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ABSTRACT: The main aspect in magnetic levitation systems are controlling the parameters by using the different
controlling methods. Magnetic levitation system is used to levitate object by using attraction force or repulsive force
between magnetic force and ferromagnetic material. The levitation of an object is possible using a control system to
help stabilize the magnetic force. This report discussed on modelling and control of the magnetic levitation system.
The magnetic suspension systems are based on maglev trains classified in two classes: electrodynamic
suspension(EDS) and electromagnetic suspension(EMS it may be difficult to design a linear controller which gives
satisfactory performance, stability, and disturbance rejection over a wide range of operating points. in this paper PID
controller based on discontinuous mathematical model of the system for an electromagnetic suspension system which is
applied in magnetic trains has been designed .

I.LINTRODUCTION

Magnetic levitation (maglev) technology is mostly used in different fields such as high speed trains [1],
magnetic bearings [2],and photolithography steppers for reducing friction due to mechanical contact, for low
maintenance cost, and reaching high precision positioning [3]. . Commonly, magnetic levitation techniques are divided
into two types: electrodynamics suspension (EDS) and electromagnetic suspension (EMS). EDS systems are generally
called as “repulsive levitation”, and the sources for levitation are from superconductivity magnets / permanent magnets.
Another type, electromagnetic suspension systems are generally expressed as “attractive levitation”, and this magnetic
levitation force is completely unstable because of that the control problem becomes more complex. In this paper, the
EMS plan is used for the basic levitation force of a linear magnetic levitation rail system, and the respective levitated
positioning and the major objective of stabilizing control of magnetic levitation control system of manipulating through
man model-free control schemes. The absence of contact in these systems reduces noise, component wear, vibration,
and maintenance costs [5]. However, they are nonlinear and have unstable dynamics and proper performance of these
Systems greatly depend on their control strategy.

Electromagnetic Suspension

The EMS is an attractive force levitation system where electromagnets on the vehicle interact with and are
attracted to ferromagnetic rails on the guide way. The inherently unstable attractive magnetic force must be
continuously and quickly adjusted by servo control of the current in the magnetic winding. Otherwise, the suspended
vehicle would rapidly crash. Because an EMS system usually operates with small air gaps (10 mm), maintaining
control becomes more difficult as the speed becomes higher. However, an EMS system is able to levitate by itself at
zero or low speeds, since the attractive force is independent of the speed.

Figure 1 shows the levitation technology used in Trans rapid maglev trains. It uses a T-shaped steel guideway upon

which ride vehicles with J-shaped extensions that wrap around the guide way. The support magnet levitates the train
and the guidance magnet keeps the train cantered on its track. This levitation technology is favourable for high-speed
operation because levitation and guidance do not interface with each other.
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Figure 1 EMS levitation

Electrodynamic Suspension

The EDS levitation technologies may be divided into two types: the superconducting magnet type and the permanent
magnet type. The design uses U-shaped elevated guideways with sidewalls containing levitation coils, some below and
some above the level of the superconducting magnets on the maglev vehicles (see in Figure 2). As the train passes the
superconducting magnets, an electric current is induced in the coils. This temporary current creates a temporary
magnetic field that either has repulsive interactions with the superconducting magnets (coils below) or attractive
interactions (coils above), resulting in a net upward force that levitates the train. The coils are also arranged such a way
that any lateral movement by the train creates repulsive forces on either side of the train, thereby keeping the train
centred on the track. An EDS system is stable magnetically, and it is unnecessary to control the air gap (around 100
mm). The large air gap between the vehicle and guideway means that the system is reliable for different variation of
loads. Therefore, an EDS system is highly suitable for high-speed operation.

/ B

Figure 2 U-shaped guideway in EDS levitation

Inductrack

Figure 3 shows the basic composition of an Inductrack system [5]. In this method, the permanent magnets are
set up on the car, and the shorted coils on the ground. The permanent magnets on the vehicle side are positioned
continuously in the direction of the magnetic poles. In addition, the shorted coils on the ground side are positioned so
that they form a chain along the longitudinal direction of the magnetic field created by the coils on the vehicle side, and
they are closely packed in that direction. When the train is in motion, the magnetic field from these magnets induces
repelling currents in a closed-pack array of shorted conducting circuits in the track.
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Figure 3 Inductrack system
I1. POSSIBLE CONTROL METHODS

PID Control

The PID control method has advantages like simple control structure and ease of design. EMS strategy and LIM are
utilized for the fundamental levitation and propulsion forces of a linear maglev rail system. A PID control system is
designed to achieve the stable balancing of the maglev platform in practical applications.

