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for Displaced Non-Keplerian Orbits by Using Pitch Angle Variation
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ABSTRACT

Displaced non-Keplerian orbit, center of mass is displaced from orbit plane, enables
special spacecraft missions. It requires continuous thrust to maintain the orbit, and
solar sail is useful for this purpose. Equations for feasible region and stability analysis
are derived for non-Keplerian orbit for general continuous thrust. Differences for solar
sail spacecraft are discussed. Non-keplerian orbits are classified into four types.
Location-specific required accelerations for orbit maintenance are calculated. Orbit
stabilities of each orbit type are analyzed and verified by numerical simulations. In
order to control non-Keplerian orbit in unstable region, a control algorithm using the
real-time LQR control is developed and evaluated by numerical simulations.
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: Solar sail acceleration vector

: Differential transition matrix

* Input matrix

: Integral constants

: Control matrix

: Solar radiation pressure vector

: Coefficients of orbit perturbation of
general thrust and planet centered cases

. Coefficients of orbit perturbation of Sun
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centered case

: Solar sail mass

: Coefficients of orbit perturbation

: Solar sail thrust vector

: Solar sail position vector

: Distance from central body to spacecraft
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: Gravitational and centrifugal potential
: State vector

8

Nomenclature

z : Vertical distance from central body to
orbit center

o Solar sail pitch angle

Bt Lightness number

6 : Orbit perturbation vector

n : Vertical perturbation vector

# : Azimuthal angle

k : Solar sail acceleration due to solar
radiation pressure

: Gravitational parameter

: Radial perturbation vector

: Orbit radius

: Gravitational potential

¢ Auxiliary coefficient

: Angular perturbation vector

: Solar sail angular velocity

: Solar sail angular velocity in orbit
radius r
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Non-Keplerian orbit geometry
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