
1 MAGLEV: Magnetic Levitation Plant

1.1 System Description

1.2 Maglev System Representation

A schematic of the MAGLEV plant is represented in Fig. below. The MA-
GLEV systems’s nomenclature is provided in Section 1.3. The positive di-
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rection of vertical displacement is downwards, with the origin of the global
Cartesian frame of coordinates on the electromagnet core flat face. Although
the ball does have six degrees of freedom, in free space, only the vertical(x)
axis is controlled. It can also seen that the MAGLEV consists of two main
systems: an Electrical and an electro-mechanical.

1.2.1 Electrical System Modeling

Derive the mathematical model of MAGLEV electrical system. The resulting
model will provide you the open-loop transfer of coil voltage to coil curent
unction Gc(s) = Ic(s)

Vc(s)

1.2.2 Electro-Mechanical System: Non-Linear Equation of Mo-
tion (EOM)

Using the notations and conventions described in Fig. and hints below, derive
the Equation of motion (EOM) of MAGLEV electro-mechanical system.
Hint 1: The attractive force, Fc generated by the electromagnet and acting
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on the steel ball is assumed to be expressed as

Fc =
1

2

KmI2
c

x2
b

for0 < xb (1)

Equation (1) shows that the pull of the electromagnet is proportional to the
square of the current and inversely proportional to the air gap (a.k.a ball
position) squared.
Hint 2: The Newton’s second law of motion can be applied to the steel ball
Hint 3: Express the resulting EOM under the following format:

∂2

∂t2
xb = f(xb, Ic) (2)

where f denotes a function.
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1.3 Maglev Model Parameters
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