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Performance Evaluation of Throttleable 0.1 N-Class Solid Propellant Microthruster by Laser Heating
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Abstract: This paper describes a solid propellant microthruster that is throttleable by laser heating. Conventional solid
propellant thrusters require neither tank nor valve, and accordingly have high reliability and simple structures. Nevertheless,
the thrusters have not been applied to attitude or station keeping for satellites because they have difficulty in throttling
including start and interrupt of thrust production. Hence, we proposed a new throttleable solid propellant microthruster using
laser heating. The proposed thruster has combustion-controllable HTPB/AP-based composite solid propellant, combustion
of which is maintained only while burning surface is heated with a semiconductor laser. Hence, combustion is started and
interrupted by switching laser heating. In our previous study, a prototyped microthruster successfully started and interrupted
thrust production by switching laser, and yielded stable thrusts and combustion chamber pressures with an average thrust,
and lsp efficiency of 0.02 N, and 46.6 %. On the other hand, firing tests showed ignition delay of approximately 3 s. In this
paper, to shorten ignition delay, diameter of carbon black (C) that was used to effectively absorb laser beam was varied from
20 to 50 pum. Thrust measurement showed that the prototyped microthruster using 20-um diameter C successfully yields
average thrust 0.07 N, Isp efficiency of 56.7 %, and ignition delay of 1.6 s.
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Fig. 1. Prototyped 0.1 N class microthruster.
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Fig. 2. Laser power profile.
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Fig. 3. Schematic of vacuum chamber with thrust stand.
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Fig. 5. Time history of thrust and combustion chamber pressure for

50-um diameter C at laser head traverse velocity of 1.1 mm/s.

Fig. 6. Time history of thrust and combustion chamber pressure for
20-um diameter C at laser head traverse velocity of 1.35 mm/s.

Table 1. Stability in thrust production.
Laser head traverse velocity v, mm/s
C diam. &78;5 10 105 11 115 12 125 13 135 14 145 15
50 um A O O O O X — — — — — —
20 um AN AN O O A A O O O O O O

O: Stable thrust production, A: Unstable thrust production, X : Not ignited
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Fig. 7. Dependence of specific impulse on laser head traverse velocity.
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Fig. 8. Dependence of ignition delay time on laser head traverse velocity.
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Fig. 9. Solid propellant temperature profile for 20-um diameter C at t =
0.5 s, and back pressure of 1 kPa.
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Fig. 10. Temperature profile of solid propellant along x axis for 20-um
diameter C att = 0.5 s, and back pressure of 1 kPa.
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