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Orbit Transfer Vehicle for SPS Construction 

By 

Susumu Sasaki* 
 
 
 
 

 

Abstract  Solar Power Satellite (SPS) will be a large-scale clean energy system to resolve the 

“global energy and environmental problems”, by replacing the fossil energy plants in the future. This 

report describes the performance and cost target for the orbit transfer vehicle required for SPS 

construction based on the latest SPS model. 

 

Key words Solar power satellite, Orbit transfer vehicle 
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* 

20-cm Diameter Microwave Discharge Ion Engine 
By 

Kazutaka NISHIYAMA* 
 
 
 
 

Abstract: In order to advance the technology of electron cyclotron resonance (ECR) microwave 
discharge ion thrusters known as the “ (mu)” family, we have been developing a 20-cm 
diameter thruster 20 after successful development and flight experiences of an asteroid 
explorer “Hayabusa” employing four 10-cm diameter thrusters 10. In contrast to the 10 
whose ion beam current was saturated to 150 mA at higher microwave powers than 30 W, the 
20 can generate 500 mA ion beam current with 100 W microwave power and 1100 – 1300 V 

acceleration voltage, yielding beam ion production cost (discharge power per unit beam 
current) of 200 W/A and thrust of 27 mN thanks to enlargement of the discharge chamber 
and moderate plasma density below cutoff. The 20 will be applied to deep space missions 
with larger delta-v and more massive spacecraft than Hayabusa. 

  
Key words Microwave Discharge, Electron Cyclotron Resonance, Ion  Engine 
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12cm Kaufman Type Ion Engine and High Power Hall Thruster 
By

Toshiyuki OZAKI*, Kenichi KAJIWARA** and Katsuaki MATSUI*** 

Abstract  The performance of the 12cm Kaufman type ion engine are 21 to 23 mN of thrust 
level and 2,400 to 2,670seconds of specific impulse under 540 to 610 watts of power 
consumption and the lifetime of the thruster is over 16,000hours. The engine is applied for 
NSSK of ETS-VIII and the most accumulated beam firing time is over 2,000hours. The 
performance of the high power hall thruster is over 250mN of thrust level and over 
1,500seconds of specific impulse under 5kW of power consumption. The thruster is under 
the 3,000hours endurance test.

Key words Ion Engine, Hall Thruster
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35-cm Diameter Ring-Cusped Ion Thruster 
By 

Yukio HAYAKAWA* 
 
 

Abstract JAXA’s 35-cm Ion Thruster is described. The thruster demonstrates excellent 
performance in particular that is quite important for the thrusters of super low altitude 
satellites. Its life has not yet become definite though the life of thrusters is also important for 
the satellites. However, efforts to obtain a long life are being made. 

  
Key words ion engine, ion thruster, efficiency, performance, power, ratio, thrust, slats 
 

 
1.  

JAXA
35cm  

 
2.  

2.1.  

( )
 

20V

  
2.2.  

 
 ( )     

( )
2  

 Aerospace Research and Development Directorate (ARD) /JAXA 

This document is provided by JAXA.



38 
 

 

2.2.1. ( ) 

 
2.2.2.  

(
) 50%

 
2.2.3.  

1mN
 

2.2.4.  
9.8N 1kg

( )  
2.2.5.  

 
2.2.6.  

 
 

3. JAXA-35cm  
3.1  

JAXA 35cm 1  
 

1 JAXA-35cm  
,mN ,N/m2 ,W ,% ,W/mN ,s 
76.7 0.797 1825 67.2 23.8 3263 

143.3 1.490 3355 69.2 23.4 3303 
171.6 1.784 4003 69.7 23.3 3313 
191.3 1.988 4450 69.9 23.3 3317 
199.4 2.072 4638 70.1 23.3 3326 

 
5%

1kV -200V ( ) 90%
 

80mN 0.69 3300s 23.5W/mN
150mN 5 10-4Pa

This document is provided by JAXA.



39 
 
 

 

5kW  
 

5kW ( ) 
,mN ,N/m2 ,% ,W/mN ,s 
179.4 1.865 72.8 27.9 4134 
194.7 2.024 71.8 25.7 3759 
204.4 2.125 71.1 24.5 3544 
208.1 2.163 70.8 24.0 3471 

 
3.2  

[2]
 

3.2.1  

[3]

2008/10/24 19,320 [4]  
3.2.2  

21 1
25cm 100mN  

3.3  
3.3.1  

EM  
3.3.2  

DC/DC
ETS-

 
 

This document is provided by JAXA.



