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Abstract

The effect of RF plasma source input power on ion production and electrostatic acceleration characteristics of Helicon Electrostatic
Thruster (HEST) in which has a RF discharge plasma source in upstream and an accelerating part consisting a ring anode and a
downstream hollow cathode is investigated. A diverging magnetic field is applied in the RF plasma source and the accelerating part.
The effectiveness of RF plasma source input power depends on working gas flow rate. With small flow rate (0.5Aeq) of argon operation,
increasing RF power enhances working gas ionization and acceleration performance, 93% of supplied working gas was ionized and
electrostatically accelerated up to 88% of discharge voltage through an axial electric field from the end of the diverging magnetic field
by inputting 1.5 kW of RF power. On the other hand, with suppling large flow rage (1.0Aeq), part of inputting power is consumed to
making low energy doubly charged argon ion and contribution for increasing ion energy is limited to, ion energy is up to 74% of
discharge voltage with 1.5 kW of RF power. Thrust efficiency depends on the working gas ionization rate and its effective ionization
cost. Therefore, thrust efficiency can be optimized by matching the input powers between RF plasma source and accelerating part.
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Fig. 1. Schematics of Helicon Electrostatic Thruster (HEST)
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Fig. 2. O vs. ji, and Ei, /1 = 1.0 Aeq, J2 = 0.36 Aeq, Va = 300 V, Ps
=300W
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Fig. 5. Ps dependence with J1 = 0.5 Aeg, .2 = 0.36 Aeq, Va =300 V

(@) Psvs. Ji, (b) Ps vs Ei.
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Fig. 8. Ps dependence with J1 = 1.0 Aeq, J> = 0.36 Aeq, Va = 300 V

(@) Psvs. Ji, (b) Ps vs Ei.
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Fig. 11. Thrust efficiency vs. power ratio, /1 = 0.5 Aeq, J> = 0.36
Aeq, Va=300V, Ps=0-1500 W.

This document is provided by JAXA.



5 #&

LRI T T X~ R AT D 2 BeEREINER HEST (2
BLT, 7T X~RA~DOBNENA A > DR OIS
PEIC RINET B A4 LT, 7T X< EA~OUIEVER) 2 5]
B2 0.5Aeq DL, 7T A~IRICIIT HIEEH A DFEREH
A F DR - IEEEICKRE S FS L, HBEHT 2D
93%IZFEY T2 A A o & FEIEG LI 2> & D 5 ) FE
FUZ L o THEBE D 88%IZHHY T 5 = kL ¥ —F THl
IET D Z LIS Lz, — 5 77 A= ~DO a1
AR 1.0Aeq DS, 7T A=A~ NE ST

1 D.Y.Oh,J.S. Snyder, D. M. Goebel, R. R. Hofer, and T. M.
Randolph, “Solar electric propulsion for Discovery-class
missions,” J. Spacecraft Rockets 51, 1822-1835 (2014).

2 Alexey Lazurenko, Vanessa Vial, Andre Bouchoule, Alexandre
Skrylnikov, Vyacheslav Kozlov, and Vladimir Kim, “Dual-Mode
Operation of Stationary Plasma Thrusters,” J. Propul. Power 22,
38-47 (2006).

3 J. Snyder, D. M. Goebel, R. R. Hofer, J. E. Polk, N. C. Wallace,
and H. Simpson, “Performance evaluation of the T6 ion engine,”
J. Propul. Power 28, 371-379 (2012).

4 C.D. Child, “Discharge from hot CaO.,” Phys. Rev. 32, 492-
511 (1911).

5 Irving Langmuir, “The effect of space charge and initial
velocities on the potential distribution and thermionic current
between parallel plane electrodes,” Phys. Rev. 21, 419-435
(1923).

6 D. M. Goebel and I. Katz, Fundamentals of Electric Propulsion:
lon and Hall Thrusters (John Wiley & Sons, 2008), pp. 429-446.
" N. Koch, H. P. Harmann, and G. Kornfeld, “Development and
test status of the THALES high efficiency multistage plasma
(HEMP) thruster family,” in Proceedings of the 29th International
Electric Propulsion Conference, Princeton, USA (2005), IEPC
Paper No. 2005-297.

8 Gerd Kriille, Monika Auweter-Kurtz, and Akihiro Sasoh,
“Technology and Application Aspects of Applied Field
Magnetoplasmadynamic Propulsion,” J. Propul. Power 14, 754-
763 (1998).

9 Richard R. Hofer, Peter Y. Peterson, and Alec D. Gallimore, “A
High Specific Impulse Two-Stage Hall Thruster with Plasma Lens
Focusing,” in Proceedings of the 27th International Electric
Propulsion Conference, Pasadena, USA (2001), IEPC Paper No.
2001-036.

10 Grishin, S. D., Erofeev V. D., Zharinov A. V., Naumkin V. P.,
and Safronov I. N., “Characteristics of a two-stage ion accelerator
with an anode layer,” J. Appl. Mech. Tech. Phys. 19, 166-173
(1978).

