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Space debris removal

Orbit transfer of debris is essential for the debris removal technology.

https://leosweep.upm.es/en/

Kitamura et al., Acta Astronautica, 2014

the ion beam shepherd (IBS) technologyDebris catcher technology

Propulsion device and catcher technology Two propulsion devices (ion thrusters)



Bi-directional ion acceleration in a helicon source

Zhang et al., APL 2016



Motivation

Demonstrating the space debris removal by one propulsion device (magnetic nozzle helicon thruster).



Thrust generation by the helicon thruster

Total momentum (Thrust)
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Thrust arising from the MN



Effect of neutral gas injection on the thrust

Neutral gas injection affects the density profile and the resultant thrust generation.



No back plate cases
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Two gas injection ports for inhibiting the 
effect of the asymmetric neutral injection



Simultaneous measurements of the forces to 
the thruster and target (debris)
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Displacement signals
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(a) thrust balance
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Control by B fiend configuration
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M: 
zero thrust and force to the target
Debris removal mode

D: 
Larger thrust accelerating the spacecraft
Acceleration mode

U:
Large thrust decelerating the spacecraft
Deceleration mode

C:\KazunoriTakahashi\DataDrive\Experiments_MegaHPT\20170626MegaHP
TKazu_Debris\Momentum_IBupIBdown_1kW50sccm50sccm\Thrust_IBupIB
down.ngp



Density measured at 25 cm upstream 
and downstream of the thruster exits

Thruster center is z = -10.9 cm.
The measurements are performed at z = -35.9 cm and 14.1 cm.

LPup LPdown
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pdown_IB_1kWCup50Cdown50.ngp



Axial density profiles
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C:\KazunoriTakahashi\DataDrive\Experiments_MegaHPT\20170623MegaHPTKazu_Debris\Iisd
own_zdown_Bconfig.ngp

The density profile modified by the magnetic field configuration (perhaps ionization profile or 
the inhibition of the loss to the wall by separating the plasma from the wall) seems to 
dominate the momentum exhausted into the upstream and downstream direction. 



Control by gas injection
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Debris removal mode

Acceleration mode Deceleration mode

The debris removal, acceleration, and 
deceleration modes can be switched by the 
gas injection. 
This is not due to the cold gas thrust, but the 
plasma density modification by the neutral.

Actually, the improved thrust has been 
observed by the previous experiments.
(Takahashi APL 2016b)

Takao is now working on the DSMC-PIC 
simulations with a magnetic field, we can ask 
to Takao to simulate the present experiments 
if needed.

IBup = IBdown = 8A

C:\KazunoriTakahashi\DataDrive\Experiments_MegaHPT\20170626MegaHPTKazu_Debris\Momentum_C
ArRatio_1kW8A8A\Thrust_CupCdown.ngp



Density measured at 25 cm upstream 
and downstream of the thruster exits
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Axial density profiles
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The local ionization seems to be one of the reasons why the density upstream and 
downstream of the exits are controlled by the gas injection. 

C:\KazunoriTakahashi\DataDrive\Experiments_MegaHPT\20170623MegaHPTKazu_D
ebris\Iisdown_zdown_CArRatio.ngp



Conclusion

The upstream and downstream plasma flows exhausted from the 
helicon plasma thruster is successfully controlled by the magnetic 
field configuration.

The simultaneous measurement of the forces to the thruster and 
the target demonstrates the concept of the space debris removal 
by one electric propulsion device.

Furthermore, the thruster can be operated at ‘space debris 
removal mode’, ‘acceleration mode’, and ‘deceleration mode’ for 
the different magnetic field configurations, i.e., all the operation 
modes can be performed by the one electric propulsion device.





Electrostatic acceleration and energy 
transfer from electrons to ions
trapped free



Axial momentum lost to the radial wall

Density profile shifted to the upstream side seems to be 
connected to the loss term.
Such profile seems to be due to a neutral depletion effect.



DBz < 0

DBz > 0

IisBzMovie.mp4


Physical picture of the data

PHYS ORG: 
On the road to creating an electrodeless spacecraft propulsion engine



Transition condition analysis

Takahashi and Ando, PRL2017

V = Mi*Cs ~ 3.5 km/s



What parameter decides the 
transition?

Many people believe that the stretch occurs for the super Alfvénic flow (MA = v/vA > 1)

The experiment shows that the transition occurs at the 
lower Alfvén Mach Number than people thought.

Takahashi and Ando, PRL2017



Transition model in an ideal MHD approximation (1)

Inertia term

Pressure force

Magnetic pressure force

Magnetic tension

Upstream limit
Downstream limit

1- Zero velocity (v ~ 0)
2- Straight axial magnetic field 

(negligible tension term)

1- low plasma pressure (p ~ 0)
2- low magnetic field

(negligible magnetic pressure)

𝑣2~𝑉𝐴
2 =

(𝐵𝑣𝑎𝑐+∆𝐵)
2

𝑚𝑛𝜇
magnetic pressure

plasma pressure

pressure

r

Negative Bz

For 𝑣 > 𝑉𝐴𝑣𝑎𝑐 =
𝐵𝑣𝑎𝑐
𝑚𝑛𝜇

DB should be positive to maintain the equilibrium.



Transition model in an ideal MHD approximation (2)
Intermediate condition

Dimension analysis
(∇→ 1/L for velocity 

and -1/L for the decreasing B and p)
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1

2
𝑉𝐴𝑣𝑎𝑐
2 − 𝐶𝑠

2 =
1

2

𝐵𝑣𝑎𝑐
2

𝑚𝑛𝜇
− 𝐶𝑠

2,

𝑣2~
1

2
𝑉𝐴
2 − 𝐶𝑠

2 =
1

2

𝐵𝑣𝑎𝑐 + ∆𝐵 2

𝑚𝑛𝜇
− 𝐶𝑠

2

DB should be positive to maintain the equilibrium.

Takahashi and Ando, PRL2017


