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Abstract:  

A key benefit of an electrodynamic tether system is 

the high peak power generation capability for a 

small impact in spacecraft mass and volume. By 

using electrodynamic drag to greatly increase the 

orbital decay rate, an electrodynamic tether system 

can remove spent or dysfunctional spacecraft from 

low Earth orbit rapidly and safely. Moreover, low 

mass requirements of such tether system make them 

highly advantageous compared to conventional 

rocket-based de-orbit systems. Electrodynamic tether 

system offers the opportunity for in-space 

“propellantless” propulsion around planets with a 

magnetic field and an ionosphere. To validate 

electrodynamic-tether thrusting, we must be able to 

demonstrate sustainable currents and effective 

methods of collecting and emitting electron current 

under varying ionosphere conditions.  However, a 

tether system is much more vulnerable to space 

debris impacts than a typical spacecraft and its 

design must prove to be safe to a certain confidence 

level before being adopted for potential applications. 

The present study briefly reviews the concepts of 

various electrodynamic tether systems and benefits of 

using electrodynamic tether system as compared to 

conventional rocket propulsion systems. Risks 

imposed by electrodynamic tether system in space 

and on operating spacecraft/ international space 

stations has also been discussed. 

Keywords  

Propellantless propulsion, Orbit boosting, Debris 

removal, Power harvesting, Electromagnetic force 

1. Introduction 

The problems are compounded for exploration of 

outer planets such as Jupiter where distance from the 

sun makes photovoltaic power generation less 

effective and where every gram of fuel has to be 

transported hundreds of millions of kilometers. So 

scientists are taking a new look at an experimentally 

tested technology—the space tether—that exploits 

some fundamental laws of physics to provide 

pointing, artificial gravity, electrical power, and 

thrust or drag while reducing or eliminating the need 

for chemical-energy sources. 

Transporting a satellite from the lower elevation 

to its possible goal can run to a few thousand dollars 

for every kilogram of payload. The International 

Space Station, for example, will need an estimated 

77 metric tons of booster propellant over its 

anticipated 10-year life span just to keep itself from 

gradually falling out of orbit. Even assuming a 

minimal price of $7,000 a pound to get fuel up to the 

station’s 360-kilometer altitude, that is $1.2 billion 

simply to maintain the orbital status quo. An 

electrodynamic tether is a distinctly different type of 

propulsion which provides cheap, lightweight, and 

reliable alternative to conventional rocket thrusters. 

It is a current-carrying wire that harnesses the force 

exerted by Earth's magnetic field. In essence, it is a 

clever way of getting an electric current to flow in a 

long conducting wire that is orbiting Earth, so that 

earth’s magnetic field will exert a force on and 

accelerate the wire and hence any payload attached 

to it. EDTs have been successfully demonstrated for 

propellantless propulsion, power generation onboard 

spacecraft orbiting the Earth (Harvesting), de-orbit 

and boost space craft or ISS, debris removal.  

Harvesting of power and energy from the space 

environment offers the promise of reduction in fuel 

usage as well as extended mission lifetimes and/or 

enhanced system capability. Power levels on the 

order of 3.8 kW and a corresponding drag thrust of 

~0.55 N were demonstrated on the TSS–1R. In 

addition, power generation and thrusting consume no 

expendables, which allows increased mission 

lifetime.  

There are over eight thousand satellites and other 

large objects in orbit around the Earth, and there are 

countless smaller pieces of debris generated by 

spacecraft explosions between satellites. Until 

recently it has been standard practices to put a 

satellite in to and leave it there. However, the 
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number of satellites has grown quickly, and as a 

result, the amount of orbital debris is growing 

rapidly. Because this debris is traveling at orbital 

speed (78 km/s), it poses a significant threat to the 

space shuttle, the International Space Station and the 

many satellites in Earth orbit. There are growing 

concerns that the accumulation of space debris is 

leading to environmental degradation in near-Earth 

space. In order to conserve the environment, it is 

very important to deorbit large artificial objects such 

as post-mission satellites and rocket upper-stages, 

since they pose a collision risk with other objects and 

with it the possible generation of countless smaller 

debris. 