40 
 

 

4.  
4.1  

200km JAXA

27W/mN
180km

17W/mN [5]
JAXA 35cm 88%  
4.2  

7 50%
3 = 3 5 [5]

1 [1]

3 [7]  
4.3  

27mN 3
27mN

[6]
JAXA 27mN 3 1

 
 

 
[1] Cornu, Nicolas, et al., “The PPS®1350-G Qualification Demonstration: 10500 hrs on the Ground and 

5000 hrs in Flight,” AIAA paper 2007-5197, 2007. 
[2] Hayakawa, Yukio, et al., “5,000-Hour Endurance Test of a 35-cm Xenon Ion Thruster,” AIAA paper 

2001-3492, 2001. 
[3] Hayakawa, Yukio, et al., ”Wear Test of a Hollow Cathode for 35-cm Xenon Ion Thrusters,” AIAA paper 

2002-4100, 2002. 
[4] Ohkawa, Yasushi, et al., “Life Test of a Graphite-Orificed Hollow Cathode,” AIAA paper 2008-4817, 

2008.  
[5] Pidgeon, David J., et al., “Two Years On-Orbit Performance of SPT-100 Electric Propulsion,” AIAA 

paper 2006-5353, 2006. 
[6] Qinetiq , “High Power Electric Propulsion System,” 2004. 
[7] Sengupta, Anita et al., ”An Overview of the Results from the 30,000 Hr Life Test of Deep Space 1 

Flight Spare Ion Engine,” AIAA paper 2004-3608, 2004. 

This document is provided by JAXA.



High Power Mission  
 

Why Electromagnetic Thrust is Suitable for High-Power Mission 
By 

Akihiro Sasoh* 
 

Abstract Electromagnetic acceleration is suitable for high-power, large-thrust operation 
when electrothermal-electrostatic energy conversion is effectively done through 
thermoelectric effect.  

  
Key words Electromagnetic thrust, Hall effect, Magnetoplasmadynamics thruster, 
Thermoelectric thrust, Applied-field  
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Development of DC and MPD Arcjet Thrusters
By

Hirokazu TAHARA*

Abstract Research and development of direct-current (DC) and MPD arcjet thrusters are
overviewed. DC arcjet thrusters are classified into low and high power ones. In low power
arcjet thrusters, a commercially-available thruster is introduced, and a more low power
thruster is under development. In high power (>10kW) DC and MPD arcjet thrusters, some
problems exist in development, their solutions are suggested.

Key words Direct-current (DC) Arcjet Thruster, MPD Thruster, Low Power Arcjet, High
Power Arcjet, Steady-State MPD Arcjet

1.
Direct Current: DC MPD

DC DC
MPD

2.
2.1.

DC
 [1]

0.3 kW 10 30kW
N2H4

PRIMEX Aerojet 1.7kW N2H4

500 210mN MR508-510 Lochheed Martin Telstar
DRTS “ ” WINDS

kW
350 A 115V 1100W 11A 100V

350 600 80 120mN
30 40%

Department of Mechanical Engineering, Osaka Institute of Technology, 16-1, Omiya 5-Chome,Asahi-Ku, Osaka 535-8585, Japan

This document is provided by JAXA.



46

A n o d e (W)

Fr a n g e  R ing
 ( Inc o n e l )

C a t h od e
( W - T h O2 ( 2%) )

I n su l a t o r
 ( B N )

Bo d y (M o)

Ca r b o n
 Ga s k e t P r o p e l l a n t

I n l e t  ( Mo)

C a t h o d e
Hol d e r ( Mo )

C a r b o n
 Ga s k e t

I n s u l a to r
( H - t yp e)

10

10

30

30

0

160 140 120 100 80 60 40 20 0 (mm)
P r o p e l l a n t   f l o w p a t h

  (a)  (b)
RAT-VII

RAT-VII
kW 50 1000

(a)  (b)
RAT-VII

8000 10000 1022m-3

This document is provided by JAXA.



47

(a)  (b)

2000 3000 4000
1020m-3

10

2.2.
10 30kW

 [2-4]
USAF 26kW 800 N

Advanced Research Global Observation Satellite ARGOS 1999
Electric Propulsion Space Experiment ESEX

TRW Rocket Research Company 15

ZrB2

30cm Thermal Barrier Tube
50cm

Thermal Barrier Tube

This document is provided by JAXA.



48

50cm

3.
Magneto-Plasma-Dynamic MPD

MPD

kA

1000 6000 10 50
N2H4 NH3

MPD

(a) (b)

Anode

Anode

Cathode

BGas

Gas

j

Blowing Force

Pumping Force

j : Current density
B : Magnetic field

MPD
MPD 1.2MW

This document is provided by JAXA.



