
 

 

I. INTRODUCTION 

Consider a conductive tether deployed from a space 
system and orbiting the Earth. An electromotive force 
within the tether arises as it moves through the 
geomagnetic field. If either end of the tether is electrically 
in contact with the ionosphere plasma, an electric current 
will be able to flow through the tether by closing the circuit 
via the surrounding near-Earth plasma. If, in addition, 
plasma contactors at either end of the tether emit and 
collect electrons, a significant current in the tether can be 
maintained. Such tethered system is usually called 
electrodynamic tether system (EDTS). 

The theoretical developments carried out to date and 
tests carried out in open space suggest that EDTS can be 
used as sources of Ampere force via interaction between 
the current and the geomagnetic field. Therefore, EDTS 
can provide deceleration without the need for propellant 
and may be used as a non-chemical thruster in near-Earth 
space[1]. In particular, the EDTS can be used as a 
promising source of drag force, which does not require 
fuel consumption, to solve the actual problem of debris 
deorbiting[1-5]. The tether stretched in near-Earth space 
along the local vertical is most effective[1, 2]. This 
orientation of the tether is stable in the central Newtonian 
gravitational field[1-6], but under the action of the 
moment of Ampere forces, the vertical orientation of the 
tether is destroyed[1,5]. The problem of the EDTS 
instability is known and is considered by experts as 
critically importan [4]. Among the possible approaches to 
solving this problem are various options for using devices 
to periodically turn off the current flowing along a 
tether[5]. However, in most cases, the EDTS should 
operate under conditions that imply a continuous current 
flow along the tether in one direction, for example, to 
create the drag force mentioned above in order to remove 
space debris. Therefore, the periodic shutdown of the 
current flowing through the tether or switching the 

direction of the current reduces the efficiency of EDTS 
and limits their use. 

In work[7], a device for stabilizing the EDTS was 
proposed, which does not require a control system for the 
strength of the current flowing through the tether and 
based on charge separation at the ends of the tether and 
using the Lorentz torque [8,9] as an additional stabilizing 
torque[10-17]. The device proposed in[7] creates a 
restoring torque used to stabilize the EDTS. The existence 
and stability of the equilibrium position of the tether in a 
tensioned state along the local vertical is proved. However, 
to ensure the asymptotic stability of the vertical position 
of the tether, along with the restoring, a dissipative 
torque[18,19] is also required, the implementation method 
of which was not considered in [7]. 

In this paper, we propose an approach to the synthesis 
of an active control torque of a dissipative nature and a 
constructive scheme of the corresponding device, 
allowing solving the problem of stabilizing the EDTS in a 
state of orientation along the local vertical. It is shown that 
if the charge on one of the collectors is changed in 
accordance with the conditions determined by the current 
attitude motion of the tether, then it is possible to ensure 
the asymptotic stability of the attitude position of the tether 
along the local vertical. The proposed device for active 
damping of tether oscillations allows increasing the 
efficiency and operational speed of the EDTS stabilization 
system without the need to turn off the electric current 
flowing along the tether.  

The interaction of the EDTS with the near-Earth plasma 
environment is an essential point of the problem. This 
point is addressed in the paper. 
  
 

II. ELECTROMAGNETIC TETHER SCHEME 

A scheme of EDTS is shown in Fig.1. Surface 1 is 
located at the lower end of the tether, which is closer to the 
Earth. It receives a negative charge supported by an 
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electronic emitter 3 (for example, a Hall ion source) from 
the end body 4. Similarly, electronic emitter 3 installed on 
surface 1 allows one to control the magnitude of charge on 
the surface 1, dropping part of the charge from the surface 
1 into the surrounding space. Using electrically insulating 
mounts 2, the surface 1 is connected to the end body 4 of 
the conductive tether 5. At the opposite end of the tether, 
the body 6 is similarly connected to the positively charged 
surface 7. The positive charge on the surface 7 is supported 
by an electronic emitter 3 transmitting a negative charge 
to the end body 6. 
  
 

III. ESTIMATE OF EQUILIBRIUM 

CHARACTERISTICS 
The proposed system configuration, which includes two 

collectors connected by a tether, assumes that the current 
through the tether flows due to the electromotive force 
arising from the motion of the tether in the Earth’s 
magnetic field. Since the presence of electric charges on 
the collectors prevents current from flowing along the 
tether, it is necessary to use a sufficiently long tether with 
low resistivity to maintain a significant current in the 
tether. In order to ensure a better circuit of the current 
through the surrounding cosmic plasma[20], in many 
articles it is proposed to use plasma contactor, for example, 
based on hollow cathodes. However, their use for this 
system configuration is not possible, since the placement 
of the contactor on the upper collector is structurally 
difficult, and a negative charge must be discharged from 
the lower collector (negatively charged), which the 
contactor cannot provide. Therefore, it is assumed that an 
electron gun is located on a negatively charged collector, 
which injects an electron beam with energy above 10 keV 
and a controlled current value.  

Assuming that the neutralizing currents on the 
collectors are completely absorbed by them and the 
current losses in the collectors can be neglected, we write 
two current balance equations for the upper and lower 
collectors and the Ohm’s law equation for the circuit 
section for the current in the tether 
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Here aI  is the tether current, 1eI  and 2eI  are the currents 

of electrons to the lower and upper collectors, respectively, 

1iI  and 2iI  are the currents of ions to the lower and upper 

collectors, respectively, bI  is the currents of electrons in 

the electron gun, wR  is the resistance of the wire, 1ϕ  and 
2ϕ  are the electric potentials of the lower and upper 

collectors, respectively, CBlVE =  is the electromotive 

force in the tether, B  is the geomagnetic field 

induction[1,21-23], l  is the tether length, CV  is EDTS 

velocity with respect to the geomagnetic field.  
The study of system (1) was carried out under the 

assumption that the collectors are spherical surfaces of the 
same radii R . The solution of system (1) gives the locally 
equilibrium values of potentials and currents for given 

values of B , l , CV , and R .  