One method of removing a satellite from orbit 

would be to carry extra propellant so that the satellite 

can bring itself down out of orbit. However, this 

method requires a large mass of propellant and every 

kilo of propellant that must be carried up reduces the 

weight available for revenue-producing transponders. 

Moreover, this requires that the rocket and satellites 

guidance systems must be functional after sitting in 

orbit for ten years or more. Development in 

Electrodynamic Space-tethers may be as significant 

to future space development as rockets were to its 

beginnings. Tether propulsion is completely reusable 

and environmentally clean, provides all these 

features at low cost and requires no extra fuel. 

There are risks and limitations associated using 

existing rocket fuels (Hydrogen peroxide, Kerosene, 

Nuclear energy), low thrust, cryogenic systems 

requirement, radiation by nuclear energy, emission 

from exhaust, spills or leaks or several hazardous 

problems, space needed for storage, few propellants 

give toxic vapors or fumes, prone to explosion and 

exhaust gases are usually toxic and time 

deterioration. An electrodynamic tether overcoming 

all such difficulties and risks with its unique features 

put forward is a better option. The goal of our study 

is to develop a better understanding of various 

concepts of EDT systems, benefits and risks 

associated with them. 

2. Electrodynamic Tether Principle 

The basic principle to generate EMF across the 

electrodynamic tether is given by a Dutch physicist 

Hendrik Androon Lorentz that a moving electric 

charge experiences a force in a magnetic field and 

that force is known as Lorentz force. It exerts on a 

current carrying wire in a direction perpendicular to 

both the direction of current flow and the magnetic 

field vector as shown in figure 1. 

This force is experienced by a current conductor 

in a magnetic field is due to the drifting of electrons 

in it and following is the relation between Lorentz 

force, velocity of particle, charge of particle and 

magnetic field. 

F = LvB sin θ 

Where, F is the force acting on the particle, v is 

tether velocity relative to the geomagnetic field 

(m/s), L is the current length, B is magnetic field 

strength (webers/m2) and θ is the angle between V 

and B. 

 

Figure 1: Generation on Lorentz force 

Figure 2 shows Fleming’s left hand to figure out 

which way the force is acting. For a charged particle 

moving (velocity v) in a magnetic field (field B) the 

direction of the resultant force (force F) can be found 

by: middle finger of left hand in direction of current 

index finger of left hand in direction of field B, 

thumb now points in direction of the force or motion 

F. The force will always be perpendicular to the 

plane of vector v and B no matter what the angle 

between v and B is. 

 
 

Figure 2: Fleming left hand rule 

Therefore, we can see that low-latitude orbits 

produce the highest EMF because field lines can be 

considered perpendicular to the tether. The 

electromotive force will be pointing opposite the 
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orbital velocity vector, thus slowing down the tether 

and effectively bringing it to a lower orbit 

3. Electrodynamic tether concepts and 

their working 

Electrodynamic tethers (EDTs) are long 

conducting wires made from aluminum alloy and 

typically between 5 and 20 kilometers long. It 

extends downwards from an orbiting platform. 

Aluminum alloy is used since it is strong, 

lightweight, economical and effectively machined, 

work on electromagnetic principles, by changing 

over their dynamic vitality to electrical energy (as 

generators), and the other way around (as engines).  

Electric potential is produced over a conductive 

tether by its movement through the Earth's attractive 

field. It can be utilized either to accelerate or 

decelerate an orbiting spacecraft as shown in figure 

3. When direct current is pumped through the tether, 

it exerts a force against the magnetic field, and the 

tether accelerates the spacecraft. 

  

Figure 3.  Generation of electric potential across 

conductive tether 

3.1 De-orbiting/ Debris removal 

The tethers can be utilized to reduce the orbit of 

the spacecraft or to remove debris from space, if the 

system has methods for gathering electrons from the 

ionosphere plasma toward one side of the tether and 

ousting them back in to the plasma at the opposite 

end of the tether, the voltage can drive a current 

along the tether. This current, in turn, interacts with 

the Earth’s magnetic field to cause a Lorentz force, 

which will contradict the motion of the tether and its 

host craft. These electrodynamics drag power will 

decrease the orbit of the tether and its host craft. 

