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I. Background
To understand how permanent magnetic braking works, it is important to first understand how electromagnetic field is created. Eddy Current—the
electrical current that is created when there is a change in magnetic field in the conductor . The Eddy current is normal to the magnetic field lines which
acts as a solenoid itself. As a result, according to Lenz’s law of electromagnetic induction, the Eddy current produces its own magnetic field that flows in an
opposite direction as the initial magnetic field that created it. Hence, the moving object, can be magnets or the conductor, moves slower dues to the
magnetic drag force.

II. Material Selection 
To find a proper material, a few factors are considered. With magnetic
braking, heating also one of the issues especially with permanent magnets. It
can only operate until a certain temperature and then it will thermally
deform which result in lessening the magnetic field strength. To make sure
that it does not happen, the operating point and temperature of the magnets
need to be known. To do that, demagnetization curve or BH curve is used. It
is a curve that describe the thermal properties and quality of the magnet.
The BH curve is the second quadrant of the hysteresis loop, a graphical way
to describe how a conductor becomes magnetized.

III. Braking Force
The magnetic drag force acts as the braking force that is now
commonly used in many industrial processes. The braking force is
calculated using an equation from a study of Tamkang University,
Taiwan . The force is based on the ohm’s law and Lorentz force— a
force that exerts on the particle by electric and magnetic field .

IV. Cancellation Force
The cancellation force is a force that is created by the solenoid. Instead of 
using the solenoid to brake, the electromagnetic coil is used to counteract 
the permanent magnetic field so that the pod can move forward. The 
cancellation force is also calculated using the Lorentz force. However, the 
cancellation force is derived from the kinetic energy of the magnetic flux 
density:                                               𝐾𝐾𝐾𝐾 = 1
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Where:
N = the number of turns of the coil
𝜇𝜇 = permeability that depends on whether the conductor is inside the coil or
before it going through the coil

The conductor in this case is 6061-T6 Aluminum
rail that is roughly one mile long. According to
Notre Dame University[2], the conductivity of the
metal is:

V. Disadvantages and Advantages
Since SpaceX requires the pod to have fail-safe system—the system
must have ability to brake without electricity, permanent magnetic
braking is ideal because it solely uses Eddy currents to brake, and no
power is needed. There are also a few disadvantages of permanent
magnetic that needs to be taken into consideration. One of the
problems is that the magnets can lose magnetic strength over time if
the temperature is hot to the point that it passes the critical limit that
the magnet can handle. Other drawback would be heavy weight, high
attraction force, and expensive rare earth magnets. The advantages
are no friction hence no damage on the rail, simple design and
concepts, and suitable with the pod’s dimension.

The size is determined using the
dimensions of the rail that
provided from SpaceX.
The nominal width of the magnet
must below:
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VII. References
With calculations and trade studies,
the magnetic braking system is not
as expensive as it was predicted.
Hence, the magnetic braking seems
to be very economical for the
hyperloop team to look into. Other
factors are not included in this
paper that can be important if
magnetic braking system is selected
to be on the pod.
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