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Abstract—. Paper digest outlines the numerical modeling of an
electrodynamic maglev vehicle utilizing a steady-state eddy
current modeling approach. The maglev vehicle’s electrodynamic
wheels are modeled utilizing an equivalent fictitious magnetic
charge sheet. The predicted torque utilizing this approach is
compared with the experimentally measured dynamic values.

Index Terms—Eddy currents, Electromagnetic modeling,
Magnetic levitation,

I. INTRODUCTION

Electrodynamic maglev vehicles utilize eddy currents to create
the suspension forces [1, 2]. By mechanically rotating
magnetic rotors above a conductive aluminum plate eddy
currents will be induced in the plate [3, 4]. The induced eddy
current field will interact with the magnetic rotor to create
tangential force, F,, normal force F,, and lateral force, F,.
This concept is illustrated in Fig. 1(a) and a constructed
2 pole-pair Halbach rotor is shown in Fig. 1(b). By rotating
the magnetic source the detrimental drag force typically
present in electrodynamic maglev systems [1, 2] can be used to
create thrust.
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Fig. 1 (a) Finite element analysis model of a two pole-pair Halbach rotor
rotating and translationally moving above an aluminum plate guideway, (b)
Experimental 2 pole-pair Halbach rotor.

An experimental setup shown in Fig. 2 and Fig. 3 has been
constructed in order to understand the dynamics when a
vehicle utilizing four magnetic rotors, also called
electrodynamic wheels (EDW), is operated. The vehicle has
been kept translationally stationary and a 1.2 diameter
guideway wheel which is being used to represent the flat
aluminum track is rotated to simulate translational motion.

In [5] the 3-D forces were derived when utilizing the
concept of a fictitious equivalent magnetic charge sheet
function pn(x,0,2) located at the conductive sheet surface
(y=0). The concept of equivalent magnetic charge is often
utilized to model individual magnets [6, 7] but a magnetic
charge sheet can also be utilized to replace an entire complex
magnetic source such as a Halbach rotor [8]. It was shown in

[5] that the magnetic energy due to the magnetic source and
the reflected field is given by
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where ¢” is the magnetic scalar potential created by the

induced eddy currents. The integration is taken over the full
surface of the fictitious magnetic charge sheet, pn(x,0,2).
Utilizing (1) the force, torque, T, and power, P, supplied by
the rotating magnetic rotor are respectively [5]
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where w,=mechanical angular velocity of the rotor (rads™) and
p=number of pole-pairs.
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Fig. 3. Guideway setup with an in-line gear reducer and DC braking motor.

In order to understand the dynamic coupling between the
forces, the experimental setup has been designed to prevent
motion along the x and z directions as well as angular yaw.
Four laser sensors are located at each corner of the vehicle and
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provide high fidelity air-gap displacement information. The
vehicle is able to move in the y direction (heave) as well as
rotate around the x and z axis (pitch, roll) as illustrated in Fig.
4. The heave, pitch and roll motion are defined as:
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where subscript f=front, b=back, I=left, r=right. W=width
between vehicles sensors and L=length between sensors.

Fig. 4. Maglev vehicle coordinate definition.

By experimentally sensing the current drawn by the brushless
dc (BLDC) motor controllers the torque required will be

T=FkI, (8)
where k=0.0404N.m/A is the torque constant for the BLDC
motor. The variation in the airgap, EDW wheel RPM and
guideway speed are shown in Fig. 5. Utilizing the values
measured from the experimental setup the torque calculated
using (3) is shown in Fig. 6 along with the measured torgue.
Also Fig. 6 shows a comparison of output power for the
measured and analytic model. The full paper will present a
more complete comparison between experimental and
numerically calculated forces using the 3-D eddy current
model developed in [5]. Numerical approaches using 3-D
eddy current stiffness and damping equations derived in [5]
will also be utilized to minimize the heave, pitch and roll
motion.

CONCLUSION

This paper outlines the application and validation of an
analytically derived (but numerically computed) 3-D eddy-
current force and torque calculation approach for an
electrodynamic wheel maglev vehicle.

REFERENCES

1] M. T. Thompson, "Practical issues in the use of NdFeB permanent
magnets in maglev, motors, bearings,and eddy current brakes," Proc. of
the IEEE, vol. 97, pp. 1758-1767, 2009.

[2] K. R. Davey, "Analysis of an electrodynamic maglev system,” IEEE
Transactions on Magnetics, vol. 35, pp. 4259-4267, Sept. 1999.

[31 N. Fujii, G. Hayashi, and Y. Sakamoto, "Characteristics of a moving
magnet rotator over a conducting plate," IEEE Trans. on Magn., vol. 41,
pp. 3811-3813, Oct. 2005.

[4] J. Bird and T. A. Lipo, "Modeling the 3-D rotational and translational
motion of a Halbach rotor above a split-sheet guideway," IEEE Trans.
on Magn., vol. 45, pp. 3233-3242, Sept. 2009.

[5] S. Paul and J. Z. Bird, "Three-Dimensional Eddy Current Damping and

Stiffness Matrices for a Conductive Plate,” submitted to IEEE
Transactions on Magnetics, 2013.
[6] H. L. Rakotoarison, J.-P. Yonnet, and B. Delinchant, "Using

coulombian approach for modeling scalar potential and magnetic field
of a permanent magnet with radial polarization," IEEE Trans. on Mag.,
vol. 43, pp. 1261-1264, 2007.

[7] L.-L. Tian, X.-P. Ai, and Y.-Q. Tian, "Analytical model of magnetic
force for axial stack permanent-magnet bearings,” IEEE Trans. Mag.,
vol. 48, pp. 2592-2599, Oct. 2012.

[8] S. Paul, D. Bobba, N. Paudel, and J. Z. Bird, "Source Field Modeling in
Air Using Magnetic Charge Sheets," IEEE Trans. Magn., vol. 48, pp.
3879-3882, 2012.

15
R
§ WWW
2 10
<~ o
- £
o E
>~ 5
g S
s MM
0
0 5 10 15 20 25 30 35 40
4000
% 3000
L /—,
S 2 2000 e
L -
3 1000
=
0
0 5 10 15 20 25 30 35 40
05
>
T ~ [ I ‘ |
=0
3= 03
z2
25 0.2
(5]
(<5}
s~ o1
0 5 10 15 20 25 30 35 40

Time (s)
Fig. 5. Measured airgap, EDW rotor RPM and guideway velocity
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Fig. 6. Comparisons of the rotor torque and output power between analytic
and experimentally measured values are shown.



