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Research on de-orbiting model of small scale space debris removal

using space—based laser

Wen Quan, Yang Liwei, Zhao Shanghong, Fang Yingwu, Wang Yi, Ding Xifeng, Lin Tao
(Information and Navigation College, Air Force Engineering University, Xi’an 710077, China)

Abstract: Two typical materials of small scale space debris in LEO were selected. On this basis,
corresponding laser ablation impulse coupling models were established respectively. The velocity variation
of the space debris irradiated by high —power pulsed laser was analyzed, and the orbit transfer of the
small scale space debris irradiated by laser was modeled and investigated. The variations of the orbital
parameters of the space debris orbit under the irradiation of laser with assumed power were simulated and
analyzed, and the influence rules of the spinning angular velocity and laser with different power on debris
removal efficiency were analyzed and discussed. The simulation results show that the space-—based laser
of assumed power can complete the mission of removing two typical materials of debris successfully by
irradiating in one cycle of flight, which provides necessary theoretical basis for the application of space
debris removal by using space—based laser.
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Tab.1 Laser parameters

Parameters Value
Maximum operating range/km 200
Laser wavelength/pum 1.06
Pulse width/ns 100
Beam quality factor 2.0
Efficiency factor/% 30
Laser spot radius/cm 31
Laser pulse energy/kJ 1
Power density/W - cm™ 10°
Laser repetition rate/Hz 20
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Tab.2 Space debris physical parameters

Space debris description Plate
Areal mass density/kg - m™ 10

Mass/kg 0.75

Angular velocity/rad - s™ 2.5

Impulse coupling coefficient/pNs-J™"  14(Aluminum) 20(Carbon)
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