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ADAPTIVE OPTIMAL CONTROL SYSTEM DESIGN FOR AMATEUR ROCKETRY

Abstract

Amateur rocketry involves the design, manufacture and launch of solid or hybrid propellant rockets by
civilians and engineering students around the globe. Amateur rocketry is particularly popular amongst
university students. Amateur rocketry enables engineering students to acquire experience designing,
manufacturing and launching rockets, often igniting a passion for the space industry in the next generation
of students. This thesis is written by the 2021-2023 President of the University of New South Wales
Rocketry team and describes the application of adaptive optimal control techniques to the amateur rocket.

The thesis presents control system design and simulation for an amateur rocket with tail fin control
surfaces. The difficulty for the student rocketeer to obtain necessary aerodynamic and control data
for mathematical modeling through the use of computational fluid dynamics and wind tunnel testing is
highlighted, and a novel method to analytically determine such aerodynamic data based on geometries is
presented. The analytical methods presented are compared to the results of the wind tunnel to verify the
accuracy of the derivation.

A novel design of an adaptive Linear-Quadratic-Gaussian control system, enabled by the analytical
calculation of aerodynamic and control data, is presented. The designed control system is simulated to
determine the robustness of the controller and the controller’s ability to effectively control the translational
and rotational velocity states of the rocket throughout the coast phase of flight.

Throughout the thesis the critical obstacles in the control system design process are discussed and
solutions are presented. Critical obstacles include linearisation of the highly non-linear rocket mathemat-
ical model, adaptive controller design for a system without an equilibrium point, optimally calculating
the feedback gain for a system with an uncontrollable state, and adaptively filtering noisy measurements
and estimating the state of the system using the Kalman filter.

The thesis presents the design methodology of the control system from the mathematical model deriva-
tion to the verification and testing of the designed controller. Advancement is made in the comprehensive
documentation of the design procedure, as rarely in literature is adaptive optimal control applied to the
field of student rocketry. This thesis provides a comprehensive methodology that may be utilised by the
student rocketeer in the design and simulation of a guided or actively stabilised rocket, enabling superior
performance in tertiary rocketry competitions and advancement in tertiary rocketry capability.
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