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Superconducting Magnets

I Introduction

A superconducting magnet is just like a
regular electromagnet, except that there is no
resistance to electricity. If it's a resistive coil,
power is lost and heat is generated. In
superconducting magnets there's no heat
generation and thus energy losses are not
present. This is why it is possible to power the
cables with higher currents, which leads to
magnets with more compact size. Additionally,
there's a low operating cost due to the fact that no
electrical energy losses occur during powering.
With traditional, resistive magnets, megawatts of
power need to be dumped for the equivalent
magnetic field. During operation, the magnet
windings must be cooled below their critical
temperature, the temperature at which the
winding material changes from the normal
resistive state and becomes a superconductor.
The operational temperature is about 4 Kelvin,
approximately -269 degrees Celsius for Low-
temperature superconductors (LTS). This is
achieved with the aid of some cryo-cooler like
liquid helium. The cost for helium is quite high, but
still, costs are less than what it takes to power a
resistive magnet. As R&D in materials science is
evolving, High-temperature  superconductors
(HTS) with much higher operating temperatures
have been discovered and are recently been
tested in magnet structures.

Superconducting magnets are used in MRI
machines in hospitals, and in scientific equipment
such as NMR spectrometers, mass spectrometers,
fusion reactors and particle accelerators.

I Accelerators & MRI

Particle accelerators use the electromagnetic
fields to propel charged particles to very high
speeds and energies, and to contain them in well-
defined beams. Large accelerators are used for
basic research in particle physics. The most
powerful accelerator currently is the Large
Hadron Collider (LHC) at CERN. Accelerators are
also used as synchrotron light sources for the
study of condensed matter physics. Smaller
particle accelerators are used in a wide variety of
applications, including particle therapy for
oncological purposes, radioisotope production for
medical  diagnostics, ion implanters for
manufacture of semiconductors, and accelerator
mass spectrometers for measurements of rare
isotopes.

Magnetic resonance imaging (MRI) is a
medical imaging technique used in radiology to
form pictures of the anatomy and the
physiological processes of the body in both health
and disease. MRI scanners use strong magnetic
fields, magnetic field gradients, and radio waves to
generate images of the organs in the body.
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Numerical Modeling
in Magnet Design

Numerical simulation is widely used in the R&D
of superconducting magnets. The cost of a
magnet and the very strict allowed tolerances is
such that any design iterations shall be made only
within a numerical environment. This process
leads to the optimization of the design which shall
be verified only by few, if not only one, prototype.

Numerical modeling is the only way to design a
successful superconducting device and enables
engineers amongst others:

* To calculate accurately the magnetic field

* To calculate the total amount of current needed
to achieve the adequate level of magnetic field

* To calculate magnetic harmonics

* To optimize the magnetic field quality

* To determine the optimum cross-section of the
magnet

Modeling by BEM
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BEM in EM design
of magnets

The Boundary Element Method (BEM) is the
method of choice for applications requiring
analysis of space around a device, and the exact
modelling of boundaries. BEM allows very
accurate field calculations. This methodology
produces accuracies not attainable by other
techniques such as Finite Element Method. The
basic difference is the fact that BEM only needs to
solve for unknowns on the boundaries, whereas
FEM solves for unknowns in the volume. Thanks
to BEM, only active regions require discretization,
allowing fields to be calculated anywhere in the
“world”. As a result, the boundary element
method is appropriate to simulate systems that
contain an infinite medium, such as
electromagnetic phenomena in magnets.



Superconducting magnets— PITHIA Software

I PITHIA: BEM software

FEAC offers the PITHIA software to solve EM
(electromagnetic) problems. Get realistic virtual
models of magnets with accurate knowledge of
the magnetic field by taking into consideration the
non linear behavior of ferromagnetic metals
(nonlinearity treatment with Newton-Raphson
iterative algorithm variations)

Capabilities

Magnetic induction — magnetic field intensity
calculation

Lorentz and Maxwell forces

Modelling of arbitrarily complex coil geometry
Simulation of non-linear ferromagnetic material
behavior

Optimization of superconducting coil magnetic
field

Methods

Coupled BEM/FEM scalar potential formulation
- Coupled BEM/FEM algorithm that
exploits both the advantage of BEM to
treat infinite domains and the
advantage of FEM to treat nonlinear
problems.

Coil magnetic field computation via Biot-Savart
law

Nonlinearity treatment with Newton-Raphson
iterative algorithm
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