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Liquid-monopropellant Thrusters for the 3-axis Attitude
Control of Space Launch Vehicles
Part 2: A Practical Application of Flight-axes/Attitude
Control Thrusters to the Space Launch Vehicle and Their
Design Development Localization

Jeong Soo Kim*' - Dae Seok Bae* - Hun Jung** - Hang Seok Seo** - In-tae Kim***

ABSTRACT

A practical application of flight-axes/attitude control thrusters to the space launch vehicle and their
design development localization are investigated and analyzed. Hydrazine thrusters are mostly used in
a final stage of space launch vehicles on account of its higher specific impulse and reliability necessary

for the precise attitude control attaining the orbit insertion with higher accuracy.
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Table 1 Application status of the attitude control systems utilized in the principal space launch vehicles

SLV (Country) Stage Propellant (quantity xthrust, model) Remarks
EAP Steerable nozzle
EPC Gimbaled nozzle Pitch, Yaw
Ariane-V GHz (4 Roll
(EU) Power phase Gimbaled nozzle Pitch, Yaw
[1,2] ESC-A GH: (4) Roll
Ballistic phase GHz (3) x 4 clusters
VEB N>H, (3~4x400 N, CHT 400) x 2 modules
1 LOX/Kerosene (2x35 kN, RD-107A) + Aerofin Vernier
Soyuz-CSG LOX/Kerosene (4x35 kN, RD-108A) Vernier
(Russia) 3 LOX/Kerosene (4x6 kN, RD-0110) Vernier
B3] Gimbaled (RD-0124)
Fregat Main engine translation or NoHy (8x50 N) Pitch, Yaw
upper NoH; (4x50 N) Roll
H-ITIA 1 Gimbaled Pitch, Yaw
(Japan) Mixed gas (main engine preburner + GHp) Roll
[4,5] 2 NoHs (4 N)
IIE 1 Tangential swing engine
(6] 2 NTO/UDMH (4) Vernier
OMS N>H,
Long 1 Tangential swing engine
March 8 5 eng
(China) I 2 NTO/UDMH Vernier
[7-9] N>H, (2x40 N) + N,H; (2x70 N) Pitch
3 N>H; (2x40 N) + NoH; (2x70 N) Yaw
N>H, (4x40 N) Roll
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Fig. 1 Ariane-V [2]
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Fig. 3 Schematic diagram of the
RD-107 used in the Soyuz [8]

Fig. 7 Long March-lll [7]

— 181 —



=)

Il ACS
/A Roll

o

Frequency in use of ACS
N w £

Cold Gas Monopropellant Bipropellant ~ Gaseous
(H.0))  (Hvdrazine) Hvdroaen

Fig. 8 Summary for the frequency of use in
non-mechanical thruster systems of table 1
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(a) Isometric view

(b) Prototype of TCA

Fig. 9 Monopropellant hydrazine thruster (70 Newton
—class) under development
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