The choice of possible values of electric charges on the 
collectors is due to two contradictory requirements: an 
increase in charges to increase the stability of the EDTS, 
and a decrease in charges to prevent the possibility of 
breakdowns and discharges. In this case, the potential of 
the order of 1 kV becomes the most suitable. For such 

potentials at the collectors, the currents 2iI  and 1eI  can 

be neglected.  
Since plasma electrons at the considered heights are 

essentially “glued” to the geomagnetic field lines, the 
model proposed in [24] by L.W. Parker and B.L. Murphy 

was used to calculate the neutralizing current 2eI on a 

positively charged balloon. For a cylindrical spacecraft, a 
similar approach was applied by us in [25]. According to 
this model, the current of plasma electrons collected on a 
charged sphere increases due to electron drift across the 
geomagnetic field lines. 

Let us estimate the drift current 2eI  of plasma electrons. 

According to the drift theory, in a cylindrical coordinate 
system whose center coincides with the center of the 
sphere, and the z axis is directed along the geomagnetic 

field induction, the radial rv  and axial zv  components of 

the drift velocity of the guiding center are related by [24] 
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Fig. 1.  Electrodynamic tether scheme 
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where em  and ω  are the mass and gyrofrequency of 

electrons, respectively,  

( )1/22 2
0( , ) /r z a r zΦ = Φ +  

is the electrostatic potential energy of electrons, and Φ0 is 
the value of Φ on the surface of balloon. For a charged 
sphere of radius a  and an axially symmetric function 

( , )r zΦ  for the Coulomb field of the sphere, one can get 

from (2) the equation for the radius of the electron 
collection zone at infinity [24] 
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solution of (3) allows one to find the current of electrons 
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, where ),(00 ee TNII =  is 

the current to an uncharged sphere, eN is plasma density 

and eT  is plasma temperature. As the results of [26] show, 

around a negatively charged body moving in the 
ionosphere, a region of positive space charge arises, where 
the average thermal velocity of ions is less than the body 
velocity. In this case, the following formulae were used to 
calculate the neutralizing current[26]: 
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Here 0iω  is the plasma frequency for ions, e  is the 

electron charge, R  is the radius of the sphere, cR  is the 

radius of the space charge region, *R  is the distance to the 

center of the sphere, where function ( ),iv R R∗  reaches 

its maximum, 
0
in  is unperturbed plasma ion density.  

 For definiteness, the joint solution of equations (1), 
(3) and (4) was carried out for a EDTS moving in a circular 
orbit in the plane of the geomagnetic equator at altitudes 
of 500, 600, 800 and 1000 km above the Earth's surface. 

Since the plasma density eN  and temperature eT  

strongly affect electron collection efficiency[27] and at the 
same time they change as the EDTS moves along the 
trajectory, system of (1), (3) and (4) was solved for values 

eN  and eT  taken from the IRI-2012 model[28] and for 

given values of latitude, longitude, height above the Earth 
and local time. 

Fig. 2 shows the dependences of the currents in the 
tether and the current of the electron gun for zero latitude, 
30 degrees east longitude, altitude of 550 km, and different 
values of local time from 0 to 22 hours. 
 
 

IV. CONCLUSION 

The article describes the functioning of a tethered 
system with a mixed system of charge neutralization: 
passive on the upper cylinder and active (electron gun) on 
the lower one. A significant difference between this work 
and other works is the use of not the averaged parameters 
of the surrounding plasma, but the real parameters, which 
vary greatly during the motion of the tethered system. 

 The results showed that during continuous operation 
of the gun, the locally equilibrium values of the potentials 
of the collectors and the charges on them can vary by a 
factor of 2 to 3, and the values of the currents in the tether 
and in the gun can change by more than one order of 
magnitude. Since it is very difficult to technically 
implement such an electron gun, it will be necessary to 
implement a pulsed mode of its operation. Problems need 
to be addressed further on how the system will be 
stabilized in the pulsed mode of the electron gun, and how 
efficiently it will work as a device for removing space 
debris. 
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APPENDIX 

Let us briefly describe the method of obtaining formula 
(4). It was assumed in [26] that at the initial instant of time, 

 
Fig. 2.  Currents time history. 

 
 

51A.A. Tikhonov et al.



 

 

the electric charge on a spherical body of radius r placed 
in the ionospheric plasma is negative, and plasma 
electrons in the spherical layer of thickness Δ are “swept” 
from the vicinity of the body. It is assumed that the total 

charge inside the space charge region of radius cR  is 

equal to zero: 

0

2
0 ( ) 4 ( , ) 0

cR

iR
Q t e n R t R dR+ =π   (A1) 

Since (A1) is the integral of motion, using the system of 
equations of the one-liquid quasihydrodynamic 
approximation and the Gaussian theorem for calculating 
the electric field strength in the space charge region to 
study the dynamics of plasma ions, it is possible to obtain 
expressions for the density ni and velocity vi of the 
neutralizing flux in (4). Then, (4) simply follows from the 
spherical symmetry of the problem. 
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