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We are conducting in-space remote impulse measurements with various materials and their conditions and
laser pulse conditions. The figure suggests that there are two independent control parameters to characterize
the impulse performance.

Impulse [uNs]

Fluence [J/em2] Energy [mJ]
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Laser Propulsion: Cheap & Fast Solution
for Remote Impulse Generation

Launch by laser power Space debris deorbit
In gas-filled tube

<> W,

Ablator on tube wall Detumbling

Impulse Generation by Laser-Pulse

Ablation with Inﬂuentlal Parameters
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Satellite Detumbling
-Our Demonstration-

w/ laser pulses w/o laser pulse

Ambient pressure = 1 X102 Pa, — Withablaion
— without ablation

Ablator: POM, 20
Moment of inertia=1.22 X 10 kgm?
TEA CO2 Laser

-wavelength =10.6 mm

-pulse duration = 140 ns 5
-pulse energy = 5.3 J/pulse

 [rad/sec]

— Laser pulse

-10 0 10 20 30 40 5 50
t [sec]

Lasers for Investigation

Nd:YAG TEA CO, Nd:YLF Nd:YVO, (Nd:YAG)

Manufacturer Litron SLCR- Edgewave Edgewave QUANTA
Lasertechnik system

Wavelength, nm 532 10600 1047 1064 1064
1064

Max. Pulse Energy, 150 19000 12 7 450

mJ 95(250)

Pulsewidth, nsec 10 140 5-15 5-15 7

Beam Diameter, 5 55 3 25

mm

Max. Repetition 1 50 10000 100000 1

Rate, Hz
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Vacuum Chambers

Diameter : 0.7m
Length : 2.2m
Pressure : 102Pa

TMP exhaust ability : 20001/s

Diameter : 2m

Length : 4m

Pressure : 103Pa

TMP exhaust ability : 32001/s

Time-Resolved Ablation Thrust
Measurement Using VISAR

P, [il [ii] [iii] [iv] [v]

40kPa

I [Pa-s]

500Pa

10Pa

t [ns]

Ablator : Aluminum (K. Anju et al. J. Propulsion & Power, 2008)

Laser : Nd:YAG
Fluence : 14.5 J/cm?

This document is provided by JAXA.



342 AT AT SR B S PR AR R EEE JAXA-SP-16-011
[ ]
Torsion-Type Impulse Stand
1000mm ”
Target Differential
i transformer
Aluminum : @ i
plate i
Nd magnet I_ / 4
Magnetlc —L laser pulse
damper
Displacement of impulse stand % Impulse calibration
04 —7——T— T 5500 e RS B—
‘ S —
\ 2400 L y=1.8831x |
02} i Aexpi-c(t—1, )} =
f— | ~
2 ‘h.gj 3300 |- 4
= 0 e =)
g v,,y* 200 | -
5 ’ —Fitting g
-0.2F s it & - glOO i |
/ 2
04 L 1 1 1 1 2 0 ] ] 1 1
210 0 10 20 30 40 50 = 0 50 100 150 200 250
Time [s] g Pendulum Displacement [um]  °
[ [
Impulse by Repetitive Laser Pulses
Nd:YLF laser
Wavelength: 1047 nm L :
pveeng o -] Repetitive-pulse impulse
Repetition frequency: <10 kHz performance
Pulse energy: <40 mJ Mirrors for 250

Power (). potal pulse number: N,

=== height adjustment

Energy monitoring - Lens (f=150mm)

Aluminum
(A1050)

(0.02 Pa)

Differential
transformer

[ |

Pulqe number within a burst: Nb 1
0 10 20 30 40
l m ”H ‘ Total pulse energy [J]
Repetitive frequency : 1 kHz

Integrated impulse [pNs]

” " ’\ Pulse energy: Ep [mJ] (H. Tsuruta et al. J. Propulsion & Power, 2014)
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C,, Dependence on Effective Fluence ¢,

Example of crater profile cross-section,

343

N, =100, ¢, =25 J/cm?.
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Summary

We have facilities for experimentally evaluation
of laser pulse ablation impulse, which should be

applied to in-space motion control of debris.
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