Robust Control

There exist many uncertainties in maglev systems, such as parameter perturbation, unmodeled dynamics, and external
disturbances.Robust control methods, such as H2 and Hoo control, present better performance compared to classical
control methods. Weighting functions are employed in to attenuate the resonance peak at low frequencies in the closed-
loop system. The controller obtained in has a lead-lag phase characteristic, and phase lead occurring in low frequencies
produces closed-loop stability.

Intelligent Control

Since maglev systems are highly nonlinear, intelligent control methods, such as neural network, fuzzy logic, and
genetic algorithm are used to capture the dynamic behaviour and to achieve high- performance gap control. In , neural-
fuzzy inference networks are used to capture the dynamic behaviour of a maglev vehicle. It is observed that the closed-
loop maglev system is entirely robust to an external disturbance.

IH1.SYSTEM MODEL

The model of the electromagnetic levitation system is shown in Figure 4, where, m is the mass of the levitating magnet,
g is the acceleration due to gravity, d is the vertical position of the levitating magnet measured from the bottom of the
coil, f is the force on the levitating magnet generated by the electromagnet and e is the voltage across the Hall effect
sensor.

;

+0

I—lh
ol o

—
Az

-

TG

Figure 4 Electro Magnetic Levitation System
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The force applied by the electromagnet on the levitating magnet can be closely approximated as

The voltage across the Hall effect sensor induced by the levitating magnet and the coil can be closely approximated as
4B 1 4o~
€ = v b0 — i 7,
where o, B and y are constants that depend on the Hall effect sensor used as well as the geometry of the system and n is

the noise process that corrupts the measurement.

Let

T = [ xr1 To I3 } = [ d d i }

be the state of the system, z = d be the controlled output, y = e be the measured output, u = v be the control input and w
= n be the disturbance/noise input, the standard state equation description of the system can be written as

ro
L | E
s =Y
——— +
o — e o ‘% 9
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The Jacobian linearization of the system about the equilibrium point is

b = Ao + Biow + Boou,
0z = C10x + D11ow + Dis0u,
oy = Codxr + Do1ow + Dosou,

0 =2 — Tp, OW =W — W,,

where,

0U=1U—Up, 02=2 =2, 0Y =1 =1

Then the system is
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where
9
we =0, 2, = 1 and yp = 3/11," — Y13 + 0.

The transfer matrix of the linearized system is

- aR -
0 7-115.6[,
Ry 4g(gmR) 1/4
(s + f)[c. — —(k?u.e)l/ﬁl ]
= T2 {zﬁz-ﬂgmgmﬁ)m  Ayg(gmR)!/*
1 L Lu,(ku,)3/* L(ku,)/4
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L - L (K, )t/4 i

Where, AZ(s), AY (s), AW(s) and AU(s) are the Laplace transforms of  z(t), & y(t), & w(t) and & u(t), respectively. In
this derivation, the back emf induced by the moving levitating magnet is ignored as it is very small. If the Hall effect
sensor is located below the levitating magnet, then v is also very small and it can also be neglected. The values of these
coefficients are as follows: Designed controller will have steady state error. Therefore, an integral controller is
employed to overcome this problem. The gain of integral controller should be regulated according to the desirable
performance.
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IV. SIMULATION & RESULTS

Magnetic levitation
submodel of limits
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A controller is designed for an EMS with specifications listed in table.1 and its uncontrolled Bode diagram is
shown in Figure 4. It is clear from this diagram that the uncontrolled system is unstable. The value of integral controller
gain is selected by try and error method. However, it can be incorporate in state feedback and calculated as optimal
gain. The dynamic performance of the EMS is then simulated under the proposed control system.
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Figure 4 Bode Diagram Of System
i/p count F(x) Max.constra | Step-size | 1%order
int optimal
0 1 0 0.7166 | ----- | -
1 14 0 0.03987 0.020 0.0366
2 21 0 0 0.052 0.0199
Kp = 0.4501, Ki=3.0156 Kd=0.0021,
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Figure 5 practical magnetic levitation ball

V. CONCLUSION

One of advantages of this controller rather than previous presented methods is this that all possible errors of desirable
air gap can be ruined when vast change or disorder accrued by choosing an integral controller .Also integral portion
changes have been considered and it has been showed that correct choosing of integral portion can decrease the time
necessary for steady state mode. Also correct choosing of integral portion helps to decrease system time reaching to
stability mode.

These low-cost magnetic suspension kits provides with an open- ended design problem. The performance of the
basic system is designed to be inadequate, allowing students to apply their knowledge to implement improvements in
sensors, magnetics, power electronics, and compensation electronics.
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