/ I FINVEDENTWA EEIT3BEER
PR R A S8, SIZHEA T A58 E kG B 5,

2. 4 HitEa)

ORE XDOHIHIANT, BREMBRERVERRAL — PREELZ/NFTA -5 ET 50
HRTERZR LKA v F oI TAIIEDT, A Ay baF L - FTTEHR
RHEAHAREZHEA LTV, SUEETHE., o LHREINKTOISFLL— b
KBRE B S LI E— FEREORB AR THBRY T v T4 VT E—
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3. FEHEE — K7 LT O

FBRHAZON— K7, table. LITART LHIIZ. Y7 b A 70 5FKETO
R, FTEDKERER R L. BHBOE_I/ROTL A Y HERBENIZH -7,

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

4. WSRO

CIU : Contro!l Interface Unit

pURICBLTE. TMUEHMEE ITMU - RS v 7 A Dy A 2 MEAREEDRF
T &7 > 70, (G P SyifEMikid. GP SZFBENINITT 5GP SR

IZRIREDN S - 17 baflh L7dty, )

4. 1 1 MUfBPEMUEE DM

IMUBHMBEDOR RS, BFEBLETL—¥ T 2R L THEE Lo BHE
EEE L UM L7c. ZORETIg 0I5 T, £, Y7 478600
0 B4 ZEM S (BLEEBBAIEET) & LA I MUBHMEDERIELHRE
table. 212, BRAETHTHELTHB I EERER LT,

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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Detailed Test WOREX Separation WStart Time of De-orbit
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The Start Time Correction {(14.35 sec)

fig.4 The Start Time Correction for De-orbit Maneuver

Almudc:(km)i l
|
Estlmated Flight Trajectory ELI f ]

455.0 Forrmr e T = g Planned ECO Point L
Planned Trajectory (DTO) _ : (Almude 434, 2km E. long 134. 74deg)

4500 g\ A *9‘

(a]mude 455.1km, Eiong 114. 35deg) \

‘ . (Alttude {155 Skm,E.long.114.53deg) N

435.0 ~_ NS

430‘0 —1'_—-~A~> 4-»-»-~--~~><vEu--4»‘.-----u.----~~»§--.-.-u..v....u-...--gn«»-.-..--» B T ST TP Ac{ual E 4-O“Im]nt R Rt I F R
' i : (Almude 434 7km, E. long 134, 08deg) X

P ELI:Engine Lock In : _ _ L
4250 T E(xxgngneCuloﬁ~mwm~~mmmmmwammmmmmmmwmmmmNmAm”qmmm“MWU“.M_m?_
S R S S VT IV I TR

420.0 ! 1 ! T ! T T

100 105 110 115 120 125 130 135 140
East Longitude (deg)

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

5. 2 BLHI AR O

B B O Bilbh - 4 CRF R CHRBERFIE A table. 41279 WLl B B AR FE AU LS

BB Y 1A I 70—y T4 v TFEBIZED 4. SHRE T, MBI,
BB EE R EDMIZ I SIS TH Y AT LI (ROVYTF 47U AL
bedry bATHR) OT, GHEOBRBERB LD b1 2. 5BE I table
SICAT L ) ICHUE SRR TRFDHLE 7 — & (T EHEE D TH S 701, Hua sl
BIEFIITbhcEEZ OND, BH. PulsRRERFRIE {72 - BRI, 8§
HHMEED 2S5 27NN, 3BREREII - LItk B,

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

5. 3 FHKMRZEDEKODN

OREXD#HKLF g 6ICARTEY THYD, F 7L I AHOBRENFHT 00
km®ELELUlc, 2057 Ly PHRBOEKSRED EFREZRIZOWTEEMT 5,
HEZIT > B ERIAE RN S, IO VLV U HHOBEKEICKEBHEEEZ 5
BERNKE L Table. 61T L~EEAWM D Eif. 2 ZHOBEEBZRIZH LT, ik
ITHENOCBEDRKZIZMEL. ZHUIHIELII T oL DHMIDEKEEE
DFEHA KDz, TDEER%E able. 617 T, DOH - T 07 v bOPLERAREIC
LBHKREEER, ERIEAINICHEE ) I FVEEE TS 2 LICk D
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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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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
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BUZETEHBMUIEE O &k £, #f BE ERRE
FrHE—, #05EH)
FHiREEEM FouHA

HEHEEAFLERE (OREX) OKLABHEARBRICEN I N/ HES & BIREE
BR7T—/DhoTHMINLHBESHLEOHKEITE /. FICHERARAT A Y 2 v
FOVEBI LIE LM EA EEEI L T OB TOOR E X O &R % 84T L
fo. CORMERAKRBEBEALOEKETIC2HIS. —HEIZ, RENRDD
AREIZHI-OHENSHIN (2200 LEBRHS), ORE XAt< v
B 128875 THS. 20IHBIZ/ T Y 2 — PEED SHKE TORRS
TH 5. HltH%E Pl U Ry CTRERKEEIZHN20°, BN 7s Th - 7.
Zhi3, BIRER S FRISNIEITI. /N5 2 12— HERBROMEE TIZEZE
ABBICZAE Y7 v FTah-#io — LomEICH UTHEABNCE— £ >~ FHVE
ALY, BHRTHERL TS, E—A L FPOKREXXIIC =0.0001 &EXINS.
FHAZRIIKESMOEERTZEZ IMUPBRMLTHWE50DET 5 &, EBEITIZO
R E X3 AKZXRIREOARE A UL CHEIR 0 icnizs LIENSET LTEK
LicbDEEZ SN A.

