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ABSTRACT  

Electro dynamic tethers (EDT) can be completely or 

partially made of an insulator material and be used for a 

wide variety of applications such as power generation, 

propulsion, remote sensing, orbital maneuvers, 

microgravity experiment, artificial gravity generation, 

etc. When tethers cross in a geomagnetic field, induced 

electromotive force occurs on the tether. By the induced 

electromotive force, the tethers collect electrons and 

ions from surrounding plasma. As a result, current flows 

through a tether. Then, Lorentz force occurs on the 

tether. From this Flemingôs law, a spacecraft can 

accelerate and slow down without a propellant. When 

the spacecraft slows down, tethers can generate 

electricity by collecting electrons and ions from the 

surrounding plasma. Therefore, this research focuses on 

a power balance simulation on EDT generation system 

and a satellite potential change. This simulation results 

assuming an actual EDT system will be considered and 

satellite potential change experiment will be considered 

about how satellite potential change after turning on 

switches being between a satellite system and the 

electro dynamic tethers. 

 

1. INTRODUCTION  

We performed various space developments such as an 

acquisition of the GPS, a weather forecast using a 

satellite. The space development gives a great benefit to 

us and is essential for further prosperity. However, we 

have to solve a problem about space debris to push 

forward further space development. Space debris was 

produced by space development carried out in the past. 

They are very dangerous existence for a spacecraft and 

they have to be removed. EDT (Electro dynamic tether) 

system is one way to remove space debris
[1]

. The EDT 

system is comprised of an electron collector, an electron 

emitter, a communication device, and battery. A power 

supply is necessary for an electron emitter and 

communication device. In this system, an uncontrolled 

satellite can install electro dynamic tether. When the 

satellite which tether was attached to crosses the 

geomagnetic field, an induced electromotive force 

occurs in tether. By the induced electromotive force, 

tether collects much electrons and ions from 

surrounding plasma. As a result, a current flow through 

the tether and Lorentz force occurs to a failed satellite. 

When Lorentz force occurs in the line of the satellite 

and the same direction, the satellite accelerates. When 

Lorentz force occurs in the line of the satellite and 

objection, the satellite slows down. With the slowdown 

mode of the EDT system, the removal satellite can 

generate electricity. However, this system cannot 

always generate electricity. When this system cannot 

generate electricity, an electricity of batteries will be 

used to functionalize the system. The generated 

electricity is distributed into an electron emitter and a 

communication device and charges battery with the 

electricity that remained. Therefore the purpose of this 

study is to simulate the energy valance of EDT system 

and evaluate it. And if a switch is inserted between a 

tether and a satellite in order to protect the internal 

equipment, after turning on the switch, it was inspected 

how satellite potential changed. 

 

2. POWER GENERATION SYSTEM  

The EDT power generation system employed a zener 

diode. Figure 1 shows a power generation system. The 

electron is released in plasma by an electron emitter. An 

electron collector collects electrons from surrounding 

plasma. The electron emitter and the electron collector 

form a closed circuit through the ambient plasma. Until 

the battery is charged, the current does not flow towards 

the zener diode. The Battery is charged, and the battery 

voltage rises. When a battery voltage becomes the 

breakdown voltage of the zener, the current begins to 

flow through a zener diode. Then, the battery was 

charged fully . 

 

 

Fig. 1.  Generation system 
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Table 1. The difference between the proposed EDT 

system and past experiment 
Proposed EDT system Past experiment 

Battery Capacitor 

Electron emitter Filament 

Electron collector Bare tether 

 

Table 1 shows the difference of proposed EDT system 

and past experiment. The proposed EDT system was 

equipped with a battery, an electron emitter, an electron 

collector and a communication device. In past 

experiment, the capacitor was used in substitution for a 

battery, the bare tether was used as an electron collector 

and the filament was used as an electron emitter. The 

generation system was verified. Figure 2 shows the 

result which experimented with this charging circuit. 

 

 
Fig. 2. Relation between a generating electricity voltage 

imitation line voltage and a tether current 

 

Red line shows a capacitor voltage used as a battery. 

And, blue line shows a circuit current. This result 

indicates that the capacitor was charged by the electron 

current. The power generation circuit was verified. 

 

3. EXPERIMENT PRINCIPLE  

In this experiment, a bare tether was used as an electron 

collector and a filament was used as an electron emitter. 

At first, a performance of the filament and the bare 

tether were measured. 

 

3.1  Filament properties measurement experiment 

Figure 3 shows a filament properties measurement 

experiment circuit diagram. The filament becomes red-

hot by a current from a power supply for electron 

emitters. The red-hot filament produces thermionic 

electron emission. The released electron flows into the 

positive side of the filament power supply through a 

chamber ground. A current flow is shown in Fig. 3. This 

current was calculated by measuring voltage of both 

ends of a resistance. 

