HOPE/OREX7—7 > 3 v 7#HERE 1

H-Io’sry PORR
FHAREER ER-E S

H-TIo4s5y R, DREOoYy FEHOREED T, 2BEBXEHITL S
BHREZEDTEXLLOTH D, BILEREIZ2 P OALIHFEEXT LIFAENLE
THHRANKEOEHREZRADY y FTHP, H-T ok v b3, §%b2E
DEHOTy PELT. REAIHGESFOIT LY BEEIIHA TR EEL T
5,

SAH-I0Yy POTEFEKERDLEZZER, DXEODY v FEHIER
MUVRVICETEEULURLIEEZRIETAEEDHIT, DIBRSBRIEELOBHELT
HHRBU LT HAECEBER T ALDOERN L FEHOGEATFREIERTEALILEELE
%I 5,

H-Ioyy POBRER. WCEI>XORHIEBICEZ L. YOHEWKE~XZ
FBNENLD, TEOERAEELL, 1. 2BEB&, 2B Y VLE~-5A,
Bhoyry b T —25, HRE72TY V7, BEBBSORBMRBRIBERICEANK, L
MU, LE-TZ VYV ORBTRIVEELUEFHREELESE L1,

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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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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