Angular Motions of OREX in Uncontrolled Periods

after Re-Entering the Atmosphere.

Takashi Yoshinaga, Atsushi Tate, Hideo Sekine,
Junichi Noda, and Mitsunori Watanabe.
National Aerospace Laboratory
Toshio Akimoto
National Space Development Agency of Japan

The angular motions of OREX in uncontrolled periods after re-entering the
atmosphere were analyzed to compare them with data estimated by wind tunnel
tests. The uncontrolled periods of angular motion of OREX exist twice during
the flight in the atmosphere; one is the period of flight near Mach number
M.= 1.0, and another 1i1s a period after the deployment of the parachute. In
the first region near M.=1.0, the maximum amplitude is about 20 deg with a
period of about 1.7 s, which 1is close to the estimated data. In the second
period, the rolling moment, estimated as C, ,,,~0.0001, begins to act after
the deployment of the parachute causing the reversal of the spin direction
of rolling. After deployment of parachute OREX descended with rolling about
the x-axis without large angular oscillations of attitude angles g and S8
and splashed down on the sea.
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DEVELOPMENT OF OREX HEAT-RESISTING STRUCTURES

AND
ITS FLIGHT DATA
Shoichiro Asada Mitsubishi Heavy Ind. Ltd.

Toshio Akimoto, Toshinari Yoshinaka
National Space Development Agency

Susumu Toda National Aerospace Laboratory
Ken-ichi Kosugi Kawasaki Heavy Ind. Ltd.
Takashi Ugai Fuji Heavy Ind. ,Ltd.

The structure system is not only the one of the most important item of the orbital reentry
experiment, but also the most critical hardware for OREX to fly under very severe condition
during reentry. New materials such as carbon/carbon heat-resisting material and ceramic tile
thermal insulation materials which are planned to be used on HOPE, were experimentally
applied on OREX. Though these new materials were being studied for HOPE, they had to be
qualified to be suitable for OREX's flight. On the other hand, since OREX is an experimental
vehicle, development of these new materials was conducted in minimum manner to be
completed in a short period of time with lowest cost. By the successful experimental flight, it is
confirmed that these heat-resisting material and thermal insulation materials are applicable to
reentry vehicle, and that designing technique for these materials is reasonable.
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Fig.6 Structure detail of C/C nosecap
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-a Design analysis -b Flight data
Fig.7 Temp history of C/C Nosecap
4.2 C/C-TPS
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& % Table-2iZ 7R ¥ o FFIZ.CIC-TPS S A VRMEHRED 37 FrDFHA RO B & Fig.-1012 7R $ 55,3 7 Fi
OFHUEEIZIZIZEA L TH ) GFHUR RO GEESEF T O T35,

CORKRLD FELEBEBVOFRARRSEEICEL L & e b SRMEE & RE) IR
FAELNZFER L THB 0 FRRICESIMHREE I -3 AERREUT ChH o T LR S Nz,
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Table-1 Temperature during reeatry on C/C NoseCap

Max. Temp. Max. Temp.
ItemNo| Measuring (Flight) (Design) Critical Design Point | Allowabie
: Point Time Temp. Time Temp. Temp.('C)
{sec) C) (sec) C)
Stagnation point
TH1 foeo 7486.6 | 1299.5 | 7483 1586
6 =20" No. 1
TH2 | e 7488.2 | 12743 | 7488 1520 agna . o0
. nation poin
6 =20"No.2
TH3 | e 7486.6 | 1251.1 7488 1520
6 =20"No.3
TH4 | e 7486.6 | 1263.9 | 7488 1520
C/C backside .
THS close to joint 7512.2 884.0 7498 1086 |C/C close to Joint 1600
Z-shape joint 7975 Max. temp. point of 760
TH6 | i 7635.8 373.1 1) 671 |7 chape joint
TH34 |lnnerstructure | 7978.2 98.0 | 7625 124 |Inner structure ?2-';
THzs [Heat shield 7503.6 | 1072.7 | 7485 1509 |Heat shield insulater 1500
ace
Inside of heat 7975 . 127
TH36 |q.g 7983.0 108.3 1 89 |Heat shield structure 2)
Notes *1) at splush down *2) upper design limit of inside temperature condition.
Table-2 Temperature during reentry on C/C-TPS
Max. Temp. Max. Temp.
ItemNo{  Measuring (Flight) (Design) Critical Design Point | Allowable
. Point Time Temp. Time Temp. Temp.(C)
(sec) (C) (sec) (C)
TH7 {#1 C/C backside 74826 | 1013.8 7483 1419
THS8 [#9 C/C backside 7490.6 | 1028.4 7483 1404 | C/C panel 1600
TH9 |#17 C/C backside 7490.6 990.0 7483 1419
TH 10 |#1 Al panel 78862 |  95.1 72"15) 175
TH 11 |#9 Al panel 78406 | 1187 79,,715) 177 | Al honeycomb panel 177
TH 12 |#17 Al panel 77990 | 1010 79,&5; 175
TH 13 i : .
#9 post m@e 7581.8 494.1 Post 871
TH 14 |#17 post middle 75850 402.8
TH 15 |#9 post | 7898, 107.0
P 2 Al honeycomb panel 177
TH 16 {#17 post lower 7871.8 88.8
#9 C/C backside .
TH17 | oo ton 74906 | 1059.8
TH 18 |#17 C/C backside 174856 | 10750
5 C/C backsdz C/C panel 1600
i v
TH 19 | jose to panel gap 7497.8 973.6
#17 C/C backside
TH 20 |1 ose to panci gap 74882 | 11056
Notes *1) at splush down
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Fig.8 Structure detail of C/C-TPS
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Fig.9 Temp. history of C/C-TPS

