
The electronic actuator (driver) is in charge of supplying the 
necessary electric energy to the electromagnet, so that it 
establishes the magnetic force on the metallic sphere. Therefore, 
certain important considerations for its design must be taken into 
account. The operation of this device is described by a block 
diagram. 

 

Fig. 4. A schematic representation of the Control Block Diagram. 

A. Maglev PID control  

 The input voltage is applied to a coil that creates the 
electromagnetic field, to measure this field a Hall Effect sensor 
as main sensor is used, and a distance sensor as feedback sensor 
is used as well. The output voltage represents the position of the 
capsule in the magnetic field.  

 The physical system consists of a capsule (mass 0.00037 kg) 
which is under the influence of three forces: 

 The magnetic field produced by an inductive coil. The force 
from the coil depends on the square of the current, the air-
gap between the coil and the capsule, and the physical 
properties of the capsule. This produces an upward acting 
force on the capsule. 

 The gravitational force acting downwards. 

 A damping force which acts in a direction opposite to the 
velocity at any instant of time. 

These three forces cause the resulting motion of the capsule 
and are modeled in Simulink as shown below. 

 

Fig. 5. Simulink block diagram for Maglev System 

B. Objective of PID Controller in Maglev System 

The controller’s basic function is to respond to any 

variations in the capsule’s vertical displacement from the 

electromagnet by taking necessary corrective actions. 

 

The PID controller reads the error voltage generated by 

subtracting a predefined ‘set point’ from the ‘measured’ 

variable. Corrective effort is initiated using this error voltage in 

three ways. 1. Proportional control ensures that the corrective 

action is proportional to the amount of error. 2. Integral control 

takes into account the time duration of the error and completely 

eliminates steady state offset. 3. Derivative control ensures that 

the controller output is proportional to the rate of change of 

error. The mathematical equation describing a PID controller’s 

behavior as follow:  
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Fig. 6. PID control and Simulink block diagram  

C. Programmable Multifunction I/O Card General 

Description  

A multifunction I/O card is used for connecting the PC to 
real world signals (maglev system signals). The card contains 
channels, digital input/output ports, PWM A/B output, etc. The 
card is designed and allows standard data acquisition and control 
applications optimized for use with Real-Time Windows for 
Simulink Googooltech. 

 
Fig. 7. Multifunction real time I/O Card 

Using the data obtained by magnetic hall effect sensors 

when the microcapsule; the one consisting of ferromagnetic 

material, is moved on the vertical axis, the air gap at the starting 

point is 4mm and its displacement is formed by steps of 1 

millimeter each one in downward direction, moreover figure 7 

shows each sensor’s trajectory, the amount of current is 

represented by relation distance (mm) vs magnetic field (T), 

some interesting that is made here, is related to the yellow line, 

which represents a signal filter of all sensors connected to the 

system, it is mean that we have the better data average which 

comes from all points of the system core. 

 

 
Figure 8. Chart of hall effect sensors and filter signal in maglev system 

 

 The system coefficients in (23) can be identified through an 

experimental approach. A series of experiments is arranged to 

14


