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Formation flight using plasma drag force generated by an electromagnetic coil
for small satellites

INAMORI, TAKAYA
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This research proposed a fuel free relative orbit control method using an
electromagnetic coil generating plasma drag force. This research, first, evaluated the plasma drag
force to make clear the feasibility of the application of the ﬁlasma drag force in small satellites
using a PIC (Particle in cell) simulator. The results showed that the satellite can generate a
larger plasma drag force than environment disturbance force such as aero dra? force and J2
perturbation. Second, the study developed an orbit control method with the plasma drag force based
on MPC (model predictive control). The result showed that the satellites can keep the relative obit
with only an electromagnetic coil in LEO.



b.
IGRF IRI2000
a
c.
a
1) a
1 1 b
600 km —
800 km 15 Am?
. . 15 Am?
PIC (Particle in Cell) % 107N
2
7 NOE
=
=) 5 X
o >
5 l+ 2
= =]
8 3
a. PIC  Particle in Cell > ié
o §
x-Position, m
a
PIC




Force, nN

2

2 6
5
3
I n 1
5
1
0
0 -1
0 1 2

x-Position, m

b

FS

y-Position, m
Space potential, V

1 15 Am?
(@)

150
L]
L] .
100 L] []
50
L]
3 . L]
0% ° °
L]
L]
50 -
-100
-80 -60 -40 -20 0 20 40 60 80

Magnetic moment angle, deg

3

J2

km 2

0.01 m?2 10 m

4) b

IGRF
IRI2000

(5) c

600

(6)

C
£ 3
N 50 N 10
k: 5
£~ =] .
g 0 2 0.
Q - Q
o 14 e
2 3
£ 50 540l
. 50~ € o —
~ e -20 T~ —
— = 0
0 — S 50 -40 \\A//
- — -60 -10
50 ’5_0 " Relative position x, m
Relative position x, m Relative position y, m
Relative position y, m
3 (a)
g % E
N 20 N2
S 10 2
G 2 0
20 } . g
(=}
_ o
»g 10 4 \/ -2 -20
§-201 <
o
& -30 ‘\\ 20 N
20 T - . -
— _— 20 0 _
[ _— —
—~— 0 _ _ 20
-20 20 20 0 0

Relative position x, m

Relative position y, m

(b)

Relative position x, m
Relative position y, m

(a)

J2



€Y

@

®

1
J. Park, S. Matsuzawa, T. Inamori, .
Jeung, Nanosatellite  constellation
deployment using on-board magnetic
torquer interaction with space plasma,
Advances in space research, Vol. 61,
Issue 8, pp. 2010-2021, 2018.

3
S. Matsuzawa, "Magnetic Plasma Deorbit
for Nano-Satellites Using Plasma Drag
Force", The 31th International
Symposium on Space Technology and
Science (ISTS), 2017-s-11-f, Matsuyama,
Japan.

, 61
, 2017.

R. Kawashima, T. Inamori, T.
Matsuguma, Particle Simulation of
Interactions between Plasma and
Magnetic Field Surrounding
Nanosatellite  Magnetic  Torquers,
2015-f-87p, The 27th Internationd
Symposium on Space Technology and
Science (ISTS), Kabe, Japan, 2015.

INAMORI, Takaya

50725249

KAWASHIMA, Rei
80794429

MATSUZAWA, Shinji

FUJIWARA, Masaki