1200

b

1000 |

800 |

600 |

400 |

200 }

400

500
Time from Reentry (sec)

600

/___~ Cerarmic e TPS
N oSP % e o
PR 2B
HOTIN SORRA
O | 0
gy ““\
3 St

Fig.10 Temp. history of C/C-TPS panels
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Fig.11 Structure detail of Ceramic TPS
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Fig.12 Temp. history of Ceramic tile TPS
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Fig.13 Temp. history of Ceramic Tiles
Table-3 Temperature during reentry on ceramic tile TPS
Max. Temp. Max. Temp.
ItemNo|  Measuring (Flight) (Design) Critical Design Point | Allowable
. Point Time Temp. Time Temp. Temp.(C)
(sec) (’C) (sec) (C)
7470 1300
TH 21 | 1st urface 7473.0 922.8
srows 7425 | 1335
TH 22 {2nd row surface 7469.8 976.7 7470 1300
7425 1335 L
40 300 Ceramic tile 1400
TH 23 |3 4674 1.0
rd row surface 7 100 7425 1335
7470 1300
24 {4th . 936.
TH row surface 74714 36.8 7425 1335
TH 25 | Lst row Al panel | 7899.8 9s2| 7970 143
*1) 120
TH 26 |2nd row Al panel | 7938.2 82.6 79:1(; i;(?;
7570 e Al honeycomb panel 177
7 13rf 1 7944.6 71.4
TH 2 row Al pane x1) 120
7970 143
TH 28 |4th 1 | 7939.0 3.8
2 row Al pane 5 *1) 120
Ceramic Tile close (7470) (1300) .
TH 29 7469.0 1078.8 Ceramic til 1400
to C/C-TPS 0 (7425 | (1335) cHe
(7470) (1300) ..
TH 30 |G 7470.6 1031.1 C til 1400
ap(R) upper (7425) (1335) eramic tile
TH 31 |Gap(R) lower 7603.4 240.7 SIP 300
(7470) (1300) ..
2 |Gap(C 7473.0 963.7 C til 1400
TH 3 ap(C) upper (7425) (1335) eramic tile
TH 33 | Gap(C) lower 7617.0 212.2 SIP 300

Notes  *1) at splush down
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THMBIZOO T, RITEBRAICEOCTRABABRET . TORFABRE R
EL BAPBRULAEOMBAMEEFABRB O TRBABRT - A2#HBEL. TOHK
il ofe, Fh, JITRIEINACHBERZAOT,. RBHEXRRITEBICH L
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AEHL. RITERICBUDZEE T -7 B LU THEEXZOFEMZIT - 72,
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THE RESULT OF AN ANALYSIS OF AEROTHEMAL- AND AERODYNAMICS

National Space Development Agency Takayuki Shimoda
Toshio Akimoto

National Aerospace Laboratory Takashi Matsuzaki
Mitsubishi Heavy Industry Hirotaka Nakagawa
Kawasaki Heavy Industry Masanobu Ohgaki

We are going to perform 3 experiments preceding to the development of
HOPE. We performed OREX taking the oppotunity of H-IF TF#1 on Feb. 4, 1994

We report a result of one of the main purpose of OREX ., aquisition of
fundamental data of aerothermat- and aerodynamics during reentry.

As to aerothermaldynamics , we evaluated comparison between wind tunnel

test data and values estimated from Fay&Riddell method before a flight

experiment . After that we estimated heating rate induced from flight
orbit using Fay&Riddei! method validated before . And we caliculeted
a temperature at the stagnation point using thermal-analysis model , then

we compared the value with flight data.

As to aeroddynamics , we compared flight pressure data with estimated

value,
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1. FAME

HOPERREIEOT. ROEHELBMED — DI, KABEBRERAKRIZEY S
ZHMBEROHEDNH S, . BEAKBKBUIBEADOROBOREN b
FEELMETH 5,

MEHRAELRIE., HOPEBMRBICAIL L, M ELTOMXBDOBEAN TIEEBE D
Wi E LRVBRAROERE T -7 2#MB L. HOPERMRBRICKZRITSZ
EEHMELTED. TOHMD 1 2&ELT. BEARITEBE FTOELRIEK
CZEIMBREET - FOWRBIIRH -7, LET—FZ72MBTHIEICED. B
RARTEBE T TOEINRTEZIMBHBOEELESH. HOPE DR R
MWL ELPHEKDLIDTH 5,

ABMETE. MEBRAERICI-TH OO LT -7 2812, RITERETI
T-otBMEAEBRT -9, RUOHAOHERICLIAMEMEDLLKE T, FFM
LB AEATT, 25T, %0 HOPEBMRIKBIBZERNDRUTESR
MBEHBEOREELNEETH 5,

2. ZHMBERFER

1 RITAIKIKF

1. 1 EBETERBPIAER

R 3ES AILMETHERMAEFOBEFTERMIC T, EHEAER
B (UTOREXETZ) omd A REAREIT - 72,

KBRBABR TR, ZHMBRROBED/-HIZ. HEABRHZB O AR %
Toto COBMEHETR. BBEXHOBRMOMEAILL D ZOHANMAE
ICEBBEICELLIED N, Thho, TORBEICETAZIDICELICKM
E—RTAECEOREL IDMBEEKRD TS,

