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Initial orbit

Final orbit

Low-thrust transfer: a recent problem in astrodynamics
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Fast motion of the satellite on a slowly-varying orbit

Transfer trajectory
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Orbital perturbations may introduce new frequencies

Challenges: Do adjoint variables introduce additional fast dynamics?

Is simple averaging enough when resonances are crossed?

Satellite longitudeEarth's non-sphericity

Third-body effects
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1. Dynamical systems with slow & fast dynamics

Outline

3. Near identity transformation of the initial state

2. Averaging the two-phase optimal control problem
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Time

Averaging: an effective way to remove fast dynamics
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Is averaging compatible with resonance crossing?
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Is averaging compatible with resonance crossing?
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Is averaging compatible with resonance crossing?
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Rich literature quantifying "small" and "most"

Time
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Optimal estimate for two-phase problem (Neistadt)

Time Capture is prevented!

Resonant zones



13

1. Dynamical systems with slow & fast dynamics

Outline

3. Near identity transformation of the initial state

2. Averaging the two-phase optimal control problem
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Slow Fast

Minimum time low-thrust transfer

What about the dynamics of the control?
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Necessary conditions: are adjoints slow or fast?

?
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Adjoints remain slow in the multi-phase case
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Transfer to geostationary orbit

Moon

J2



18

Averaged solution satisfies Neistadt's requirements

steady decrease of the orbital frequency!



19

J2 only
J2 + Moon

Averaged solution plugged in the original system
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Enhanced precision by averaging Moon gravity

J2 only
J2 + Moon


