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Fig.1 Schematic of helicon plasma thruster.
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Table1 List of permanent magnets.

Shape Size [mm] Magnetization Quantity
Cylinder ~ ¢49.5x40 Axial 1

Cubic 15x10x30  Perpendicular 16

Cubic 3x5x10 Perpendicular 46

Magnet Yoke | | Discharge Chamber

Fig. 3 Thruster components (a) constructed magnetic circuit,
(b) cut model of permanent magnet type RF plasma thruster.
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Fig. 4 Axial magnetic flux density distribution at r =0 mm.
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Fig.5 Experimental facilities.
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Fig.6 Calibration systems.
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Fig. 7 Thrust stand sensitivity.
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Table2 Experimental Condition.

Vacuum pressure 1.6x10"Pa
Ar gas mass flow rate 1.0 mg/s

RF frequency for plasma production 27.12 MHz
RF Power for plasma production 100 ~ 400 W
RF power input duration 30s
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Fig.8 Thruster in operation at 100 W, 27.12 MHz, 1.0 mg/s
(a) front view, (b) side view.
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Fig. 9 Electromagnetic thrust force.
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Fig. 10 Modified thruster in operation at 27.12 MHz, 1.0 mg/s,
(a) 100 W, (b) 200 W.

5. E@RBIOSBOTE

AWIT T, ~VarF IR A7 2% OEi bz B
LT, BHRBEDRSR S AVef> RF 77 X< AT
AZDRRFEEAT Tz, FIHRROKARA L, MfFERICALE
LTl & A E D Z Lick v, Bkl
WEEN 02 T 2B DBIR ) AVOERITES L=, A
FARNAZ Y RICE BHEIIOFAIERR LY, BRHE I3
7% 110 pN (1.0 mgls, 27.12 MHz, 300 W) & 720, fhoRE /
ANAIRF 75 X AT AZZHEARTRUVME & 72> TV 5D,
PEREM] LD 7= DITIERBE /e~ 27T A DA,
BTHDH1-0, RFAAERMEERIROTHEAIT,
TEIRREDUGEEI T~ T2, BfEL, RF 7 V7 OB
BEARATAZTINCBEIL, 77 A<ARKIZL Y K& RF
B K LIKW) Z2BATHZ LIk~ T, ~Varrg
Rz ~DIRET— ROBR & Z U D BRHES ) D287
FHADHERE TETWA.

St%, BEHTEIR RESESREE, B RVOFHUE, WA
AT DORE) |, EEBIK (WL BATE D) |, il
Sl (HEEAN R, 7T R~ ERH RF 23T —) 2SHEEMERE
252 D% ET 5.

AT B4 FEIFFT(S)21226019 OHEBhIZ X
DpEnE L.

%

BEIHR

1) Shinohara, S., Hada, T., Motomura, T., Tanaka, K,
Tanikawa, T., et al.: Development of High-density Helicon
Plasma Sources and Their Applications, Phys. Plasmas, 16
(2009), 057104.

2) Squire, J. P, Cassady, L. D., Chang Diaz, F. R., Carter, M.
D., Glover, T. G,, et al.: Superconducting 200 kW VASIMR
Experiment and Integrated Testing, 31st Int. Electric Propul.
Conf., IEPC-2009-209, 2009.

3) Cassady, L. D., Longmier, B. W, Olsen, C. S., Ballenger, M.
G., McCaskill, G. E., et al.: VASIMR® Performance Results,
46th  AIAAJASME/SAE/ASEE Joint Propul. Conf. &
Exhibit, AIAA-2010-6772, 2010.

4)  Squire, J.P, Olsen, C. S., Franklin. R., Diaz, C.,Cassedy, L.
D., et al.: VASIMR® VX-200 Operation at 200kW and
Plume Measurement: Future Plans and ISS EP Test Platform,
IEPC-2011-154, 32nd Int. Electric Propul. Conf., 2011.

5)

6)

7)

8)

10)

11)

12)

13)

14)

15)

16)

17)

18)

West, M. D., Charles C. and Boswell, R. W.: Testing a
Helicon Double Layer Thruster Immersed in a
Space-simulation Chamber, J. Propul. Power, 24 (2003), pp.
134-141.

Charles, C., Alexander, P, Costa, C. Sutherland, O.,
Boswell, R. W,, et al.: Helicon Double Layer Thrusters, 29th
Int. Electric Propul. Conf., IECP-2005-290, 2005.

Musso, 1., Manente, M., Carlsson, J., Giacomuzzo, C.,
Pavarin, D., et al.: 2D OOPIC Simulations of the Helicon
Double Layer, 30th Int. Electric Propul. Conf,
IEPC-2007-146, 2007.

Batishchev, O. V.: Minihelicon Plasma Thruster, IEEE Trans.
Plasma Sci., 10 (2009), 1563.

Toki, K., Shinohara, S., Tanikawa, T., Funaki, I. and
Shamrai, K. P.: Preliminary Investigation of Helicon Plasma
Source for Electric Propulsion Applications, 28th Int.
Electric Propul. Conf., IEPC 03-0168, 2003.

Fruchtman, A.: Electric Field in a Double Layer and the
Imparted Momentum, Phys. Rev. Lett., 96 (2006), 065002.
Ahedo, E. and Merino, M.: Two-dimensional Supersonic
Plasma Acceleration in a Magnetic Nozzle,” Phys. Plasmas,
17 (2010), 073501.

Takahashi, K., Lafleur, T., Charles, C., Alexander, P,
Boswell, R. W, et al.: Direct Thrust Measurement of a
Permanent Magnet Helicon Double Layer Thruster, Appl.
Phys. Lett., 98 (2011), 141503.

Takahashi, K., Lafleur, T., Charles, C., Alexander, P. and
Boswell, R. W.: Electron Diamagnetic Effect on Axial Force
in an Expanding Plasma: Experiments and Theory, Phys.
Rev. Lett., 107 (2011), 235001.

Charles, C., Takahashi, K. and Boswell, R. B.: Axial force
imparted by a conical radiofrequency magneto-plasma
thruster, Appl. Phys. Lett., 100 (2012), 113504.

Takahashi, K., Charles, C. and Boswell, R. W.: Approaching
the Theoretical Limit of Diamagnetic-Induced Momentum
in a Rapidly Diverging Magnetic Nozzle, Phys. Rev. Lett.,
110 (2013), 195003.

Nakamura, T., Takahashi, K., Nishida, H., Shinohara, S.,
Matsuoka, T., et al.: Direct Measurement of Electromagnetic
Thrust of Electrodeless Helicon Plasma Thruster Using
Magnetic Nozzle, World Acad. Sci. Eng. Tech., 71 (2012),
pp. 797-801.

Takahashi, K., Nakamura, T., Nishida, H., Shinohara, S.,
Matsuoka, T., et al.: Study on Direct Measurement of
Electromagnetic Thrust in Electrodeless Helicon Plasma
Thruster, 13th Int. Space Conf. Pacific-basin Societies, AAS
12-520, 2012.

Matsuoka, T., Funaki, I., Satoh, S., Fujino, T., lwabuchi, S.,
et al.. Laboratory Model Development of Lissajous
Acceleration for Electrodeless Helicon Plasma Thruster,
48th  AIAA/ASME/SAE/ASEE  Joint  Propul. Conf.
&Exhibit, AIAA-2012-3956, 2012.

This document is provided by JAXA.





