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Abstract—The goal of this research project was to investige,
design and build a system that combines levitatioand wireless
power transfer systems using electromagnetic field§he system
is designed for levitating a small bulb which is paered
contactless by magnetic induction. This report sumiarizes the
development of both systems: the magnetic levitatofmainly
focused in the closed control loop) and the wirelsspower
transfer link to feed the light bulb.

Index Terms— closed loop systems, electromagnetic coupling,
magnetic levitation, wireless power transfer.

|I. INTRODUCTION

IRELESS power transfer is an emergent field in powe
electronics applications such as battery chargers f

mobile devices or electric vehicles, medical imddte
devices, home appliances, RFID, etc.

transformer, but removing its iron core. Since waveh
removed the core, the coupling coefficient (usuakyled k)
between the inductors has drastically decreasedsahighly
dependent of the distance and orientation of tlis.co

In order to improve the efficiency of the energgnisfer we
used the coupled resonators technique. It corisiskse use of
LC resonant circuits as energy emitters and receiwestead
of a single cail (Fig. 1).
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Fig. 1. Equivalent circuit of a coupled pair ofoeators with source
(left side of the circuit) and load (right side)noected.
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In Fig. 1 the inductors Ls and Ld are the air careits used

In this project we intended to build a demonstratio@S e€nergy emitter and receiver respectively, andafits Rd

prototype of a wireless power transfer link in whia given
device receives energy without any physical contact

Under the guise of creating an eye-catching system,
decided that the device was to float in the airviobsly
without any wire or thread). Therefore, we decidkdt the
device would employ an electromagnetic levitatipstem.

The idea is not new but the exercise is excellent
introduce students in a very interesting and fusteay based
in many areas of electronics and wireless systems.

Il. TECHNOLOGY OVERVIEW AND DESIGN

The project has been divided into two main parte t
wireless power transfer system and the magnetitateon
system. The combination of both systems is thd fijoal of
the project.

A. Wireless power transfer system

This technology is based in the usage of alteraatiux
magnetic fields to transmit energy between two atdts (air-
cored coils) without physical contact.

their parasitic resistances. Cs and Cd are capagitaced in
parallel to the inductors to form a resonant circBL is the
load (output) of the system and Vg is a frequenegegator
(input) with a given output impedance Rg. For properking
of the inductive coupling both circuits must be ¢dnat the
same resonant frequenayof given by (1).
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Other important point in the design of the syststhe
quality factor, called Q, of the resonant circuitstained by
2).
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Q= rad/s (2)

Where fo is the resonant frequency in Hz and BW the

bandwidth at -3dB in Hz.

Q could be interpreted as the ratio between theggrtbat
an oscillator is able to store and the dissipatestgy (due to
parasitic resistances) in each oscillation cyclee Righer the
Q, the higher the efficiency of the link, but highmeans that
the system will be more sensitive to componentrémiee due

The physical principle is the same as an electricaing|l detuning implies a dramatically lack of eifficcy.
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B. Magnetic levitator system

A magnetic levitator consists in a system capabléoat a
metallic or magnetic body by the cancellation ad\gtational
attraction by magnetic force. Those kind of systeams
inherently unstable, this is, the levitated obfatts down or it
gets stuck to the electromagnet.
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A picture of the system is shown in Fig. 2.

To achieve a stable levitation a closed contropl@oneed.
The control loop needs a feedback of the objecttipasto
control de magnetic force exerted on the objetréasing or
decreasing the current by the electromagnet).

In this project, since the levitated objet contamsmall
magnet, a Hall Effect sensor has been used. Thisose
provides a voltage at its output proportional te thagnetic
field measured. The sensor is placed under thereteagnet
and its output is proportional to the levitatedembjposition.

For very small levitators this method works propeBut
for larger electromagnets the magnetic field geeerdy the
electromagnet is similar or stronger than the gateerby the — |
magnet in the levitated object, causing an undelgira Fig-4. Prototype of the proposed system.
feedback and instability. The prototype results in a stable levitation andrkivig

To solve this problem a second Hall Effect sensm heen wireless power transfer link. The efficiency of tliek was
used, placing it at the top of the electromagnet @ing both only 12% (theoretical calculations gave a maximuné@
sensors to obtain a differential measure. for this scenario) due not considered parasitiec$f and
impedance mismatching. Therefore, is ten timestgrahan
the efficiency of the non-resonant circuit link.

1 Upper Hall sensor

IV. CONCLUSIONS

It is possible to transfer energy through the a&ing low
frequency non-radiative magnetic fields and is catifye
with other electromagnetic sensitive systems anzlits, but
is necessary to improve the efficiency of the link.

In this work, the student combined many disciplines

Electromagnet

Levitated

\ ; g i ; considered "hot" topics for the industry today: lagaand
object, with a Lower Hall sensor digital electronics, control theory, wireless teclugy,
permanent _

electromagnetism, resonant systems, etc. Diffesefitvare
and measurement tools and instruments were neegled t
develop the work.

magnet inside ':-":-

same magnitude of the electromagnet’s magnetid, fielt only the lower Hall V. MTT-S SCHOLASHIP EXPERIENCE AND FUTURE PLANS
sensor is sensitive to the magnetic field generbgethe permanent magnet.
With differential measurement the undesirable feeé@tzould be cancelle

In order to ensure the compatibility between botstems,
the resonant frequency of the resonator circuitaioed in (1)
should be higher than the bandwidth of the HaleEiffsensors

to avoid interferences. plans, | am pleased to say that | have found secanethe RF

The selected senspr was the Hongyvv_ell 5495, thes, and Power Electronics at Cerler Global ElectrorassR&D
resonant frequency will be 60 kHz, which is abdwve tut-off Engineer.

frequency of the sensors. A prototype was builg(FE and
Fig.4 ) using a LED as system load with a consuomptif 180 V.
mw.

For the wireless power transfer system a pléitawire coil
of 38 pH and 0.0%2 was used as emitter and an air cored co
of 10 uH and 0.12 as receiver.

The MTT-S Scholarship gave me the opportunity to
improve my end-of-degree project to finish my BS in
Telecommunications Engineering and reinforced my in
interest in RF electronics engineering. As for miufe career

ACKNOWLEDGEMENT

The author would like to thank the Group of Power
lectronics (GEPM) of the Aragoén Institute of Enggning
esearch (I3A) for the support in the project depeient,
Texas Instruments for donation of the developmeiards. He
and the MTT-S from IEEE for the Undergraduate Satstlip.

REFERENCES

[1] T. H. Wong, “Design of a Magnetic Levitation Coritr8ystem -
AnUndergraduate Project”. IEEE.
[2] Morris Kesler. “Highly Resonant Wireless Power Tsfem: Safe,

Fig. 3. Levitated object. It contains the receiueil (covered with black Efficient, and over distance”. WiTricity Corporati, 2013.
tape), the resonant circuit, the permanent maghnese neodymium disks), a [3] José |. Artigas, Luis A. Barragan, Sergio L]orep&é_vare Marco.
LED with a silicon diffusor and a rectifier circuio power the led. Total Levitador magnético de muy bajo coste con finesidtidos™. SAAEI

weight is 80 ql 2010.