2. 1. 2 ZHINBREHAEBELRABEABRERLOLE

B A B EIT D — F. Fay8Riddel lOKXZH T, BMAOZXEHMBROHE
FiTole, COMBHMEBRABREREDILBEFic1IITAT, ThEhH., B
HDOEHMBAEO B AL RONFaydRiddel ORI X AHEMDOL.IEHREICA
5EDR RN I,

SO, RNART —SOKELX LU L. A0 EEROTAREL
TR BAEROYHBEOEESMEZITH>EDOT -7 DORELE1T - 1o
Table W RELEZT--KBRAEROYUMEE TS, /. WHEBET - RE
L#BEDOBEFE R EFaysRidde ORI KX IZHMBEBEBEOUBSHFig. 11T LT 3,
COHEBRBEENICARNKLBRISO BN BREO T MBAE (L FaydRiddel |
OXhoEINLIHERBBOL. ME LS -,

Table 1 Comparison of Material Property

Cataloge Value® [Measurement@|@ = @
Density o (g/cm?) 2.1 2.3 1. 095
Specific Heat Cp(cal/g+K) 0.3 0. 261 0.870
Thermal Conductivityk (cal/cemes+K 3.3x10°° 2.712x10°3 0.824
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NIV OREXAERHATHILETEBEDENIMBARE L T .FaykRiddel |l
DENPOEILPNLIBHEBEDOIONABELELTABGLA I EE LKL HL, £
BICLOOHRIFZITHI) ETHE, RITBBO3 o2 BB LACHEKNED I
BERAMBEETENRE I TOHEAFEMRTHILH I EEF XA TREN < —
VAR E ST D,

2 ROEBER

2. 1 B{EFIMHINMBERTERR

BAOBREIHMT -y I ZE B r—sE2ETs it C/C /) —
AF vy TEHEMSRAH 2L 220K Z T REELRE T
- 12,

AT, EBC ./ C/—XF vy 7ERMEOEM. BB, Si Ca-—
TAYY. AT ZAa- bEBLULICRAEEZIOFRIC. EEFAEFIC. B—0
BEGEESELCLOZH L, BB EELFig 21277,

ZOMHGKER T, EEZF v+ VNN TMARKBREIT - 7o, MBAKEOBM
FEEFiQIIART, MAKINETHOAZ —KIZMBAIN., TN EXTED MG
WL Z2BBEAEBCDICH B ZRE L7,

MmeEHBRE., A A~~OMBEEEL3IBHICHZREL (T00CEE, 500CHE
. 300°CHE) . St ULc&S (A Em. BREN. WHAM) OBENE
HRBICET LT TMHRL. TOREBRE AL GL . F o0 #3442
ER—D&BT. E—F 75 vV AA—SABRALTE—S b0 MMAEL
WE Lo

MBGKER A R A Table 2~3I -4, Table 23, EREELHBHTOMBEOD H
EHERTHD., Table 3B REEXHTOUA KBS LOREMESLE R TH 5.

Tabte 2. Measyurement of Heating Rate

Erectric Surface Temp. Heating Rate
Supply (V) !(average) ('C) (W/om?)
30 338.2 0.27
50 479, 3 1.88
115 721, 1 | 71.66

Table 3 Measurement of Temp.

ing Rate|0.27 (W/cm?) |{1.8B2(W/em?)|7.38(W/cm?)
poin

$1 3317 475. 3 ‘ 120. 1
$2 339. 6 480. 6 123. 2
#3 336. 8 478. 0 718. 9
$4 332.3 474. 5 719. 4
#5 321. 7 461, 2 700. 6
#6 325. 4 465. 9 708.90
$1 272.5 389.6 623.7
#8 12.17 106.7 173. 3
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2. 2. 2 HEMBEREOHESR
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C/ACHIIHD»RAALEREL, ARAEBEEHOCICAABBENR I F
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Table 4. Thermal

Property

161

Representa|Density:Specific He|Termal Conductiv|Emiss
tive Temp. | (g/cem®) lat(cal/gC)lity(cal/emes+°C)|ivity
C/C composit RT 0.158% 0.2187
(longitudinal) 500 1.50 0.371 0.3645
1000 0. 434 0.3749
1500 0.544 0.4680 0. 84
C/C composit RT 0. 159 0.0486 -
(transverse) 500 1. 50 0. 371 0.0810
1000 0.434 0.0833
15090 0.544 0. 10490
Temp. sensor RT 13. 31 0. 0.0922 -
Adhesive RT 3.5 0. T?SB 0.00251 -
insulation 330 0. 74
470 - - - 0.73
700 0. 170
Table 5.Case ot Analysis
Intennded Surface|/Measured Surface|Thermal Contact Resis
case |Temp. (°C) Temp. (°C) tance {m%«¢hr+°C/kcal)
casel 300 340 0.0842
case? 500 481 0.0751
casel 700 723 0.0370
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Flight results of the recombination heating
and ablation sensors
NAL Yasuo WATANABE,Yasuhiro WADA,Satoru OGAWA
NASDA Toshio AKIMOTO
NH Masao MARU
Abstract

The outline of the mission and initial analysis
of the flight data of the recombination heating and
ablation sensors installed on the fourth row of the
ceramic tile TPS of OREX are described.
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Analysis of OREX Aerothermodynamic Flight Data by CFD

