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GENERALIZED GUIDANCE SCHEME FOR DE-BOOST OF LAUNCH VEHICLE TERMINAL
STAGE USING ATTITUDE CONTROL THRUSTER

Abstract

This work presents the mission design for de-orbiting space debris generated by the terminal/spent
stage of the launch vehicle. Post-satellite separation, the terminal stage of a launch vehicle remains
in a stable orbit, contributing to the growing population of space debris in low earth orbit (LEO). It
poses a significant risk to future space missions and infrastructure. The work proposes a generalized
guidance scheme addressing the problem of space debris. The proposed scheme transfers the spent stage
from a stable orbit to a suborbital trajectory while ensuring safe disposal on Earth (in the ocean). The
de-orbiting maneuver uses low-thrust (47 N) attitude Control Thrusters (ACT) and residual fuel from
the terminal stage. The guidance system steers the thrust vector to achieve the required flight path
angle (FPA) at the re-entry altitude while satisfying mission constraints on ACT burn duration and
thrust cut-off altitude for initiating propellant dumping (passivation). The generalized guidance scheme
offers configurable guidance parameters. The guidance parameters are optimized using the Teaching-
Learning Based Optimizer (TLBO). The optimization problem is formulated to minimize the de-boost
burn duration while adhering to specified mission constraints. The effectiveness of the proposed guidance
scheme is demonstrated through simulations and comparative analysis. The proposed guidance scheme
supports space debris mitigation and addresses the growing concern of space debris.