 

 

Fig. 3. Filament properties measurement experiment 

circuit 

 

3.2 Bare tether current collection performance test 

Figure 4 shows a current collection of bare tether 

performance test circuit diagram. A positive bias was 

applied to the bare tether by a variable power supply. 

The bare tether collects electrons in the chamber. The 

electron current was measured. 

 

 
Fig. 4. bare tether electric current collection 

performance test circuit diagram 

 

3.3 Potential fluctuation experiment 

Potential fluctuation experiment was performed using 

a filament, a bare tether and transistor as a switch. The 

switch was controlled by a microcontroller. At first, the 

reply speed of the surface electrometer was measured. 

Figure 5 shows a reply speed examination circuit. 

Power supply voltage was 40V. After turning on a 

transistor, a surface potential of metal plate was 

measured by a surface electrometer.  
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Fig. 5. Reply speed examination circuit 

 

Next, figure 6 shows a potential fluctuation experiment 

circuit diagram. The filament emits electrons, and the 

bare tether collects electrons in a chamber. After turning 

on the switch, the filament and the bare tether form a 

closed circuit. The current flow is shown in Fig. 6. A 

tether voltage and a circuit current were measured. 

Figure 7 shows a potential fluctuation examination 

considered a capacitor of a tether (about 870m). The 

tether voltage was measured. The tether voltage was 

measured by using a non-contacting surface 

electrometer. In addition, the whole circuit was floating 

electrically from the chamber ground. 

 

 

Fig. 6. Potential fluctuation experiment circuit diagram 

 

 

 

 

Fig. 7. Potential fluctuation experiment circuit 

diagram considered capacitance of tether 

 
 

 

4. EXPERIMENT RESULTS  

4.1 Filament properties measurement experiment 

Figure 8 shows the performance test result of the 

filament as the electron emitter. Table 2 shows a plasma 

environment during the experiment. 

 

Table 2.  Plasma environment 
Parameter Value 

Vacuum degree 8.0 ρπ [ὖ] 
Plasma density 1.3 ρπ[ά ] 

Plasma potential 15[V]  
 

 
Fig. 8. Filament properties measurement experiment 

result 
 

The horizontal axis is the potential differences between 

filament voltage and plasma potential. The vertical axis 

is the electron emission current which flowed through 

resistance in a circuit by the thermionic emission of the 

filament. In addition, a potential distribution for the size 

of the filament power supply voltage was existed on the 

filament. 
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4.2 Bare tether current collection performance test 

Figure 9 shows the performance test result as an 

electron collector of bare tether. Table 3 shows the 

plasma environment during the experiment. 

 

Table 3. Plasma environment 

Parameter Value 

Vacuum degree 6.0 ρπ [ὖ] 

Plasma density 1.7 ρπ[ά ] 

Plasma potential 17[V]  

 

 

Fig. 9. Bare tether electric current collection 

performance test 

 

The horizontal axis is the potential differences between 

tether voltage and plasma potential. The vertical axis is 

tether current. Figure 8 shows that the collected current 

amount of the bare tether increased as a potential 

difference between the tether voltage and the plasma 

potential increases. 

 

4.3 Potential fluctuation experiment  

Table 4 shows a plasma environment during the 

potential fluctuation experiment. 

 

Table 4.  Plasma environment 

Parameter Value 

Vacuum degree 3.0 ρπ [ὖ] 

Plasma density 1.2 ρπ[ά ] 

Plasma potential 14[V]  

 

An applied voltage to bare tether was changed to 25V, 

45V and 73V. In addition, a resistance level (0ɋ, 2.2kɋ, 

1.5Mɋ) in each voltage was changed and was tested. 

Figure 10 shows a result of reply speed of the used 

surface electrometer.  

 

 

Fig. 10. Reply speed of a surface electrometer 

 

 

Figures 11 to 13 show each of the resistance of tether 

voltage fluctuations when generating electricity voltage 

imitation power supply was 73V. And figures 14 to 16 

show circuit current fluctuations. 

 

 
Fig. 11. Shunt 

(voltage simulation power supply voltage=73V) 

 
Fig. 12. 2.2kɋ 

(voltage simulation power supply voltage=73V) 
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Fig. 13. 1.5Mɋ 

(voltage simulation power supply voltage=73V) 

 
Fig. 14. Shunt 

(voltage simulation power supply voltage=73V) 

 
Fig. 15. 2.2kɋ 

(voltage simulation power supply voltage=73V) 

 
Fig. 16. 1.5Mɋ 

(voltage simulation power supply voltage=73V) 

 

From Figs. 11 to 13, an electric change is slow when a 

resistance was big.  From Fig. 14~16, a momentary 

current value in each resistance value did not change 

very much in turning on a switch. Next, potential 

fluctuation examination results with a capacitor of tether 

are shown in Figs. 17, 18, and 19. 

