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Table 1 Development of NASDA’s Launch Vehicles

N-1 N-II H-1
20m —— F&
(LR
om
Start of Development 1970 1972 1980 1986
Launched Number 7 8 9
Program Completion Sept./1982 Feb./1987 Feb./1992
s PN GEO kg 130 350 550 2000
35| LEO ke 1200 2000 3000 9000
& Engine Lig MB-3(LOX/R}-1) | ditto Lig.LE-7(LOX/RH)
5 | Length m 21.4 22.4 i 29
? | Max Diam 2.4 2.4 itto 4
= | Total Weight t 70.2 86 97
Engine Solid Castor 1(CTPB) Solid NISSAN (HTPB)
& | Lengthm 7.3 ditto 23.4
g Max Diam 0.8 1.8
Total Weight t 4.5/each x9 ditto 71/each x 2
§ { Propellant Weight t 3.7/eachx 3 59/each
E‘ Average Thrust t 23.7/each ditto 160/ each
& | Average 235(sea level) 271 (vacuum)
Burning Time s 39 95
& | Engine LigLE-3(N;0/A50) | Liq.AJ-10(N,0/A50) | Liq.LE-5(LOX/LH) | Liq.LE-5A(LOX/LH)
g Length m 5.4 6.0 10.3 10
o | Max Diam 1.6 2.4 2.4 4
& | Total Weight t 5.8 6.7 10.6 16.8
Engine 'Polid STAR 37 N(CTPB) {Solid STAR 37 E(CTPB) | Solid NISSAN(HTPB)
Lenght m 1.35 1.68 2.03
© [Max Diam 0.95 0.95 1.30
5 | Total Weight ¢ 0.62 1.12 2.00 Not Applicable
— | Propellant Weight t 0.56 1.04 1.84
& | Average Thrust t 4.0 6.8 7.9
Average ISP s 290.2 285.6 291.0
Burning Time s 39 44 68
Engine Sofid SVM-2(CTPB) | Solid STAR 27(CTPB) | Solid NISSAN(HTPB) | For the experimental
s Legth m 0.89 1.24 1.49 Engineering Statelite
S |Max Diam 0.57 0.69 0.75 VI (scheduled in 1992)
= | Total Weight t 0.14 0.361 0.544 a liquid bipropellant
& | Propellant Weight ¢ 0.12 0.334 0.504 engine will be used.
8 [Average Thrust t 1.49 2.7 2.7 The missions which re-
< | Average ISP s 284.0 290.6 293.6 quire solid motors are
Bdurning Time s 23 36 54 not yet decided.
CTPB : Carboxyl Terminated Polybutadiene
HTPB : Hydroxyl Terminated Polybutadiene
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Satellite 3rd Stage/Satellite Separation
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Fig. 2 Schematic Diagram of Pyrotechnics Sequencing System
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Fig. 3 H-I Rocket Pyrotechnics Sequencing System Time Flow Chart

Table 2 Results of Pyrotechnics and PS System

Sequence of Events Nominal (sec) Acquired (sec) Notes
TF #3 F #1
(27.8.°62) (19.2.°63)
SPM Ignition 0.0 0.0 0.0 Start Point of PS System
(PS System Start)
Spin Up Finish 3.5 3.5 3.6 SPM
(Burning Time) (3.5) 3.5) (3.6)
2/3 separation 5.0 4.8 4.7 SDD-5
3rd Motor Ignition 28.0 28.4 28.2 LDD-28
3rd Motor Burn Out 90.0 90.9 91.2 3rd Motor
{Burning Time) (62.0) (62.6) (63.0)
3/Sat. Separation 150.0 150.2 154.2 LDD-150
TRM Ignition 151.5 151.6 155.3 SDD-1.5
TRM Burn Out 153.3 153.5 157.1 TRM
(Burning Time) (1.8) 1.9 (1.8)
Telemetered Items
LDD-150 13—33 221. 0 211. 0 at Lift Off
T
emperature () 16.0 17.0 at Activated Time
92.7+5.1 94.4 at 2/3 Separation
l —_—
96.1
Spin Rate (rpm)
89.5+4.5 91.7 at 3/Sat. Separation
— !
92.6
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Table 3 Orbital Elements at Burn Out Time of the 3rd. Motor

TF #3 FT #3
Oribital Elements

Nominal Acquired Nominal Acquired
Apogee Height Km 36775.9 35901.1 37159.6 36754.5
Perigee Height Km 199.9 199.3 199.8 199.8
Inclination deg 27.90 27. 896 28.30 28.33
Arg. Perigee deg 179.00 179. 149 178.00 178.28
Period min. 650.4 633.3 650.6 650.0

Table 4 Orbital Elements at Burn Out Time of the Apogee Motor

Apogee Height km 35947.6 36033.5
Perigee Height km 33199.1 33455.1
Inclination deg 0.13 0.16
Arg. perigee deg 26.5 5.1
Period min. 1374.5 1383.2
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H- I Rocket Vehicle

Development of Upper Stage Solid Motors and Pyrotechnic System
1. H-1 Rocket Vehicle

by Masashi MOCHIZUKI*, Teruo SOFUE*, Yukio FUKUSHIMA*
and Tomihisa NAKAMURA*

H- 1 vehicle is a three stage rocket suited for launching a geosynchronous
satellite. The capability is 550kg into GEO. NASDAs first satellite launch vehicle
N-1, N-T and their technologies of the design, manufacturing, operations etc
were introduced to Japan from the United States. Through 15 launches of N- I
and - II for 12 years these space technologies were transferred steadily to us.
Then we could have a H- I type vehicle which has many autonomously developed
subsystems.

The 3rd stage motor, pyrotechnic systems and solid apogee motor are newly
completed and verified successfully with two launches, TF#3 and F#1. These
items will be adapted after H- I Project for the next coming new H-II vehicle
which consists thoroughly of the national products of Japan.

This report is devided into 3 parts. The 1st. report introduces general feature
of H- I, its upper stage solid motors and pyrotechnic systems. The 2nd. paper
will submit reports on the development of upper stage motors and their solid pro-
pellants in details. And the last 3rd. one will report the development of
pyrotechnic items and system structure.

(*National Space Development Agency of Japan, Department of Launch

Vehicle Program, Tokyo Minatoku Hamamatucho 2-4-1)
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