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ABSTRACT

With the advancement in technology, miniaturization, integration, and weight reduction of satellite
components have become possible. In this regard, existing medium and large satellites have been
replaced by small satellites. As the demand for small satellites increases, the need for micro-thrusters has
emerged for precise attitude and position control. A laser ablation micro-thruster, which generates thrust
by using ablation jets that offer a wide range of thrusts and low-impulse thrusts, is considered as an
alternative for micro-thrusters in small satellites. The objective of the present study is to introduce

configurations of the laser ablation micro-thruster and its research trend.
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Table 1. Classification of satellite with respect to

mass.

Class Mass (kg)
Large satellite > 1000
Medium satellite 500-1000
Mini satellite 100-500
Micro satellite 10-100
Nano satellite 1-10
Pico satellite 0.1-1
Femto satellite <01
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Table 3. Performance of laser ablation micro-thruster{16].

Parameter Value
Table 2. Satellites launched after 2010[9]. Thrust-to-mass ratio | High (15 N/kg)
Name Year l\/ll(ass Propulsion Thrust Scales linearly with laser power
(kg) Thrust density High (8E5 N/m2)

COMS 2010 | 2,460 | Bipropellant thruster Electrical efficiency | Very high
KOREASAT-6 | 2010 | 2,622 | Bipropellant thruster Low to Very high (200 < _ <
KOMPSAT-3 |2012| 980 |Monopropellant thruster Specific impulse 3100s) bp
STSAT-2C 2013 93 |N/A Main benefi High electrical efficiency, and
KOMPSAT-5 | 2013 | 1,400 | Monopropellant thruster ain benefit high 7,
STSAT-3 2013 | 150 |Hall thruster 40-60% laser electrical efficiency
KOMPSAT Main limitation at more than newton-level
3A 2015 | 1100 | Monopropellant thruster thrust not yet demonstrated
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Table 4. Predicted performance of prototype [18].

Thrust level

Table 5. Summary of solid ablation material data[16,21,22].

100 uN-10 mN Ablation Cp Iy Fluence Pulse
Laser average Power |45 mW-4.54 W material (N/MW) (s) (/em®) | duration
Laser repetition 1.89-4.54 Hz Au [16] 53 3660 64 5ns
frequency Au [21] 28 506 20.3 500 ps
Electrlcal average 20-183 W Au [21] 27 66 18.9 10 ps
power input
Al [22] 111 1120 34.6 5ns
System Cp, 50-550 uN/W
Al [21] 29 1017 26.0 500 ps
Tape coating material | GAP:Cnanopearls
Al [21] 40 131 16.0 10 ps
Ablatable mass 44 grams
5 GAP:C [16] 3047 137 127 2ms
Tvpe of laser JDSU 6390 (915 nm, 5W diode
yP Jaser) GAP:dye[16]| 1050 | 218 753 2ms
Laser peak power |8 W GLYN:C[16] | 1280 | 116 127 2ms
Laser pulse duration |1.5ms PVC.C16] 35 1530 5840 1ms
Specific impulse 250 s
Number of lasers 6 FAAZE= Al Au, Cu 59 EZo] AAHTH16,
Volume 667 cm’ 21-23]. AP FJF FAAE Ahvh ool T E=
Mass 054 kg 39 Wl o3 SUAl o4 AU thn) &
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£ ¢t43 Al7lEd 2 83% TEC (Thermoelectric
Cooler)dl] &HI == Mo o) W2 &85 Hol 33 %87 1=
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050N ~ 5 N9 53 W9, 0455 kgel A28 & A A} o)Al el FAAE A& How
2oA7H 8 58 ol 4 ik ATH19]. Aol Adont DAY FAAE AL B
o)z, 22, Uxad P 2719 QA Y FUAS
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Fig. 2 Mechanism of fuel tape and tube type; Left:
tape type, Right: tube type[17,24].

Fig. 3 Laboratory test model and interior view of the
prototype[18].
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Fig. 6 Overview of laser ablation propulsion research
strategy[25].
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