49

1995 SFU MPD
430W 1000 20mN/kW 40000 Electric Propulsion 

Experiment

MPD 100A kA

 [6]
MPD

 [7] NASA Lewis Research Center 100kW
MPD

Ar 0.14g/s 500-2250A 60kW 10-30

MPD
MPD

4.
DC MPD

10-30kW
600-1500sec 1-2N 30-40% 1000-2000hrs

MPD

[1] , , , Vol.45, 2002, pp.317-323. 
[2] A.M. Sutton,” Overview of the Air Force ESEX Flight Experiment,” IEPC-93-057, 1993. 
[3] C.E. Vaughan, R.J. Cassady and J.R. Fisher,” The Design, Fabrication, and Test of a 26kW Arcjet and 

Power Conditioning Unit,” IEPC-93-048, 1993. 
[4] W.D. Deininger, A. Chopra, D.Q. King and T.J. Pivirotto,” Thermal Design Improvements for 30kWe 

Arcjet Engines,” IEPC-88-073, 1988. 
[5] , , , Vol.46, 1998, pp.132-137. 

  [6] , , , , Vol.14, 2005. 

[7] M.A. Mantenieks and R.M. Myers,” Component Erosion in 100-kW Class Applied-Field, Water-Cooled 
MPD Thrusters,” IEPC-93-121, 1993. 

This document is provided by JAXA.



 
 

Crossed Applied Magnetic Field 2D-MPD Arcjet 
By 

Daisuke NAKATA*, Akira IWAKAWA* and  Hitoshi KUNINAKA ** 
 
 

Abstract This paper describes the basic concepts of the Crossed Applied Magnetic Field 
2D-MPD thruster. Especially, the way to construct optimized magnetic coil and the idea to 
avoid the operation limit due to the lack of charge career will be described. The thruster was 
newly designed and quasi-steady operation was successfully achieved using single PFN. 
Maximum 1.6T magnetic field was applied to the discharge chamber and the plasma 
impedance up to 1 ohm was recognized. This device will realize light-weight, high power EP 
system which enables not only economical but also short time space transportation. 

  
Key words MPD Arcjet, Electric Propulsion, Arc Discharge, Magnetic Coil Design 
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Plasma Sail 
By 

Ikkoh FUNAKI*, Hiroshi YAMAKAWA **  and Plasma Sail Working Group 
 
 

Abstract Magnetic sail (MagSail) is a next-generation deep space propulsion system. To 
propel a spacecraft in the direction leaving the Sun, MagSail produces a large-scale magnetic 
field cavity to block the hypersonic solar wind plasma flow. Since the thrust of MagSail is 
proportional to the blocking area, a large-scale interaction between the artificial magnetic 
field and the solar wind is required to capture the energy of very low density solar wind flow. 
From our theoretical and experimental research on the thrust production mechanism of 
MagSail, it is scalable from 1 N class pure MagSail (150-kg satellite that has 2-m-diameter 
superconducting coil for the thrust production) to 1 N class magnetoplasma sail (MPS, 1,000 
to 4,000 kg weight spacecraft that inflates the magnetic field produced by a 4-m-diameter 
superconducting coil by additional plasma jet from the spacecraft). In order to demonstrate 
the world’s first MagSail/MPS in space, we are going to start a working group, in which 1) 
specific mission and spacecraft system will be designed; and 2) key components such as new 
high-temperature superconducting coil, a cryogenic system, and a navigation system are 
going to be developed for the first MagSail/MPS in space.  

  
Key words Magnetoplasma Sail, Magnetic Sail, Plasma Sail, MagSail, M2P2, Small Satellite 
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*1,   *2,  *3, *2,  *4,  
*1, *1, Kostiantyn P. Shamrai*5 

 
A Study of Electrodeless MPD Thruster Using Helicon Plasma Source 

By 
Kyoichiro TOKI*1, Shunjiro SHINOHARA*2, Takao TANIKAWA*3, Tohru HADA*2, Ikkoh Funaki*4, 

Yoshikazu TANAKA*1, Akihiro YAMAGUCHI*1 and Kostiantyn P. Shamrai*5 
 

Abstract One of the promising candidates for high power / modular electric propulsions in the 
future is an electrodeless Magneto-Plasma-Dynamic Thruster. The electrodeless plasma 
acceleration as well as the plasma production was examined from the viewpoint of 
electromagnetic acceleration which is different from the VASIMR magnetic nozzle expansion. 
A proposal of continuous electromagnetic acceleration “Lissajous” was fully understood by 
estimating the thrust and specific impulse. A few preliminary experiments for plasma 
production and acceleration were also performed as the proof-of-concept level. 

  
Key words Helicon Plasma, MPD Thruster, Electrodeless Plasma Production /Acceleration 
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