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Low Earth Orbit Satellite Momentum Dumping Using Thruster
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Korea Aerospace Research Institute

ABSTRACT

In this paper, we will review the thruster based reaction wheel momentum dumping method
for low Earth orbit satellite. Thruster based momentum dumping is widely used in GEO
satellites by performing momentum dumping and attitude control using thrusters at the specific
time. LEO satellite should perform momentum dumping at any time, thus it is not appropriate
to use GEO satellite’s momentum dumping method. In this research, we will review the
method for LEO satellite, which perform momentum dumping always and use reaction wheels
for attitude control during dumping. To reduce thruster’s valve on and off counts, we propose
to use the maximum pulse width for thruster operation. To prevent attitude error increase by
thrusters, we adjust the thruster operation interval. Through simulation, we verify the proposed

method’s effects.
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Table 1. Symbol Summary

tpwMm Thruster pulse width

tewmmax | Thruster pulse width (max allowable)

Trir Thruster output torque

Thruster output torque (averaged)

TrarAvG
’ Trir ave = Trur X tpww/townviax

Trw Reaction wheel torque

Trwamax | Reaction wheel torque (maximum)

Hyy Reaction wheel momentum

Hyyy nominat | Reaction wheel momentum (Nominal)

Unwanted momentum

Al AH= Hyw — Hpw nominal

AHyy Dumping start momentum

AHoypyp Dumping end momentum

At gump Dumping command generation interval

time

Dumping
Torque
TYHR
towm,1 . _t_'i‘f"_’!'_z_
tPWM,ma)(
Dumping
Momentum
Trur X (towmr +towma)
TTHR X tPWM|

time

Fig. 1. Thruster Torque and Momentum
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Table 2. Momentum Dumping Comparison

GEO LEO

Agility Low High
Main purpose of Disturbance Maneuver
RW Momentum absorption
Momentum P
Dumping Time Specific Time Always
Momentum Magnetic
Dumping. Actuator Thruster Torquer

ping (Thruster)
At
ttlFude Contr ol Thruster RW
during Dumping
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Fig. 2. Momentum Dumping (GEO)
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Table 5. Results Summary
Low—gain High—gain Constant value
Thruster control period (s) 0.25 1.50 4.00 1.50 4.00 1.50
Peak Error (deg) -19 e-3 -0.3 e-8 -7.1 e-3 -9.8 e-3 -7.1 e-3 -9.8 e-3
Peak Rate (deg/s) 14 e3| -14e3| -116e3| -116e-3| -116 e-3| -11.6 e-3
Initial momentum dump time (s) 16 160 52 18 44 15
Vavle CNT (cnts) 111 108 20 23 18 17
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