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Experimental study on propulsive performance of typical

metal ablated by nanosecond pulse width laser

Li Mingyu, Ye Jifei", Yu Chenghao, Yang Qinglin, Kong Hongjie

(State Key Laboratory of Laser Propulsion & Application, Department of Aerospace Science and Technology,
Space Engineering University, Beijing 101416, China)

Abstract: In order to study the laser ablation propulsion performance of different metal materials, an Nd:YAG
laser with a wavelength of 1064 nm and a pulse width of 8 ns was used to ablate seven common metal materials:
Al, Fe, Ni, Cu, Y, Ag and Au in the atmosphere. Propulsion performance parameters such as ablation mass,
impulse, impulse coupling coefficient, specific impulse and energy conversion efficiency were measured, and the
influence law of laser power density on propulsion performance was obtained. The experimental results show that
under the same laser power density, the ablation amount of Fe is the largest, the ablation amount of Y is the
smallest. The impulse of Al, Au and Cu is larger, while that of Ag is the least. Au's impulse coupling coefficient
and specific impulse mean value are the largest among the seven metals, reaching the maximum value of
40.7 uN/W and 500 s when the laser power density is 1.72x 10'® W/cm? and 2.98 X 10" W/cm?, respectively.
The average energy conversion efficiency can reach 6%.
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Tab.1 Melting boiling point and the first ionization

energy of seven metal materials

Metal Mfalting quling First ionizatior} energy/
point/°C point/°C kJ-mol ™
Fe 1535 2750 762.5
Al 660 2500 571.5
Cu 1083 2580 745.5
Ni 1453 2732 737.1
Au 1062 2966 890.1
Ag 961 2210 731.0
Y 1522 3338 600.0
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Tab.2 Resistivity of seven metal materials (Unit: 10® Q-m, 20 °C)

Metal Fe Al Cu

Ni Au Ag Y

Resistivity 9.7 2.7 1.7
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Tab.3 Average monopulse ablation mass (pg)and impulse (uN-s)
Metal Al Fe Ni Cu Y Ag Au
Am 0.7 1.6 0.5 13 0.2 0.7 04
1 2.5 2.5 2.5 2.8 1.8 1.2 2.7
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