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Abstract

The NASA-funded Pterodactyl project seeks to advance the state-of-the-art for varying entry vehicle
types by developing unconventional guidance and control technologies for Deployable Entry Vehicles (DEVs)
that can be applied to different entry vehicle configurations. Prior work by the authors [I-5] involved
developing both traditional and novel integrated guidance and control solutions for a Pterodactyl Baseline
Vehicle (PBV), a variant of an asymmetric DEV called the Lifting Nano ADEPT (LNA) [6]. In the prior
studies, two different guidance schemes were designed and implemented for the PBV: (i) traditional bank
angle guidance developed using the Fully Numerical Predictor-Corrector Entry Guidance (FNPEG) and (ii)
novel angle of attack and sideslip (« - ) guidance developed using FNPEG with Uncoupled Range Control
[4]. Using Linear Quadratic Regulator (LQR) optimal control methods with state-feedback integral control
designs, these guidance trajectories were designed to be tracked using (i) a conventional propulsive entry
vehicle control hardware architecture - reaction control systems (RCS) and (ii) novel non-propulsive entry
vehicle control systems - aerodynamic flap control system (FCS) and moving mass control system (MMCS)

i

The novel FCS and MMCS architectures were designed to track a - S guidance commands while the
RCS was designed to track bank angle commands. It was discovered that the asymmetric DEV, the PBV,
experienced a non-zero induced roll moment due to sideslip that the FCS and MMCS architectures had
limited capability to trim out. These two architectures were designed to provide independent angle of attack
and sideslip commands with limited consideration for roll moment generation to trim. As a result, for the
PBV, the FCS and MMCS configurations as designed, were limited in providing the control authority needed
to track an « - 8 guidance trajectory [1]. These results form the motivation for the work presented in this
paper - utilizing an aerodynamic control system to track « - 8 guidance commands for a symmetric DEV
with the expectation that a symmetric entry vehicle will have zero or significantly reduced roll moment due
to sideslip that the FCS can handle when tracking an « - 8 guidance trajectory.

To demonstrate the feasibility of a novel guidance and control architecture on a DEV, we utilize a sym-
metric DEV, the PBV-II, for (i) the novel « - § guidance development using FNPEG with Uncoupled Range
Control and (ii) LQR control design using eight aerodynamic control surfaces. This paper demonstrates
that the novel uncoupled « - 8 guidance tracking can be achieved using aerodynamic control surfaces on a
symmetric deployable entry vehicle configuration.
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