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The role of dynamics in the field

* Orbit prediction: GNSS; conjunction analysis;
mission planning; SSA

* Orbit estimation: Track computation and object
correlation; science missions; orbit prediction;
general EO applications

« System design: station keeping and fuel analysis;
long term evolution of trajectory; ground track
prediction; constellation design
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Characterising dynamics: The Four Fields

» Gravitational (conservative, Earth gravity, tidal
effects, 3" body, relativistic components)

* Electro-magnetic (photon momentum exchange)
» Particulates (atmospheric drag, solar wind)

» Lorentz force (interaction of surface charge with
magnetic field)
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Thrusting and autonomous manoeuvres

* Electro-magnetic propulsion is now the dominant
thrust generation technique on orbit (due to
Starlink)

» Autonomous station keeping and collision
avoidance is used increasingly (LEO and GEQO)
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Accelerations Due to Third Body Gravity Forces vs. Distance From Earth
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Orbital dynamics: Earth gravity
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General pattern of non-conservative forces versus altitude



xample: debris orbit variations over 5 years
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Issues in dynamics at LEO

« Gravity is stronger, requiring high resolution geopotential field
models

« Radiation pressure modelling (particularly Earth radiation forcing
ignored

» Atmospheric density models are still problematic

« Drag modelling requires treatment of space vehicle as an
extended body

« VLEO borders on transition to computational fluid dynamics
(CFD) modelling (mean free path at 100 km altitude ~10 cm)
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Stating the problem

* Where is my asset now? If you have GNSS on
board this is a solved problem to all intents and
purposes

* Where is my asset going to be six days from now
(and every point in between) — now you need
knowledge of state and dynamics

* The further ahead you need to predict, the greater
the fidelity requirements
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OK, but what is the problem?

Ignorance — SGP4 is used routinely. A blunt tool
for applications requiring finesse

* Expertise — high fidelity force modelling is complex
and only a few groups have the expertise

« Assumptions — cannon balls s/c models,
assumptions that effects are negligible

* Treating systematic errors as if they were
Gaussian in filters
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The error budget - irritating answer: It
depends

 Dynamical errors are systematic — the error
accumulation is cumulative and can have a
cascading and insidious effect

« ‘Small’ dynamical errors seem negligible but they
can become costly

« Software and systems — it is a big deal to update
legacy software, particularly in intensive
operational environments



Conclusions

 The LEO regime is heading for a traffic jam

« We need a flight management system

 Intrinsic to this is trajectory prediction
 Prediction is underpinned by flight dynamics

* Flight dynamics is often poorly understood

 |s there a need for better standards?

 |s there a need for better didactic materials/CPD?