 

 
Fig. 17. Shunt 

(voltage simulation power supply voltage=45V) 

 
Fig. 18. 2.2kɋ 

(voltage simulation power supply voltage=45V) 

 
Fig. 19. 1.5Mɋ 

(voltage simulation power supply voltage=45V) 
 

In the shunt mode and 2.2kɋ mode, overshoot was not 

found in those results. And, electric potential changes 

slow than the results when not considering a capacitor 

of tether.  

 

5 SIMULATION FOR AN ENERGY VALANCE  

This simulation was performed using some parameters 

when this system went around the earth. For example, 

some parameters is altitude, magnetic field, latitude, 

longitude, a length of this tether, diameter of this tether, 

a characteristic of used emitter, a power voltage, 

number of partitions. It was assumed circular orbit 

(Inclination: 83 degrees) and simulated. Figure 20 

shows the orbital data. 
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Fig. 20. Orbital data  

 

At first, the tether is divided depending on number of 

partitions. After the tether was divided, tether current, 

potential and thrust values at each partition are 

simulated. The tether current changes depending on the 

characteristic of the electron emitter. FEC (Field 

Emission Cathode) was assumed as an electro emitter. 

Fig. 21 shows a characteristic of FEC. 

 

 
Fig. 21. FEC  

 

 If the difference of FEC potential and plasma potential 

was less than -10V, it can work.  When FEC potential is 

-100V, the emission current is the maximum.  Even if 

the FEC potential becomes lower, it is assumed that 

emission current is fixed at 1A. Also, when power 

voltage was considered, FEC potential becomes big by 

power voltage. If FEC potential is positive, the 

simulation was finished at the position. The emission 

current of the electron emitter is decided by the electric 

potential of the emitter. When the electric potential of 

the electron emitter considered the power voltage is 

positive, the simulation at the position ends..  The 

simulation is carried out at the next position. This 

simulation is repeated. This simulation is assumed that 

tether current always flow through the tether. 

 

6 SIMULATION FOR AN ENERGY VALANCE  

Table 5 shows simulation conditions for an energy 

valance. 

 

 

Table 5. Simulation conditions 
Parameter Value 

Altitude 1000[km] 

Orbital inclination 83° 

Satellite weight 350[kg] 

Debris weight 3400[kg] 

Plasma density 1.0 ρπ[ά ] 

Tether length 1, 5, 10, 15, 20, 30[km] 

Power voltage 100, 150, 200[V] 

 

The simulation was carried out under those parameters. 

Figure 22 shows effective magnetic field for generating 

electricity. 

 

 
Fig. 22. Effective magnetic field  

 

Direction of effective magnetic field is positive that the 

electric potential of electro emitter is negative for 

plasma potential. Figure 23 shows schematic diagram. 

 

 
Fig. 23. Schematic of magnetic field direction 

 

Figure 22 shows that effective magnetic field is positive 

at all range. Therefore, this system always can generate 

electricity under the conditions. Figure 24 shows an 

induced electromotive force on the tether. 
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Fig. 24. EMF 

(Power voltage=150V) 

 

Figure 25 shows a tether current on the tether. 

 

 
Fig. 25. Tether current 

(Power voltage=150V) 

 

Figure 25 shows that tether current did not flow through 

the tether when tether length is 1km. Because induced 

electromotive force didnôt be produced very much in 

this range, the electric potential of the electro emitter 

did not fall down to operation potential. Thus, tether 

current cannot flow through the tether. Figure 26 shows 

a simulation result about a thrust. 

 

 
Fig. 26. Thrust 

(Power voltage=150V) 

 

The simulation was carried out about the electricity 

income and expenditure. Figure 27 shows a result when 

power voltage was 100V and tether length was 30km. 

 
Fig. 27. Electricity income and expenditure 

(Power voltage = 100V, tether length = 30km) 

 

 Figure 27 shows that when power voltage was 100V 

and tether length was 30km, emitter power consumption 

was larger than generation electricity. In this case, this 

system cannot work by a self-power generation. This 

means that power voltage was not enough. The 

simulation was carried out when power voltage is 150V 

and tether length is 30km. 

 

 
Fig. 28. Electricity income and expenditure 

(Power voltage = 150V, tether length = 30km) 


