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This semester I would like to simulate and fly a solid propellant rocket that holds parallel about a vertical
axis without passive aerodynamic stabilization such as fins. Fin restoring moment scales with dynamic
pressure, so it vanishes at low speed and in thin air (e.g. space). TVC moment scales with thrust times the
lever arm and does not depend on airspeed making it the primary method to control space-faring vehicles.
The goal of this project is to demonstrate high controllability in regimes that are too slow or too thin for
fins, and to address the mechanical, computational, and control challenges of TVC at model scale. To do
this I am repurposing hardware and firmware from the drone and aircraft industries, namely the Pixhawk
6X running ArduPilot. To my knowledge, these open source stacks have no native mode for guiding a
rocket by gimbaling a motor. So I will build the estimator and control law myself on the flight controller's
addressable hardware and compare the result against ArduPilot's own estimator of position. The end goal
is a program and control law that flies the vehicle with no user input.

The vehicle is slated to be about four feet (1.2 m) long and three inches (7.6 cm) in diameter, with a liftoff
mass of a little over two pounds (about 1 kg). The airframe likely should start as cardboard, with the goal
of moving to carbon fiber or fiberglass depending on the university rocketry team's manufacturing
capability this year. The sensors, batteries, and peripherals are to sit in the nosecone to keep the CG
forward and offset the instability of a finless body. Propulsion is an AeroTech [49N-P, a reloadable, non
monolithic 38 mm motor with about 11 lbs of average thrust, 16 1bs of peak thrust at liftoff, and a 6.5 s
burn (AeroTech n.d.). That gives a liftoff thrust to weight ratio of roughly 6.

The entire motor assembly gimbals about a fixed pivot at the base of the rocket, roughly 1 ft from the CG.
Two orthogonal control arms, each driven by a high voltage servo, move the motor through a cone of up
to ~+10° in the ideal linkage geometry, with the usable range to be confirmed on the bench. Each servo
horn is 1 in long and drives a 4 in carbon pushrod attached to the motor casing 4 in from the pivot. The
horn sits perpendicular to the pushrod at neutral, so motor angle goes roughly as the sine of servo angle
and gain is highest at center. Testing the mechanism to measure this gain map and the servo frequency
response is a primary concern, since both feed the actuator model in the equations of motion. Moving the
motor also shifts the CG, although almost negligibly, and adds inertial coupling, which should be
quantified and either modeled or justified as negligible as well.

The Pixhawk 6X provides three IMUs and barometers, and an external MPU-6050 is added for bench
testing. Sensors will be modeled with noise and bias, and a Kalman filter + PID based controller will
provide attitude, altitude, and vertical speed estimate and control. GPS is a stretch goal that would add
waypoint guidance during the vertical ascent.

The ultimate deliverable of this project is controlled ascent demonstration and the hardware and code
capability to control any similar scale vehicle, with the ambition of applying it to a hopper or landing
vehicle for the university rocketry team's liquid propulsion rocket.

Development will follow a simulation first workflow. The equations of motion, sensor and estimator
models, open loop simulation, and control design are to be built and tested in simulation, starting with
control law scheduled by flight regime. The software is then to be bench tested on the gimbal and



ultimately static fired to determine response characteristics of the mechanism under flight-like load. From

this point changes will likely be incorporated into the software, simulated and then taken either to static
fire or directly to attempted flight in 2027.
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