
SUPERCONDUCTING MAGNETS: MAKING NUCLEAR FUSION POSSIBLE

THE ENERGY CRISIS
One of the engineering challenges today is developing a solution to the

looming energy crisis. Traditional energy sources are proving either inadequate to
keep up with the growing demand, or too harmful to the environment to be
sustainable. According to the World Energy Council, eighty-two percent of the
world’s energy is sourced from fossil fuels, with the remaining eighteen percent
coming from various renewable sources like hydro (~2%) and nuclear (~5%).
However, the environmental impact of fossil fuels is not the only reason a new
energy source is needed. Eventually the reserves will run out and the natural
formation of fossil fuels will be pitifully slow compared to the demand for energy.

OVERVIEW OF NUCLEAR FUSION
Nuclear fusion is the forcing together of two nuclei. The fuel has to be

extremely dense and superheated in order for the fusion of particles to occur.
Fusion reactors have to employ massive electromagnetic systems to produce a
magnetic field strong enough to contain the reaction as well as condense the fuel
to increase the frequency of collisions. Deuterium and tritium are the fuel of choice
for fusion reactors. Both are light materials, being isotopes of hydrogen. Joining
two of these atoms results in a charged helium atom with two protons and two
neutrons and an extra neutron. About eighty percent of the energy released from
the reaction is contained in the lone neutron. This heated neutron can escape the
magnetic field and is used to boil water and spin a turbine. The other twenty
percent of the energy is stored in the helium atom. This leads to more collisions
that keep the reaction chamber hot, decreasing and eventually eliminating the
need for external heating systems as the reaction becomes self-sustaining.

SUPERCONDUCTORS
When a superconductor is chilled to its critical point, it loses all resistance and

can pass a current with no potential difference. Since the superconductor has no
resistance, there is no loss in power when current flows through a superconductor.
To make superconductors more useful in engineering applications they need to be
drawn out into long wires or strands, and the first step in creating such a strand is
to create a filament. There are a variety of different designs available for
superconducting filament, however they all include a superconducting strip that is
wrapped in a conductive metallic matrix.

TOKAMAK
A tokamak is a fusion reactor design that uses magnets to form a strong magnetic
field in the shape of a torus, which compresses the charged hydrogen fuel within to
form plasma. Once the plasma is formed it is further compressed until a fusion
reaction is initiated where the heat from the fusion will trigger more reactions in
the surrounding plasma. There are 4 primary systems to a tokamak reactor design,
the vacuum vessel, magnets, cooling system, and blanket. The vacuum vessel
provides a conducive environment for hydrogen plasma to be compressed.

DISCRETE ELECTROMAGNETIC FIELD SYSTEMS WITHIN ITER
Toroidal Field System Poloidal Field System Central Solenoid Correction Coils

The toroidal field system provides the bulk of 
the magnetic field used to condense the 

hydrogen plasma. 
It is designed to produce a magnetic field of 11.8 

Tesla with an energy of 41 gigajoules. This 
massive magnetic field, more than two million 
times that of Earth, is produced in some of the 

largest elements in ITER. 

The poloidal field system consists of six 
superconducting rings that wrap around the 18 
toroidal field coils. The poloidal rings use NbTi

superconducting cable which yields a maximum 
field strength of 6 Tesla with 4 gigajoules of 

magnetic energy. The poloidal field system is 
meant to shape the outer edges of the plasma 
and keep it from exploiting the weak points in 
the field that the TFCs cannot cover effectively. 

ITER’s central solenoid stands 18 meters tall and 
is situated in the center of the donut shaped 
reactor. It is made up of six independent coil 

packs that produce a combined maximum 
magnetic field strength of 13 tesla in the center 
of the device. Although the central solenoid is 

tasked with adding to the poloidal field strength, 
its main task is to induce a current into the 

plasma. 

The correction coils are very small magnetic field 
generators within ITER. Their main purpose is to 

compensate for any error made in the 
production of either the toroidal or poloidal field 

coils. A current of 18kA runs through their 
superconducting strands, allowing operators to 

fine-tune the magnetic field and react to any 
irregularities in order to keep the reaction going.

THE ITER PROJECT
ITER stands for the International Thermonuclear Experimental Reactor, and was

first set into motion in November of 1985, during the Geneva Superpower Summit.
The following year an agreement was reached stating that the United States, the
Soviet Union, Japan, and the European Union would collaborate in the design and
construction of an international fusion reactor. In 2005 the location for the reactor
was agreed upon to be Saint Paul-lez-Durance, in southern France. The main goal of
ITER is to prove that energy from fusion is not only possible, but practical as well.

Nb3Sn SUPERCONDUCTING STRAND
Nb3Sn superconducting strand is the primary strand utilized within ITER’s

electromagnetic field systems. The construction of the Nb3Sn conductor is being
handled by 6 different domestic agencies spread over three different continents.
There are three main steps involved with the construction of the Nb3Sn conductor. A
cross sectional diagram of the strand is shown in the above figure and depicts how
the Nb3Sn filaments are arranged along with the copper wrapping. The wrapping
provides a path of low resistance for the current to follow if the superconductor
begins to quench, and the layer of Nb or Ta is present as a boundary to ensure that
the tin within Nb3Sn does not react with the copper wrapping.
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