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Large-thrust operation of electric propulsion by using electrostatic/magnetic
hybrid ion acceleration

Ichihara, Daisuke
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Electric propulsion have a capability of high-exhaust velocity operation
than that of the chemical propulsion operation. However, due to the small thrust, it takes much
longer time to orbit rising. In this research, the electrostatic/magnetic hybrid ion acceleration
method under the diverging magnetic field was investigated to achieve a large-thrust operation of
electric propulsion. Through this research, we have hound that even with external cathode operation,

the hybrid 1on acceleration method was effective by keeping high electron Hall parameter. By
increasing magnetic field strength, multiple ionization process was enhanced. As as result, the
specific impulse exceeded 3800 s and more than 30% of thrust efficiency was achieved with argon
propellant.



Diverging-magnetic-field electrostatic thruster (
) DM-EST

90%

L]

ISt

( o\ Pl
) [+
. \ IRER
| @EBmcins (BRI
/ ¢ (EBEEHNIE)
(1
1 /
/
1
2 /
/
1
2 /
/
3 /
/
DM-EST



Ra
ha B vd
3(a),(b) F=0’ma(2eVd/mi)%s
e mi
F=0JdBR Jd
Permanent magnet
3(6\),(b) [ Stainless steel Magnetic
/ 3 Ceramic 7 lines of force
B3 Copper
El Tantalum =T é
g Z1f Nl
a | .
| fa=lr HO[TOW cathode f\node
28% 2% | ——
/‘\
Hall ( [\
) t t t t mm
55 - 50 =25 0 25 50
2
10 71— 1 100_'"|"'|"'|"'y'"/_
I B, mT ] [ B,mT =120 098 7
80 F 0 210 ] 80 F o 210 -—---- T
[ o0 315 3 [ 0315 --- 7 2089 ]
z 60 ® 402 ] z 60 ® 42— 7 7 .
E - ] £ - A ]
- r = ] - L SO ey ]
Lo 40 ] Lo 40 ad ]
20 | . 20 | .
! @ ] ! () ]
o-r’..I...I...I...I...- 0- PP BRI EERE B
0 20 40 60 80 100 0 20 40 60 80 100
my(2eVy/m )%, mN JBR, MN
3 @ (b)
/
2
38%
62% /
Hall Hall
3140 52N/m2
47N/m2 Hall 50N/m2
/
Solenoid coil 2 l Working gas
4 2 Solenoid coil 1 \jJ Hollow
[{| cathode
P"’Pe‘!‘? ____________________
s aea A Magnetic
|Z lines of force
28% 39%
Copper
33 Insulator
[ Stainless steel
1 . . I . I . L e mm
-100 -50 0 50 100 150 200 250 300
3800 30%



3 3 0 0

Ichihara Daisuke Sasoh Akihiro 35
Similar Thrust Performance in Diverging-Magnetic-Field Electrostatic Thruster with Monoatomic 2019
Propellants
Journal of Propulsion and Power 236 238
DOl
10.2514/1.B37294
Ichihara Daisuke Matsuba Toshihiro Iwakawa Akira Sasoh Akihiro 36
High-Specific-Impulse Electrostatic Thruster with Argon Propellant 2020
Journal of Propulsion and Power 256 263
DOl
10.2514/1.B37675
Ichihara Daisuke Nakagawa Yoshiya Iwakawa Akira Sasoh Akihiro 36
Central and External Cathode Operations in a Diverging-Magnetic-Field Electrostatic Thruster 2020
68 77

Journal of Propulsion and Power

DOl
10.2514/1.B37636

(DM-EST)

62

2018




H30 - -

2019

D. Ichihara, T. Matsuba, A. lwakawa, and A. Sasoh

High-Specific-Impulse Operation in Diverging Magnetic Field Electrostatic Thrusters with Argon Propellant

36th International Electric Propulsion Conference

2020

D. Ichihara, T. Kato, A. lwakawa, and A. Sasoh

Thrust Generation in Electrostatic-Magnetic Hybrid Plasma Thruster

36th International Electric Propulsion Conference

2020




