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Analysis of Thrust Misalignments and Offsets of Lateral Center
of Gravity Effects on Guidance Performance of a Space Launch Vehicle
Eun-Jung Song', Sangbum Cho” and Byung-Chan Sun’

Korea Aerospace Research Institute

ABSTRACT

This paper investigates the effects of thrust misalignments and offsets of the lateral center of
gravity of a space launch vehicle on its guidance performance. Sensitivity analysis and Monte
Carlo simulations are applied to analyze their effects by computing changes in orbit injection
errors when including the error sources. To compensate their effects, the attitude controller
including an integrator additionally and the Steering Misalignment Correction (SMC) routine of
the Saturn V are considered, and then Monte Carlo simulations are performed to evaluate their

performances.
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Table 1. 3o uncertainty level of system parameters

System Parameters Uncertainty 30 Level
Inert Mass 0.30%
Propellant Loading : LOX 0.80%
Propellant Loading : Fuel 0.64%
Propellant Utilization 1.00%
Thrust 2.40%
Specific Impulse 0.80%
Thrust Misalignment : pitch 0.2°
Thrust Misalignment : yaw 0.2°
Drag 15.00%
Ycg offset 1.2 ~ 32 cm
Zcg offset 1.2 ~ 3.2 cm
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Fig. 1. Attitude control loop of a space launch
vehicle with PID controller
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Table 2. Velocity errors at orbit injection by
+30 uncertainties of stage 3

Uncertainties (ri?s) (rFT)1|/Es))
Inert Mass 0.036 0.104
Propellant Loading : LOX 0.072 | -0.038
Propellant Loading : Fuel 0.017 0.088
Propellant Utilization 0.065 0.132
Thrust 0.085 0.077
Specific Impulse -0.009 0.075
Thrust Misalignment : pitch 0.602 0.136
Thrust Misalignment : yaw 0.735 0.096
Ycg offset 0.589 0.236
Zcg offset -0.604 | -0.169
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Fig. 15. Pitch attitude error of Case 2-4
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Fig. 16. Pitch actuator command of Case 2-4
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