

















MIXED TIME-FREQUENCY OPTIMIZATION =

NAVAL
FOR FLEXIBLE SPACECRAFT POSTGRADUATE
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Introduction

Residual vibrations are an unavoidable result of
reorientating flexible space systems. Conventional wisdom
says, the faster a spacecraft rotates, the more vibration that is
introduced. Therefore, current approaches trade maneuver
time for reduced vibration in the flexible

appendages(s). This thesis explores model-based trajectory
optimization as a mechanism for increasing rotational agility
while simultaneously managing flexible effects for reduced
residual vibrations. To make the approach suitable for
practical systems, a key innovation is to utilize a new mixed
time-frequency approach where the modal response is
managed in the frequency domain. The development uses
a flexible link system for laboratory proof-of-concept.

Quanser Rotary Flexible Link System serves
as an easy-to-use laboratory system

Current Results

* A trajectory optimization problem control problem is

Xy ]
Y= w, 5= f;]_ o constructed and solved to create a command profile to
o4 drive the system from 0° to 45°.
Minimize: JEOUO.E] =t Cost * Vibrations are managed using the time-domain
Subject to: Xy = 7 . . . .
R o Flexion Path constraint which restricts the allowable
X3 = —743.36x; + 654.66X, — 113.8x; + 743.36x L D i 3 s : . o
Y02 743360 - 10135, + 10580, - 743368 [ flexion in the flexible link to less than 1°.
xs e . . . . .
to=0 ] * Unlike classic control inputs, the optimal control input
(x1(to), X2(to), X3(to), Xa(to), Xs(t0)) = (0,0,0,0,0) . . . .
eyi=Xy; —45 =0 has almost no residual vibrations after the completion
: g - of the maneuver (see plots below)
designed to bring system back
o —45=0 ] to pestat =457 * Optimized solution allows maneuver time to be
hy(x) = [12.04(xs — x;) — 1.275x,| < 10 Voltage Constraint (Path Constraint)

reduced (increasing agility) while simultaneously
reducing residual vibrations for more accurate pointing
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Next Steps
* The next step for this work is to create a higher * A frequency-based path constraint will be
fidelity model to capture the multi-mode developed to manage the uncertain frequency
response of the laboratory system response of the residual vibrations. This is in
line with 'practical engineering logic'
e
FL(ju)| < [Flx(jw), u(iw), to, t7,pll < [FV(Gw)|  poiieheiey e,
e * The results of this thesis can be applied to any
Plexiori Rasporisant space system to‘ improve agility and stability of
Laboratory System Shows the bus and/or its payload(s).
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Satellite LEO and MEO Technical Information
Meeting & Exchange

October 07-11 2024 | 0800-1600

Fostering active dialog among industry and Government
entities that are looking to employ Non-Geostationary
Satellite Orbit (NGSO) constellations for a variety of
military and Government applications
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Space Systems SCIF Lecture Series
Y July e August e September 2024
w NPS SCIF, TS/SCI//SI/TK Clearance Required

t PRAESTANTIA PER SCIEN

The Naval Services need Space-educated requirement developers and technically astute
operational practitioners dedicated to Maritime Operations

Naval Officers must be able to affect the Space domain from the Sea

Naval Officers must be able to leverage effects from the Space Domain to the Sea

The Space Systems Academics Group (SSAG) is pleased to present a series of drop-in lectures by guests
from diverse offices of practice. This series is a portion of SS3001 dedicated to learning about new and
refreshed space systems and what they offer the Warfighter in a classified environment.
Registering for SS3001 is not necessary to attend drop-in sessions.

Drop-In Lecture Schedule ® Tuesdays & Thursday 0800-09:50am ¢ SCIF CR2

o 08-11Jul: 2" Annual SecNav Naval Space Summit (see separate notification & schedule)
e 18 July: Cislunar Competition

¢ 19July: History of the National Reconnaissance Office

e 23July: Electro-Optical Space Systems Part |

e 25 July: Electro-Optical Space Systems Part Il

e 30July: Overhead Persistent Infra-Red Space Systems

e 01Aug: Overhead Radar Space Systems

e 06 Aug: Low Earth Orbit Signals Intelligence Space Systems

e 08 Aug: Highly Elliptical and Geo Signals Intelligence Space Systems
e 13 Aug: Commercial Electro-Optical Space Systems

e 03Sep: Proliferated Space Systems

e 05 Sep: Protection & Resiliency of Space Systems

Open to all cleared faculty and students interested in learning more about the space systems competing in the ultimate high ground. The lectures will be at
the Top Secret SCI - level with SI/TK caveats. Seating limited in SCIF Classroom 2, first come first serve.

For more information:

Visit the Space Systems Academic Group at nps.edu/web/ssag

Contact Mr. Gary “Grinch” Thomason, Space Systems Academic Group, gary.thomason@nps.edu
Contact SSO for clearance related questions sso@nps.edu
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