Basically, the tether changes over the orbital vitality 

of the host shuttle in to electrical power, which is 

scattered as heating in the tether.  

The region of low Earth orbit—from 200 to 2,000 

kilometers above the surface has become littered 

with tens of thousands of objects, including defunct 

satellites, rocket motors, explosion debris and 

miscellaneous hardware. It takes decades to centuries 

for these objects to sink into the lower atmosphere, 

where they are incinerated by air friction. Deploying 

tethers on newly launched spacecraft would provide 

a simple and low-cost way to speed up that timetable. 

When Satellite reaches end of its design life and 

deploys tether and Tether produces drag, lowering 

the satellite’s altitude into denser layers of the 

atmosphere. Eventually drag induced by the tether 

lowers the satellite to an altitude sufficiently low that 

it rapidly falls into the lower atmosphere and burns 

up on reentry. 

3.2 Orbit boosting 

Figure 5 representing Boost and De-boost 

mechanism using an electrodynamic tether. The 

gravity slope field will tend to arrange the tether in a 

vertical position. On the off chance that the tether is 

orbiting around the Earth, it will cross the earth 

magnetic field at orbital speed (7-8 km/s) through the 

atmosphere ionosphere plasma and long aluminum 

wire extracts electrons from the plasma at the end 

farthest from the payload and carries them to the near 

end. 

The movement of the conductor over the 

magnetic field prompts a voltage along the length of 

the tether. The voltage therefore made along its 

length can be up to a few hundred volts for every 

kilometer and used to drive current toward the path 

inverse to what it typically needs to stream; the tether 

can push against the Earth's magnetic field to raise 

the shuttle's orbit. The real preferred standpoint of 

this method contrasted with the other space impetus 

system is that it doesn't require any fuel. It utilizes 

Earth's magnetic field as its response mass. By 

wiping out the need to dispatch a lot of force in to 

orbiting, electrodynamic tethers can enormously 

lessen the cost of in-space drive. 

3.3 Generation of onboard power 

An EDT, employing aluminum, copper or another 

conductor the tether cable, offers additional 

advantages. For one, it serves as an electrical 

generator So if a tether is moving from west to east 

through Earth’s northward-pointing magnetic field, 

electrons will be induced to flow down the tether.  

The tether exchanges electrons with the ionosphere, a 

region of the atmosphere in which high-energy solar 

radiation strips electrons from atoms, creating a 
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jumble of electrons and ions, called a plasma. The 

tether collects free electrons at one end (the anode, or 

positively charged electron attractor) and ejects them 

at the opposite end (the cathode, or negatively 

charged electron emitter). The electrically conductive 

ionosphere serves to complete the circuit, and the 

result is a steady current that can be tapped to use for 

onboard power. 

 
 

Figure 5: Boost and De-boost mechanism 

4. Benefits of electrodynamic tether 

The major advantage of the tether technology 

compared to other propulsion systems is that it  

 Does not require any propellant.  

 a typical electrodynamic tether system, 

weighting about 30-50 kg, can achieve de-orbit 

of spacecraft requiring only a few percent (1-

5%) of the carrier vehicle mass at launch 

whereas, chemical thrusters need a mass 

allocation that is a significant fraction (10-

20%) of the total mass to be disposed of. 

Substantially reduce the weight of the 

spacecraft. 

 Eliminating the need to launch and store in 

orbit for many years a large amount of 

propellant, electrodynamic tethers can greatly 

reduce the cost and improve the reliability of 

in-space propulsion and operations. 

 Faster de-orbit of spacecraft or debris, a few 

weeks or months only from LEO, than the 

decay under the influence of the atmospheric 

drag alone and eliminates collision threat of 

debris to other operational spacecraft.  

 High efficiency and good adaptability to 

varying plasma conditions. 

 A cost effective method of re-boosting 

spacecraft 

 It is reusable 

5. Risks of using electrodynamic tether 

Tethers are usually very long and thin, providing 

increased opportunities for something to go wrong.  