National Aerospace Lab. Yukimitsu YAMAMOTO
National Space Development Agency Toshio AKIMOTO

Accuracy of CFD is investigated by comparing numerical results with the
measured flight temperature data on the TPSmaterial of OREX. Flow is
calculated by the non—-equilibrium Navier—Stokes code and internal thermal
response is computed by FEM. Coupling CFD and FEM along the OREXflight
trajectory, temperature increase of the TPS during re-entry is favorably
predicted. In FEM analysis, temperature and directional dependence of heat
conduction coefficicnent of TPS material and radiation effects are included.
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KEAKRTT — 4 & DSMCEEHT
fit Ze o5 B DY 22 HHEA

OREXDZF M AL (BBEREL) RABCIEINLRT T —Ir0E HINH
BN RUEDHB TP DEHES 2L —3v a7 9 (DSNC)
HEILBI BV OWTHRD, Fz, FHREELKBODISNCETERDESE
HICBE LT, FETAL (BEH FORMEHRE, B - RKBEHE, % - 5546,
BEFREDE - W, BH) OHRBOBRKR, 2 FEHREY I -3 YFHKR K
FOREXDDSMCEHE R 28 E T 5,

OREX Flight Data and DSMC Caiculations
National Aerospace Laboratory Katsuhisa Koura

The drag (lift) and pressure data of the OREX measured in the transition
regime are discussed in relation to the direct-simulation Monte Carlo
(DSMC) calculations. The current status is presented for the molecular
models of rarefied real gases (elastic collisions, rotationally and
vibrationally inelastic collisions, disscciation and recombination,
electronic excitation and ionization, and radiation), the Monte Carlo
method of simulating molecular collisions, and the DSMC calculation of
the OREX.
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Fig.]l Density distribution Fig.2 Translational temperature
at an altitude of 150Km. distribution at an altitude of 150Km.

Fig.3 Density distribution Fig.4 Translational temperature
at an altitude of 95Km. distribution at an altitude of 95Km.
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MEROEMGE L EEEERR

FHHEBXEEH OfERXZ, WK, FEBE H BHEZRH
(Bk)=%ZAR—ZV 7 b9 27 HEEHIEH

MEBEAERIZIBOTREB., EBRETCOHMT - IR L2TTF LA -5 F—% &
UCTEHELHREBITSIEE2HELALZY., 0P THIZEBHEAEICT V7 F IR
NS HEARE., YA LA BEEE. PRHIWSZLVOEKREEHSE., -4
BRBEOBEILBOTIRBRINETFAINDLBUCE Ao TITRHEFREA
ERICKUTI2EGFE - T 7HBORFOBFZAHFETCOHBEII DO THENS E & B
. EBOT - S BMBEREREZ T T I EET B,

Flh,. FEB TR AKBEEAFO S Sl 8EERAZIEANZ N L
DTZODHEROBEIZIODOLT HAERS,

Design and performance of data acquisition system of OREX
and observed RF black out during atmospheric re-entry

NASDA Motovuki Inaba, Kohji Yamawaki, Osamu Harashima, Yasuo Sudoh
MITSUBISHI SPACE SOFTW¥ARE Co.,LTD Masao Wakamiya

At OREX flight experiment,all data collected from on-board sensors wer
e planned to be acquired by telemetry acquisition stations set along
the trajectory of OREX vehicle. In this paper, outline of data acquisi
tion system of OREX is shown with its performance including observed RF

blackout caused by plasmas during atmospheric re-entry.
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Fig.2 Outline of communication and data acquitsition system
of OREX flight experiment
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(a) Ship telemetry station and its antenna

The ship whose name 1s DAINI-SEITHA-MARU(2nd calm-wave)
is about 1000 gross tonnage.

Four 5-elements cross-Yagi-antenna were installed.

(b) Airplane telemetry station and its antenna
The airplane MITSUBISHI MU-300,

took its flight from Japan to X'mas island.

2 blade type antenna were installed:

one at the top and another at the

bottom of the fugelage.

Fig.3 Mobile data acquisition stations
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(b) Appearance of data acquisition equipements

Fig.4 Outline of ship telemetry acquisition system
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Fig.5 Outline of airplane telemetry acquisition system
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(b) Appearance of antenna and
staff for H-II Rocket and OREX
with the blue sky at X'mas island.

Flg 6 Outhne of X mas telemetry acquisition system
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Fig.7 Data acquisition period through both deorbit and reentry phase
Data was recorded in the memory of telemetry package
and reproduced in two times, first time is on orbit and
second during re-entry.
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Fig.8 Waiting location of data acquisition stations
during the re-entry of OREX vehicle
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Fig.9 Data acquired period during re-entry
On-board recorded data covered the whole time

of black out.
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Difference of two lines are thought mainly
to be caused by the low elevation angle
of X'mas antenna.

Fig.10 Examples of AGC level observed at the mobile stations
comparating with the results of RF link analyses
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Fig.11 Example of output of strip chart recorders.
Comparing with ship data, airplane AGC level
is varying in a shorter period because of phasing.
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Table 1 Caluculated phasing cycles of receiver AGC levels.

