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Simplified method for calculating semi—major axis under laser
micro—thruster for nano—satellite
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Abstract: In order to solve the problem of orbit transfer of the nano—satellite under the action of micro—
thrust of laser micro—thruster, a simplified semi—major axis calculation method for in—plane orbit transfer
under the tangential thrust was proposed by using perturbation equation. The influence of the main
perturbation factors such as the non—spherical perturbation, the atmospheric perturbation and solar pressure
perturbation on the method was analyzed. And the orbital changes of the direct integration of the motion
equation under various perturbations were compared with the results from the simplified method. The
validity and application conditions of the simplified method was verified. The simulation results show that
the orbit maneuverability for nano—satellites can be obtained by simplified calculation method under the
tangential thrust of the order of 100 wN at orbital altitude above 300 km. What is more, for nano—satellite
mission design stage, the solar pressure perturbation can be ignored, the atmospheric drag perturbation can
be ignored above orbital altitude of 500 km, and the influence characteristics of non—spherical perturbation
are similar to those of other satellites.
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(b) Considering non—spherical perturbation, atmospheric perturbation

and solar pressure perturbation
P 1 BUE S R 500 km B, 412 TE 12000 A4R 2R A5 AR B
Fig.1 Change of position in J2000 at 500 km orbital height
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Tab.1 Semi—major axis variation calculated by simplified method and Corwell method for orbit lifting

Simplified Corwell method
Initial orbital lculati
calculation . - .
altitude/km . Only nonspherical Only atmospheric Only sunlight
Non perturbations/km
method/km P perturbation/km perturbation/km pressure/km
300 70.1 69.9 69.9 64.9 69.9
500 73.2 73.1 73.1 72.9 73.1
800 78.1 78.0 78.0 78.0 78.0
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(a) Without perturbation (b) Only considering non—spherical

perturbation

(c) Only considering atmospheric (d) Only considering solar

perturbation pressure perturbation

P 2 BT B 2 300 km IR G2 K Al AR A 1 il
Fig.2 Change of semi—length axis at 300 km orbital height
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Fig.3 Change of semi—length axis at 500 km orbital height
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Fig.4 Change of semi—length axis at 800 km orbital height
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Tab.2 Semi—major axis variation calculated by simplified method and Corwell method for orbit reducing

Corwell method

Initial orbital f;:ﬂ;zzi . : :
s O o OMITI o o
300 ~68.3 ~68.8 ~68.8 ~o4.1 ~68.8
500 -71.3 ~72.0 ~72.0 ~72.3 ~72.0
800 ~76.0 ~76.7 ~76.7 ~76.7 ~76.7
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