 The accidental tether severing may be due to a 

number of causes including  

 Manufacturing defects, system malfunctions, 

material degradation, vibrations, and contact 

with other spacecraft elements.  

 EDTs have a tendency to build up vibrations 

from the variations in the Earth’s magnetic 

field. Unless these vibrations are damped, the 

tether will eventually fail from mechanical 

stress. One way to prevent excessive vibrations 

is to install radio or inertial sensors in the 

tether, and vary the current in it suitably to 

damp out the oscillations 

 Much greater risk than debris to operating 

satellites due to their considerably large 

collision cross-sectional area.  

 Because of their small diameter, tethers of 

normal design may have a high probability of 

being severed by impacts with relatively small 

meteoroids and orbital debris. The resulting 

tether fragments may pose additional risks to 

operating spacecraft. 

 The risk of impact with the largest space 

objects, typically spacecraft and upper stages, 

cannot be reduced by modifying the tether 

design or increasing the tether diameter. 

 Tether-tether Collisions is of great concern 

when many long tethers were put in space at 

the same time 

 The tether, however, is not a rigid rod held 

above or below the spacecraft. It is a very long, 

thin cable, and has little or no flexural rigidity. 

The transverse electrodynamic forces therefore 

cause the tether to bow and to swing away from 

the local vertical. Gravity gradient forces 

produce a restoring force that pulls the tether 

back towards the local vertical, but these results 

in a pendulum- like motion. Because the 

direction of the geomagnetic field varies as the 

tether orbits the Earth, the direction and 

magnitude of the electrodynamic forces also 

varies, and so this pendulum motion develops 

into complex liberations in both the in-plane 
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and out-of-plane directions. Due to coupling 

between the in plane motion and longitudinal 

elastic oscillations, as well as coupling between 

in-plane and out-of-plane motions, an 

electrodynamic tether operated at a constant 

current will continually add energy to the 

liberation motions, causing the libration 

amplitudes to build until the tether begins 

rotating or oscillating wildly. In addition, 

orbital variations in the strength and magnitude 

of the electrodynamic force will drive 

transverse, higher-order oscillations in the 

tether which can lead to the unstable growth of 

"skip-rope" modes. 

6. Conclusion 

As electrodynamic tethers can provide long term 

propellant- less propulsion capability for orbital 

maneuvering and station keeping of small satellites 

in low earth orbit, these are preferable compared 

with the existing rocket propulsion system. Also 

EDTs may provide an economical means of 

electrical power in orbit. Hence electro dynamic 

tethers play a key role for satellite communication 

system. 

Development of a propellant free, electrodynamic 

tether propulsion system would make it possible to 

put a long term probe in Jupiter's orbit - one that 

could leverage the planet's powerful magnetic field 

and magneto sphere to travel freely among the Jovian 

moons, providing more information and new insight 

about them as well. A concept developed by Tethers 

Unlimited wherein several rotating tethers in orbit 

around the earth and moon may provide a means of 

exchanging supplies between low Earth orbit 

facilities and Lunar bases without requiring the use 

of propellants. 

Electrodynamic tether now becoming the most 

popular fuel carrier for space crafts. The use of space 

tethers is the answer to all the current problems as 

they don’t require propellants. ED tethers can 

provide long-term propellant less propulsion 

capability for orbital maneuvering and station 

keeping of small satellites in Low-Earth-orbit. ETDs 

are opening new doors in space explorations. 

Tethers in space confronting problems like 

collision with space debris tether-tether collision and 

collision with operating spacecraft. Most of these 

causes can be prevented through design, quality 

check and active control of the tether dynamics and 

stability during the mission. Therefore, before 

electrodynamic tethers can be used to mitigate the 

problem of orbital debris, evaluate the impact of 

tethers on the space environment, i.e. to determine 

the tether collision risk with operating spacecraft, the 

risk posed by the tether remnants after severing, the 

chance of collision among the tethers themselves, 

evaluate the risk for a tether of being cut during the 

mission by orbital debris and meteoroids. 
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