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Abstract. The engagement of students is frequently one of the greatest challenges faced by educators. Whenever
possible, applying concepts to a playful context might help trigger some interest, especially in a field as practical and
with abundant examples as engineering. This paper presents the implementation of a magnetic levitator controlled
through the LabVIEW software, aimed at the teaching of data acquisition and control concepts. Magnetic levitation
was chosen as scenario for the fascination it naturally exerts on students. Both the hardware (the mechanical structure
and electric circuit) and the software are detailed in the paper. The levitator is comprised of a coil and a magnet
guided by a nylon rod. There is a temperature sensor inside the coil and a fan can be turned on to keep it from
overheating. A laser sensor reads the height of the magnet. The sensor signals are wired into an acquisition board.
Board analog and digital outputs are wired into the bridge of PJT darlington transistors and can be used to control the
height of the magnet. All board inputs and outputs can be read/written in a LabVIEW interface. With this setup, the
magnetic levitator can be presented to students for the creation of a control algorithm or for the study of the
acquisition device.
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1. INTRODUCTION

The Magnetic Levitation phenomenon has been studiethe purpose of high performance trains sirg@4lwhen
Hermann Kemper, from Germany, patented it (Lee, Kind Lee, 2006). Hillebrand (2008) affirms that fivst
prototypes, from a joint venture between Siemensah@ ThyssenKrupp AG, appear in 1969 and 1979, hexvéhe
first high-speed based on Magnetic Levitation wasned for public use in 2003.

According to Dolga and Dolga (2007), the Magnetavitator, also named MagLev, is a mechatronic systad is
frequently an object of study in mechatronic cosysiie to the synergetic interaction of the sensmstrollers and
actuation systems. The historical description oEMgronics is a combination of the subjects of tieal Engineering,
Mechanical Engineering, Computer Engineering anglidd Control Engineering (Grimheden and Hanso®120

Craig, Kurfess and Nagurka (1998), Hurley, Hyned #dlfle (2004) and Santos, Camargo and Nasciménto
(2010) also proposes the MagLev example for ungredand graduate education. The experiment topphmged in a
coil in the top to generate the electromagneticddo pull and levitate a piece of metal in thetdoot is the same in
these papers.

This paper presents a magnetic levitator developmsing a graphic programming language. It is alfproject
from an ITA (Instituto Tecnoldgico de Aeronauticajbject about Data Acquisition in LabVIEW. The altiee of this
work, based on study programs, is detailed on Eigur
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Figure 1 - Project objectives.
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2. MAGNETIC LEVITATOR

The MagLev is based on the magnetic and electroetageffects. The attraction and the repulsion dsrbetween
two magnets are well known, and since 1820, basestudies by Hans Christian Oersted, is possiblesto electric
current to generate a magnetic force, named eleefgaetic force (Aradjo and Muller, 2002).

The basic knowledge necessary to understand thénatrteaic magnetic levitator is the permanent magnet
attraction and repulsion effect. If different polEfstwo magnets are aligned, the magnetic fieldim® a force to attract
each other and when the same pole of a pair of etagme aligned, the force created by the magfielitwill repulse
them. Figure 2 shows the attraction and repulsassibilities for two magnets.

Figure 2 — Possibilities of attraction and repuisior two magnets.

Lee, Kim and Lee (2006) studied the magnetic l¢witéor trains and described two different forms levitation:
electromagnetic suspension and electrodynamicesgsp.

Electromagnetic suspensids accomplished based on the magnetic attractocefbetween two electromagnets.
This method is unstable and, excluding the possitof interaction of two permanent magnets, camizle by three
different ways. The fist way, presented on Figur@) is to install an electromagnetic coil on tbp to control the
magnetic field and levitate a permanent magnetherbbttom. Another possibility is to install a pament magnet on
the top to control an electromagnetic coil on té&dm, as shown in Figure 3 (b). Finally, it is pite to install two
electromagnetic coils on the top and on the bottetail (c) in Figure 3.

(b) (©)F—

Figure 3 - Electromagnetic suspension methods.

Electrodynamics suspensiases the repulsive force for levitation, while #lectromagnetic suspension uses the
attraction force. As on the other method, it isgilole to use three different arrangements, asestrelmagnetic coil on
the bottom to control the levitation of a permanmaignet on the top presented on Figure 4 (a). Basddgure 4 (b), it
is possible to use a permanent magnet on the bottadnan electromagnetic coil on de top. Also, iesuswo
electromagnetic coils, one on the top and the aihehe bottom, as detailed in Figure 4 (c).

(@) (b)§

Figure 4 - Electrodynamics suspension methods.
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2.1. MagLev design

The most part of MaglLev projects developed for stusl purposes is based on the electromagnetic rsispe
presented on Figure 3 (a), as the work of Craigfées and Nagurka (1998), Hurley, Hynes and W{@@04) and
Santos, Camargo and Nascimento Jr. (2010).

This work is based on an electromagnetic levitatsing the electrodynamics suspension approach @asnsim
Figure 4 (a) for academics studies. The permanaghnet used is a cylinder with an inner hole guibe@ nylon rod; a
temperature sensor is installed in the coil coraneasure the internal temperature and activateokerceo avoid
overheating, and a distance sensor is installeshéasure the permanent magnet displacement. Tlasgament is
illustrated in Figure 5.
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Figure 5 - MagLev system arrangement.