11 Xu Zhang, Hong Li, Ligiu Wei, Yongjie Ding, Zhongxi Ning,
and Daren Yu, “Effect of double-stage discharge on the
performance of a multi-mode Hall thruster,” Vacuum 131, 312-
318 (2016).

12 E. Ahedo, and F. I. Parra, “A model of the two-stage Hall
thruster discharge,” J. Appl. Phys. 98, 023303 (2005).

13 Shaowei Qing, Peng E, Guangging Xia, Ming-Chun Tang, and
Ping Duan, “Optimized electrode placement along the channel of
a Hall thruster for ion focusing,” J. Appl. Phys. 115, 033301
(2014).

14 Adam Shabshelowitz, and Alec D. Gallimore, “Performance of
a Helicon Hall Thruster Operating with Xenon, Argon, and

TR =2{MiA A2 DERIZ DN LA A D —2A
T RF —IHEETE D 60%IRE THEITH L o7
HEBEFICT DA A BROKIXEE, #ABINED
P—ETHDHZ LMD, I ARFEROIEE~DE %,
A A DEREZDED AR T A N E TREIND K
RSy CTHRAT D 2 & THE ISR IT R L RTRE TH D 2 &
Woyaolz. 2 BeEBIERIC BT 5, BBE~DRIEE IR
FIFEHELOMBIRY ZhE TRHETH Y AZEICBWY
THIDTH LN T,

2 F XK

Nitrogen,” J. Propul. Power 30, 664-671 (2014).

15 S, Harada, T. Baba, A. Uchigashima, S. Yokota, A. Iwakawa,
A. Sasoh, T. Yamazaki, and H. Shimizu, “Electrostatic
acceleration of helicon plasma using a cusped magnetic field,”
Appl. Phys. Lett. 105, 194101 (2014).

16 A, Uchigashima, T. Baba, D. Ichihara, A. lwakawa, A. Sasoh,
T. Yamazaki, S. Harada, M. Sasahara, and T. Iwasaki, “Anode
geometry effects on ion beam energy performance in helicon
electrostatic thruster,” IEEE. Trans. Plasma Sci. 44, 306-313
(2016).

17 J. A. Simpson, “Design of retarding field energy analyzers,”
Rev. Sci. Instrum. 32, 1283-1293 (1961).

18 M. L. R. Walker, R. R. Hofer and A. D. Gallimore, “Ion
Collection in Hall Thruster Plumes,” J. Propul. Power 22, 205-209
(2006).

19 Alec D. Gallimore, “Near- and Far-Field Characterization of
Stationary Plasma Thruster Plumes,” J. Spacecraft Rockets 38,
441-453 (2001).

20 Rohit Shastry, Richard R. Hofer, Bryan M. Reid, and Alec D.
Gallimore, “Method for analyzing ExB probe spectra from Hall
thruster plumes,” Rev. Sci. Instrum. 80, 063502 (2009).

21 D. Renaud, D. Gerst, S. Mazouffre, and A. Aanesland, “ExB
probe measurements in molecular and electronegative plasmas,”
Rev. Sci. Instrum. 86, 123507 (2015).

22 ], P. Sheehan and N. Hershkowitz, “Emissive probes,” Plasma
Sources Sci. Technol. 29, 063001 (2011).

2 Richard R. Hofer, and Alec D. Gallimore, “High-Specific
Impulse Hall Thrusters, Part 2: Efficiency Analysis,” J. Propul.
Power 22, 732-740 (2006).

24 James M. Haas, and Alec D. Gallimore, “Considerations on the
Role of the Hall Current in a Laboratory-Model Thruster,” IEEE
T. Plasma Sci. 30, 687-697 (2002).

%5 Sumio Ashida, C. Lee, and M. A. Lieberman, “Spatially
averaged (global) model of time modulated high density argon
plasmas,” J. Vac. Sci. Technol. A 13, 2498-2507 (1995).

% Sang-Wook Kim, and Alec D. Gallimore, “Plume Study of a
1.35-kW SPT-100 Using an ExB probe,” J. Spacecraft Rockets
39, 904-909 (2002).

27 Ira Katz, Richard R. Hofer, and Dan M, Goebel, “lon Current
in Hall Thrusters,” IEEE T. Plasma Sci. 36, 2015-2024 (2008).
28 Youbong Lim, Holak Kim, Wonho Ghoe, Seung Hun Lee,
Jongho Seon, and Hae June Lee, “Observation of a high-energy
tail in ion energy distribution in the cylindrical Hall thruster
plasma,” Phys. Plasmas 21, 103502 (2014).

2 Yoshiki Yamagiwa and Kyoichi Kuriki, “Performance of
Double-Stage-Discharge Hall Ion Thruster,” J. Propul. Power 7,
65-70(1991).

This document is provided by JAXA.