X+Time | Event Phasing cycle (Hz)
(sec) Airplane Ship
295.0 296.2 | Upper Ant. Lower Ant.
7293 OREX AOS 6.276 6.250 - -
7373 Before Black Out 18.695 18.620 0.026 0.022
7503 After Black Out 270.739 269.642 0.058 0.048
1740 - 17.272 17.202 0.013 0.013
7982 | Before splashdown 8.310  8.276 - -
Note: Concerning about ship, there is no significant difference
between the calculated results of two receiveng frequencies.
X+Time = Time from lift-off

Phasing Cycles

25.0 LA LR T 1 1 —-r
20.0 1

_ [

~N

) [ f

© 15.0 i

(]

> <

0:0 RF Black Out

‘@

=

[a W

10.0 - /

observed
O calculated

N

0.0 +

7200 7300 7400 7500

7600 7700 7800 7900 8000

Time from lift-off (sec)

Fig.12 Phasing cycles of AGC data of the airplane receiver
Observed and calculated data are very well coincident
except for a data just before splashdown of OREX vehicle.
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Observed beginning/ending times and heights
of RF black out

Acquisition Frequency Attr. Beginning Ending
station time from lift-off / height
(sec) (km)

ship 295. OMHz Left Ant 7373.7 / 99.8 7492.4 / 51.6
Right Ant 7373.9 / 99.1 7495.1 / 50.6
296. 2MHz Left Ant T374.7 / 99.4 7493.5 / 51.3
Right Ant 7374.2 / 99.5 7494.3 / 51.0
airplane 295. 0MHz Upper Ant 7373.8 / 99.8 7491.5 / 52.0
Lower Ant 7373.5 / 99.9 7493.8 / 51.2
296. 2MHz Upper Ant T374.7 / 99.4 1527.8 / - x1
Lover Ant 7373.6 / 99.9 7492.9 / 51.4
X’ mas 295. 0MHz RHC 7382.8 / 96.1 7495.3/50.6x%x2
station LHC 7383.4 / 95.8 7495.3/50. 6%2
GPSreceiver | 1575. 42MHz CH2 7389.9 / 93.1 - X3
CH3 7389.9 / 93.1 - %3
CH4 7389.1 / 93.5 - X3

%1 cause of delay is owing to missing lock by receiver.

X2 time of relock after black out is considered to be delayed

owing to tracking by manual operation.

%3 no data ;

receiver missed signal after black out

Note: height estimation error is under 4kom(H=100km), 3. 3kn(H=50kn).
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Fig. 14 RF black out region on H-V plane.

VHF_high region means the fastest case of black out
shown in the references about VHF. Low means the latest case.
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\Wtion

24
33deg

Fig.15 Schema of direction of data acquisition stations
from OREX vehicle at the time of the beginning
of RF black out
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DATA ANALYSIS OF ELECTROSTATIC-PROBE

NAL O Yasuhiro WADA, Yasuo WATANABE
NASDA ‘ Toshio AKIMOTO
NISSAN Hidemi YASUI

In order to investigate electron number density of OREX re-entry flight environment,
the electrostatic-probe data are analyzed with a help of CFD(Computational Fluid Dy-
namics). Following the probe theory, the eleciren number density is calculated from the
ion saturation current measured by the electro-static probes. Although the theory also
requires information of flow velocity and electron temperature, neither of them strongly
affects the electron number density, and CFD supplements these data. During the re-
entry phase at altitudes from 100km to 75km/85km, OREX obtained valid ion saturation
current data, which are almost free from under/over flow, and the probe are estimated to
be kept under the breakdown temperature, 500°C. In this data analysis, the re-entry flow
fields are simulated along the best estimated flight trajectory using the one-temperature
model and Park’s two-temperature one. The calculated electron number density is rang-
ing from 10'° to 10'®/m?>. These results are directly compared with the numerical results,
and the validity of the physical model and wall condition used in CFD is discussed.
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FLIGHT DATA ANALYSIS OF OREX ONBOARD GPS RECEIVER

National Space Development Agency of Japan (NASDA),
Hiroshi TOMITA, Hideto SUZUKI., Shuichi MATSUMOTO
National Aerospace Laboratory(NAL),
Masatoshi HARIGAE, Toshiaki TUJI]
TOSHIBA Corporation,
Atsushi ITSUKAICHI, Hiroaki MAEDA, Tomoyuki MIYANO
Fujitsu Ltd., Shiroc ISHIBASHI

Abstiract
NASDA conducted the Japanese first onboard GPS receiver (GPSR) ex-

periment, with the Orbital Reentry EXperiment (OREX). The objective of
this experiment was to evaluate the functicon and the performance of the
GPS navigation system during the orbit and the reentry phase

GPSR on OREX, newly developed for this experiment, performed the
signal acquisition and the measurement as expected. Although the onboard
GPS navigation was not successfui, the orbit of OREX was determined by
off-line GPS navigation analysis in cooperation with NAL. Also, DGPS

navigation with ground statior made a good result.
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EXTOERBRBELOIIB VR FLAEMARRT 2D OERFT—7 &L T,
B L BLUOEEA7 - X TOGPSEECHETLF— s Z2MBT 2D E
BLIHDTH B,

AfEcit. B LEROFMAENASDAEMEFHERHALXN (NAL) #
B TIT-#RERT o

2. GPSEZEHREREROHME
EEBIZ. 198 7TELSHREZIT-TCELFHAHAGPSZEK (GPSR) ?
A EEEAERBICERL TIT>%. GPSROAEBEFig. 1. #ILZ Table
MWERT o M EADOGPSEZEKCHEE LT, ZETRLEMNEFEOGHH (F »
TIHBICLIBFBEBEMN) PREVWIE, BERARNTOHEERHE VBRI
HIE LRI R SR OEEBE 2, GPSROMRIR. HETGPS v aL
— s EBOVERARBREIT > CHERL .