A data acquisition system is connected to a compytex USB cable and the software to control tlyitesm is the
LabVIEW. The permanent magnet displacement is nmiedsoy a sensor connected on the first analog iopthe data
acquisition device (Al0). On the second analog frgfithis data acquisition (All) is connected teeperature sensor.
The current control of the electromagnetic coiniade by an electronic power system, but the currentinal value is
an analog value settled by LabVIEW on the firstlagaoutput of the acquisition device (AOOQ). Finalthe cooler
system follows the digital status of the first dédjioutput P1.0.

2.1.1. Electronic power system and the output $§gna

The electromagnetic system is composed by a copgikran iron core, a nylon rod and a cylindricarmanent
magnet with an inner hole. The force to push thempeent magnet upward is proportional to the ctireard an
electronic power drive system was developed torobtite current value.

This electronic power system uses an ordinary pdvemsistor, TIP120, that can work with currentstofA. An
amplifier circuit was developed to control the et in the coil, installed in the transistor colteac However, even
working right on the quiescent point of the tratmisthe collector current was not proportionaltite base current
because the transistor temperature variation dahiedully system operation.

In order to try to solve the transistor temperafureblem, a dissipation temperature device wasliest, but the
results were not satisfactory. The final solutiomsvibased on a circuit change to use an operatomglifier to control
the base current and correct the values in ord&eép the collector current stable. The analoguwutiged to control
the coil current value (AOO) is connected on the-imverting input and the emitter voltage is thedback value to the
inverting input. As a unit gain buffer, this opeoail amplifier will control the base current to imain the emitter
voltage equals the AOO voltage.

The collector current is almost the emitter currant could be calculated by the emitter voltageded by the
emitter resistor. This power circuit set up is preasn the

Figure6 (a). The coil voltage is 12V, but the power supigl4V, because the emitter resistor h@said the coil
resistance is about2 The maximum voltage in the coil is reached whHenttansistor is saturated, dividing the 24V in
two parts: 12V to the emitter resistor and 12t ¢oil.
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Figure 6 — Output power circuits.

The circuit to control the cooler system, as shawRigure 6 (b), is composed by a transistor wagkéis a switch.
When the digital output P1.0 is activated, the gistor will saturate and the cooler system willstart. The cooler
system will be stopped when the digital output R4 ot activated.

2.1.2. Analog input signals

The permanent magnet displacement is measureddseasensor. This sensor has a range from 50nir&Gmm
and the output variation is proportional to theeabjposition (OV to 10V). When the object is 50nmanfrom the sensor
the analog value is OV and the analog value chateg#8V if the object is 150mm far from the sensdre accuracy of
this sensor is 0,05mm and represents 0,005V ofubugsolution. The sensor is installed at the tbfne nylon rod and
the laser is aligned in the permanent magnet seirfaccording to the Figure 5, this sensor is ihsthin the analog
input AlO.

For the coil temperature measurement an NTC semasmused. The NTC is a resistor that decreasez$iwance
value when the temperature is increased. GenethltlyNTC curve is not linear, but for small valudsemperature,
about 0° to 100°C, the temperature will be congiddinear. This sensor does not need to be venyrats just inform
if the cail is hot enough to start the cooler sgstar if the value is already too high to keep tbeler system started
and shut down the coil power. The temperature seastonnected on the analog input All and thetee circuit
used is a voltage divider present on Figure 7.

{0

Figure 7 - Temperature sensor circuit.
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2.1.3. Data acquisition and software development
The data acquisition system used in this MagLeyegtds from National Instruments (2008), modelW\#B-6008

with 8 analog inputs, 2 analogs outputs and 12taigiputs or outputs (configurable). The resolutaf the analogs
inputs and outputs is 12 bits, around 2,44mV fotO\LOV and fits on the sensor resolution.

NI USB-6008
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Figure 8 - NI USB-6008 data acquisition system.

LabVIEW® is based on graphic language and usessiamstead of text to create software routines. Adiog to
Almeida et al (2010), LabVIEW® uses the data flavexecute the routines, while the conventional @ogning
languages use command lines.

During the programming process in LabVIEW, two eliint screens are available. The first one is tbatAPanel
with controls and indicators for the software oparand the second screen is the Block Diagramyevtiés possible
to create the graphic languages by the connecfibiooks with different functions.

Figure 9 presents the MagLev block diagram. Thedloutside the gray square (looping logic) aretedldo the
start and stop of reading and writing on the USEadeequisition board. Inside the looping logic thare the controls
and indicators, the mathematic operations, suchubiaction and division, and Boolean operations.
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Figure 9 - MagLev block diagram.
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The MagLev front panel is presented on Figure 10s Ipossible to visualize a graph that indicate thagnet
displacement and a vertical bar that present tliletemperature. A knob adjusts the voltage to tbevgr electronic
drive that will control the coil current. It is psible to adjust the temperature limit to contha tooler system and the
status (on/off) are present on a green LED. Als@assible to start or stop the cooler system imaaual button.
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Figure 10 - MagLev front panel.

3. CONCLUSION

This work present the development of a control dath acquisition software, based on a graphic laggufor an
electromagnetic levitator. The software LabVIEW®svweosen for this application.
The data acquisition using a USB device is comfmatiith the study propose of this MagLev, and offereasy

integration interface to read the sensors and wrgeoutputs.
It is possible to affirm that the actual power &lewic circuit suits in the requirement of keep todl current stable

and will be used in further works.
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