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Liquid-monopropellant Thrusters for the 3-axis Attitude
Control of Space Launch Vehicles
Part 1: Performance Characteristics and Application of
Liquid-monopropellants

Jeong Soo Kim*' - Jeong Park* - Hun Jung® - Ho Dong Kam** - Jae-won Lee***

ABSTRACT

A performance characteristics and application status of liquid-monopropellants used for 3-axis control
thrusters are surveyed, in this paper. Hydrogen peroxide was widely used as monopropellant until
mid-1960s, but it is rapidly replaced with hydrazine which has better performance of specific impulse,
storability, and so on. Hydrazine is mostly employed as a liquid-monopropellant of satellite,

interplanetary spacecraft, and space launch vehicle owing to its moderate performance features.
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Table 1 Applications of the hydrogen peroxide as a monopropellant in the USA and Russia [3-5]

Country QuantityxThrust Spacecraft Developed in
- ASSET 1963-1965
USA 6x107 N + 6x4.45 N Mercury 1959
4x196 N (Pitch/Yaw), 4x62.3 N (Roll) Scout-B 1960
HyO,: 4x98 N, GNj: 8x9.8 N Star-37B Motor 1975
Soyuz-A-SA Study 1962
LEK-SA Study 1973
. Soyuz-7K-MF6-SA 1976
Russia 698 N Progress OKD 1978-1990
Soyuz-T-5A 1978-1986
Progress-M-OKD 1989
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Table 2 Characteristics of the monopropellant hydrazine thrusters selected in the USA, EU, and Russia [1,3,7]

Country | Model | Thrust (N) |Is (s) Applications
Voyager, Intelsat-5, MMAS-3000/-4000/-5000/-7000, Mars Observer
MR-103 112 227 ACTS, Magellan, GPS
ERBS, ACTS, Radarsat, Mars Observer, Wind/Polar Landsat
MR-111 441 229 MMAS-4000/-5000/-7000, Intelsat-5
SMS, Viking, Metosat, GOES, Voyager, GPS, Intelsat-5, Scatha
USA MR-50 22 228 MMAS-5000, Delta Star, Magellan, Wind/Polar
Radarsat, GPS Block 2R, HAS/Peace Courage, Titan Centaur
MR-106 267 232 Atlas Centaur, PAM A/S
MR-120 90 229 | Small ICBM
Delta-II, Titan-II, Commercial Titan, PAM-D, Pegasus, STEP
MR-107 257 236 Small ICBM, HAS/Peace Courage, Atlas
MR-104 441 239 | Voyager, Magellan, DMSP, Tiros N, Landsat
OST-1/-2, ECS-1~5, Telcom-1A~1C, Marecs-A~B2
CHT-0.5 0.5 227.3 Skynet-4A~4C, NATO-4A~4B
Globalstar, Jason-1/-2, Rocsat-2/Formosat-2, Theos, TerraSAR-X
CHT-1 0.32~1.1 223 | Radarsat-2, Tandem-x, Calipso, Corot, Cosmo-Skymed-1~4
Galileo GSTB-V2, Herschel Planck
OTS, MCS, ECS, Telecom-1, Giotto, Skynet-4, ISO, Ulysses
EU _ - y 2 y , y Y "y , Yy
CHT-2 0.6~2 227 Meteosat, NATO-4
CHT-5 1.85~6 228 | Skynet-4, NATO-4, Hipparcos, HAPS
CHT-10 3~10 230 | Meteosat, SAX
CHT-20 7.9~24.6 230 | EURECA, HAPS, XMM, Integral, METOP-1~3, Herschel, Planck
CHT-400| 130~455 224 | Ariane-V, ARD
DOT-5 5 230
DOK-10 10 2294 Several Soviet spacecrafts, satellites, space stations, missiles, and
Russia — SLV for providing attitude control, stationkeeping, minor trajectory
DOT-25 25 234.5 maneuvers, small flight-path corrections, etc.
DOK-50 50 2294
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Table 3 Properties of monopropellants [6,3]

Isp* Density impulse | Freezing point | Boiling point #

Name (Ibr's/1bu) (Ibr-s/ ) (°cg:) (°gC) Hazards

Hydrazine (100%) 245 15,295 1.1 112.8 B,CFT

Hydrogen Peroxide 192° 17,140° 06" 150.0° B,C D, F
HAN-Glycine-Water 200 17,729 -35.6 - B, D, F

3 in vacuum with nozzle area ratlo of 100:1 and chamber pressure of 70 bar (1,000 psia)

B = burns skin; C = corrosive; D = decomyoses, F = flammable; T = toxic

® 98% concentrated hydrogen peroxide; ~ 100%

concentrated hydrogen peroxide

Table 4 Developers/manufacturers of small thrusters and their production status [1]

Organization and Location

| Production Status

Hydrogen peroxide monopropellant (no longer produced)

Walter Kidde & Company, Bell Aircraft (today ARC), General Electric Abandoned
KB Khimmash Abandoned
Hydrazine monopropellant
Hamilton Standard (UTC), Royal Ordnance (today ARC) Active
Aerojet formerly Rocket Research Corp., Active
Northrop Grumman (formerly TRW) Active
KB Khimmash, OKB Fakel Active
China, Israel (manufacturer not identified) Active
Bolkow, SEP (today EADS) Active
Ishikawajima Harima Heavy Industries Active
Walter Kidde & Company Disbanded
Hughes Aircraft Company (abandoned this business) Disbanded
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