Tabel 1 GPSR Characteristics
Receiver 5-Channel parallel
Architecture L1 1575.42 MHz

C/A Code
Navigation Position 60 m
accuracy Velocity +0.05 m/s
(Without SA, 30 ) Clock bias =200 nsec
Weight 11.7 kg
DC Power 49 ¥

Fig.1 GPS Receiver (GPSR)
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T. GPSIESHIZEERKIELG P SHMMEKIEOF - sMELEDICITO &£
S EaEnt, ERY— 7 YV 2AZFig 2R d, MBI KBTRLTH 5 X
F- s DR BHEFELICERRLSOTNHEEFTH S,

. A 754 VIERBRTCHERT OO F— s 2B TE20Ic., HEHIEB
MERHR (BTB) L2727V 2<2ABHEWRN (7Y Z2<228) CHMEBHAOGPS
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Table 2 Estimated Sequence of Event of GPSR-OREX
Time(sec) EVENT
830.8" OREX Separation, GPSR power on
~1662°* GPS experiment attitude established
1848.3-1856.3 1st data recording.
2028.3-2036. 3 2nd data recording.
2508.3-2216.3 3rd data recording.
2388.3-2396.3 4th data recording.
2378.7-3034. 7 5th data recording.
4678. 7-4734.17 6th data recording.
5719.5-5775.5 Tth data recording.
5949.1 Start of data for de-orbit phase.
6787.5 End of data for de-orbit phase
7270.1 Start of data for re-entry phase.
7389.1 Channel 4 black out.
7389.9 Channel 2 and 3 black out.
7980. 3 End of data

Note:Time is from lift

%:Based on the time
Lift off time was

off and based on the GPSR internal clock.
of OREX telemetry systenm.
1994.2.3 22:20:00.057UT.

Table 3 Result of the Signal Acquisition Experiment
Experiment CH 1 CH 2 CH 3 CH 4 CH 5
1st X *! O O w *2 « *2
2nd O O O x *1 O
3rd & 4th X Due to the bad navigation result.

O

:Signal wa

s acquired.

X :Signal was not acquired within the experiment period.
¥1:Due to the Satellite switching.
¥2:Due to the defference of GPS satellite almanac.

(b) FHIEERP ORI

BHEUVLEZ (Table 3D 1)

EBRYMPcZEEHEEV v BRZIDEES DI, BRANICHIETETVLIRLF
TV ANVEHDB FTERDPOREXDEZEE X — ~HBHYWHIEEROBERICKT
LTkh, YVIMBEIRERDTRB. GPS T Yy F+r2REARICETLEBRCORE
RHEEERET O XREHEVVBRAZHEE LT TWwWiEELONE, E
BRAECHESS-7ebiI T, 7+ BREFRIKBEEFIA T M EZED
BELELD, FHBS TREBLH L I>BERROHBLEETH L & M
WO THEIWR » 2,

Thic dociiment i nrovided hv TAXA



Ch

Ch

Ch

Ch

Ch

HOPE/OREX7— 7 o 3 » 7R &

(c) GPSHEF— 7 DBZE (Table 3D %2)
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CEBHBEBERILEDBHODOILU L EEA, 5BOFHHEGP SHMEYyZF LD
EAHCRBRIRNEFIFETH 5,

(d) BEF— s 2 MEidEcEH
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Fig.3 Measured Pseudo-Range(de-orbit phase)
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Availability : BIRFHHE . GPS v 2 7 Al BEEL LT 2B lcE
MATHWERE) RECHEZTOIIZTI IO TMEREN I EICE > T
LE I .

ZIT. BFEOHHEBHEHMICBWTHELAGPSF—s 0T, 7
477V ¥+ VGPS (DGPS) MiZEIT>2 ¢ %2EA 5, BFETHWEL
feva—FLey Yy dEIKIEUTOLEIICREN S,

v (ts)=1c (ts— ta)

= | IFuasvoa(ts) = Fops{te) | Tdsaetdionotdicost c (dts—dTs) (2)
CCTruasuonid . WHOGPSZEHRORERERIZETHS, ETWMELLY =
—FL v PROTdo o, MEEN S,

WE | L3t DEDBOLSHUNTHZEIINRF—sET D5 28 (—FX) % &
5:45:. BHMEBEEERHIEZLGPSHERTOA 7€ O X3 BHED
MERAWVWIEF s v E2NVERATUTOL ST B,

Ap(ts)=p (ts)— 7 (ts)
= | Forex(ts) = Fees{te) | = | Fuasvoalts) = roes(ts) |
—dirop+ C (dts—dts) (3)

(3) ATHHBEEZEBRZEX TS VA THRET LT 2L, XHKIPIIYOR
EXDE~NZ P VEMEOGP SEEROBIABEDE (dt, —dts) D4 > &
B, ABBLUEDF— S 2AVWTHRT 2, L2 0BAE. SACPEHEERET
BERLOBRELZENIE2ERMN—EEZEX2 LI LTREENRTVWEDOT, M
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EREOR ELPHFHTE %,

(2) B&ER

GBI, OREXDBEFELZLRRXLCHETF VA - BZETEL
F500MHMOF— 2HVTIT»ce COMMBMRHAR (BEFE) OdCyr F U
— S DF— s bETETCEBD. LS hoRDODALMNBEBEEL O THE O
Tdh b,

