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Probe measurement of exaust plume by Rectangular Laser-Assisted Pulsed Plasma Thruster.
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(Tokai University)

Abstract

In this study, we perform fundamental researches of laser-assisted pulsed plasma thruster used plasma generation by the laser

ablation. We observed behavior of the plasma using ICCD camera and measured ion current by Faraday cup. As the result, the
airspeed of the plasma calculate by Faraday cup was 134km/s when charge voltage 1,000 V charged in a condenser and irradiate

laser energy 190 mJ and it was 216 km/s when 2000 V.
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Fig. 1 Diagrammatical view of propulsion system
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Fig. 2 Rectangular Pulsed Plasma Thruster
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Table. 1 Size of Pulsed Plasma Thruster

5 155[mm]
T ¥ FVE 50[mm]
F ¥ RNVIE 20]mm]
A ) PR 15[mm]
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Fig. 3 Diagrammatical view of the plasma behavior
observation
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Fig. 4 Schematic of ion current measurement

system with Faraday cup
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Fig. 5 Photography of the plasma behavior (Voltage : 500 [V])
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Fig. 6 Photography of the plasma behavior (Voltage : 1500[V])
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Fig. 7 Electric discharge current waveform
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Fig. 8 lon current waveform (Charged Voltage: 0~ 300 [V])

0 4 8  Timefus] 12 16 20

9 A A EFEE (500 [V]~ 1000 [V])
Fig. 9 lon current waveform (500 [V]~ 1000 [V])
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Fig. 11 lon current waveform as the laser energy changed
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Fig. 12 lon current waveform as the laser energy changed
(Charged Voltage:1000 [V])
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Fig. 13 Quantity of Plasma as the laser energy and charged
Volatage changed

300
- \ + 190 [mJ]
@ 250 m 433 [mJ]
T » 606 [m)]
=200
Z
8150 A
2
2100 m [ . . A
20 * m v »

s .
c 50
2
0
0 500 1000 1500 2000 2500
Charged Voltage [V]
X 14 A 2 S by A o B
Fig. 14 lon mean distribution rate
250
200
3
E
=150 -
_E .
- .
§100
(4
8
50 *
0
(1] 500 1000 1500 2000 2500

Charged Voltage [V]

15 ¥ A AU RATIEE (L —Y =31 190 [mJ])

Fig. 15 Mean lon Flight velocity (Laser Energy: 190 [mJ])

5/6

This document is provided by JAXA




J£ 0 V O 50 km/s, 1000V DFF 134 km/s, 2000 V DHF
216 km/s & 72 ) EEBGINT AR A A 2 TRATIHEE & 3
MLTWD Z &b, FEEE S RATHEIFARBIFR A
BB ENHEND BT

4. FLHLEEZEDOTE

AEDOFEBRIZEWNT, ICCD I AT EZHW-TTF X<
FEEOBEN SBIZROE 2B L, Bzt
TTHECH VLY ho— RERKT D Z LRI
7.

S1%1T ICCD I A Z DR E LY LIF TR 21TV, 26
LOFERMNS G L0 EM/RA A RATHEEABEH L, 7
77T —hy I L VRO L T FETH
5.

£, 77y 77— Wy T ERWEA G U ERRHIEIT
STAER, =R AFROREELEIN DA A
VERBEOEMEMR L., NIV EAZRALENT
T AR E ERBEBRICH D VWD, EAEEE
DIEIZ L > TA AV BFROE— 7 BIENEDL S5, 1000
VLD 2 BE— 71280 I b —F = 3L O EN
BmFHFELTWA EEZIND. RIS, 7777 —Hh v/
DEBRFERINOA F U RATHE 2 RD T2, FEHHMHIET
aiwovﬁﬁf%kﬁ&%ﬁ@,u%m%ﬁ%ﬁﬁ<@
A=A LT BN H

—J7, 2 MO — 7ﬁﬂ%kthﬂLﬁfiﬁ

BT EMHBEARI RSN, ZoZ kv —L Yy
TORBIILMMEE L TRELTWALEZLND.

ST T FIT =y T ORBEEEZTEY EMHS
HEZAHLTW TETHS.

BE W

1. Myers, R.M., et al., “Small Satellite Propulsion Options,”
AIAA Paper 94-2997, June 1994.

2. Mueller, J., Thruster Options for Microspacecraft: A
Review and Evaluation of Existing Hardware and
Emerging Technologies, AIAA Paper 97-3058, July 1997.

3. Leifer, S., Overview of NASA’s Advanced Propulsion
Concepts Activities, AIAA Paper 98-3183, July 1998.

4. Micci, M. M., and Ketsdever, A. D. (ed.);
Micropropulsion for Small Spacecraft (Prog. Astronautics
and Aeronautics 187), American Institute of Aeronautics
and Astronautics, 2000.

5. Phipps, C., and Luke, J., “Diode Laser-Driven
Microthrusters, A New Departure for Micropropulsion”,
AIAA Journal, Vol.40, No.2, 2002, pp.310-318.

6. Gonzales, D., and Baker, R., “Micropropulsion using a
Nd:YAG Microchip Laser, Proceedings of SPIE Vol.4760,
pp.752 — 765, 2002.

7. Pakhomov, A.V., et al., Specific Impulse Study of
Ablative Laser Propulsion, AIAA Paper 2001-3663, 2001.

8. Horisawa, H., et al., Fundamental Study on Laser Plasma
Accelerator for Propulsion Applications, Vacuum, Vol.65
(No.3-4), pp.389-396, 2002.

9. Hideyuki Horisawa, et al., Laser-assisted pulsed plasma
thruster for space propulsion applications, Applied Physics
A, Materials Science & Processing, Vol.81, pp.303 — 310,
2005.

10. Horisawa, H., et al., Laser-Electric Hybrid Acceleration
System for Space Propulsion Applications, The Review of
Laser Engineering, Vol.34, No.6, pp.435- 441, June
2006.6.

11. Tomohisa Ono, et al., Measurement of ion acceleration
characteristics of a laser-electrostatic hybrid microthruster
for space propulsion applications, Vacuum, Volume 83
(1), 2008, pp.213-216.

12. Jahn, R.G., Physics of Electric Propulsion: McGraw-
Hill, 1968, pp.198-316.

13. Burton, R. L., and Turchi, P. J., J. Propulsion and Power
14, pp.716-699 (1998).

14. Kawakami, M., et al., AIAA Paper 2003-5028 (2003).

15. Kawakami, M., et al., Proc. Asian Joint Conf. on
Propulsion and Power 2004, pp.419 — 424 (2004).

6.6

This document is provided by JAXA