Fig.513. GPSICXZ20REXDHEHTEFERE3IRTMNICTo y PLAZbD
T, BALEZEBL TCWI2HHOBRITTH 2 LB ahd, COLEDOHES
BE X #)450kn~408knT & % o

OREX flight path

Nogi radar site

Fig.5 OREX Flight Path Estimation by GPS

COHEERZCANVYPFL—SFOERIEBLAONFIg. 6T, 3z h T hic
DWTTey PLTHB, BEZRIIGPS THELENSEIWGS 84 (Fig. 108
B) 2ALTWS, BYURRGPS 4 Aa%2EHALTED ., 432, 009% 0 H A
Mo2 A4 HFM OB LTWS, R¥IO1 0 0 R V- FRIOME 7 «
NVIBFRICRELTVWEWOTHBmOWNEr»roBRATEELT. BE4008
MTHEAK6 0 OmEBEEOCRBOENSH TCVWEIEBGME, Lhdb, TDOERE
WEBHTEHEMNCEILLTWE, COFRD—>2& LT, GPSHAITRIEHER
EBEPLSAOEBILIVEERESBILLTVWARILBELLONS, T I T,
DGPSAHER2ITVWINSDODREZWNVBROVIERDSFIg 1TTH 5, Fig. 6 & &
T3LE. HODPRMBOEDEEMBEMANKHEA. "4 TRABENLBEHICE > T
WBIEBN LD, HiIoxAplid, 2ETOMEEOKRERELLBBEAT. »
B 75y bREBERTLIIICHE oo CHIE. DGPSHEZEZITICEIL X
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AOEBRDL>BHEE. DCPSHEOEERERM X 2Wn(1c)BE IR LI
TTHD: o THmDERMMIHOERTRELTVWSEEELZONSE, 22T
NEBEDOEDF— 5 2WGS 8ALUANDHOBERTERRAL TF— s BN T %
45, Fig. 8id LV — 7 LO0OREXZ2#58ELE (Slantdfy) icH@HEZEZBRELAL DT,
sinh — T RHARHKNRBRETH LI LB DB, Zhid,. L—FEGPSOEER
DEMA TP TN T AES AL 2B RE T, BlicH E8e 5mcid
ELIBOMBOEDTF— 7o Z0RRIIHN T 0nsec TH 2 I EMB o>, &
DHFNEBGPSZEHBAICELLL. CAVy FL—SF OBt IToBETEL
LOhRBERIS I TH 24, WEFhict L 0mseck %5 F o LTHEETH &
Fig. 90 21t —F LGP SHB I —HITE2ERLT B, T nidSlant$h. cros
s-trackf#fi. B £ Fcross-slanthfi (Fig. 108H) KBEZBE L b T., &)
EH100n~300mELNICENHT E - 720

SORBHOELRF LIRS L, + XT3, 3100 2EIc (E4d5W0Widd) i
FRICR T EMB0h 2. ERIOEBAICOREXEC Yy FL—FicHiE
MLTHED, COBEEBICOREXEV—FVOEMFENEMNEBERES B -
TWwd, LW > T, Fig. 80ERCONBHEEZECEEINIBALIPOBEE L X
23D THIEMEING, BEDEIA, GPSHAVWRC NV FL—FDE
OPEREFPIBRIPBETETCVRVWE, SEORFTOPTHLILIILTWE K
Vo WFRIZE X, DGPSICL2HEHTERRELV - F I 2R 3300PIN
T—HLTBD,. OREXKELIZ2LBEPNOTOFHZER TOGP S F— % DI
FRRILALLERST SN B,

Thic dociiment i nrovided hv TAXA



BT R RE B 245

B

246 #ZEF

600 ; ! ! ;
400

200

-200

slant-axis position difference (m)

-400

~ 1 1 1 1
6(}{932 4.321 4.322 4.323 4324 4325
GPS time (sec) « 105

Fig.8 Position Difference between Radar and DGPS in the Slant Axis
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Fig.9 Position Difference between Radar and DGPS
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Fig. 10 Coordinate System
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OREXIELBULSFHHGCGP SZEBEREROFMEITV. (ESHIENH
RIEFEOITTbNI I EEHRLc, MEKBLTRAZ S A4 v THEHBEET
W, FHEHECHEHTEICGPSHEMNTHE LA RLEk, ¢/ HMERED
DGPSOFHMEBREN I,

T, HIERRBICELTCGPSHET — 7 DKE (FILX) WEETH3 O
EL TSy 07y VHBROBBIEZARKETE VAT LAOHMENKLETH B
CEBBHOPILHE ST, SR N UEHBHEREEREMD L LA e Y22 b T
GPSZHMALIMEVYZAFTLADPFBEEINTEDY . OREXTOBRERT
BoNFHORMEED TWE LI ATH S,

EEP YN
(1) Kawano et al., The Application of GPS to the H-I] Orbiting Plane,
Navigation, Vol 38, No.4 Winter 1991-1992 pp317-339.
(2) ssARfb., TOREXEBEBEAGPSZEH EFEZEHOR] M2 H.
F3ObOFHBERMNESHERBIESE (1992)ppa29-434.
(3) MAMm [/NAEHHEEERADGP SMEY X7 AR 1 #.
B3 THFHBFENESBHESHAEE (1993)ppd19-422.
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Fig.6 Position Difference between Radar and GPS
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Fig. 7 Position Difference between Radar and Differential GPS
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