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Development and Testing of a  
Radial Halbach Magnetic Bearing 

 
Dennis J. Eichenberg, Christopher A. Gallo, and William K. Thompson 

National Aeronautics and Space Administration 
Glenn Research Center 
Cleveland, Ohio 44135 

Summary 
The NASA John H. Glenn Research Center has developed and tested a revolutionary Radial Halbach 

Magnetic Bearing. The objective of this work is to develop a viable non-contact magnetic bearing utilizing 
Halbach arrays for all-electric flight, and many other applications. This concept will help reduce harmful 
emissions, reduce the Nation’s dependence on fossil fuels and mitigate many of the concerns and 
limitations encountered in conventional axial bearings such as bearing wear, leaks, seals and friction loss. 
The Radial Halbach Magnetic Bearing is inherently stable and requires no active feedback control system 
or superconductivity as required in many magnetic bearing designs. The Radial Halbach Magnetic 
Bearing is useful for very high speed applications where conventional bearings cannot be used including 
turbines, instrumentation, and medical applications. In addition, this technology has potential application 
in ultra-efficient motors, computer memory systems, manufacturing equipment and space power systems 
such as flywheels. 

The Radial Halbach Magnetic Bearing employs many advanced technologies. The innovative 
physical layout consists of a rotor and a stator. The rotor is contained within a static shell assembly or 
stator. Magnetic fields suspend and support the rotor assembly within the stator. Advanced technologies 
developed for particle accelerators, and currently under development for maglev trains and rocket 
launchers, served as the basis for this application.  

A small scale experimental hardware system was successfully designed and developed to validate 
the basic principles described, and the theoretical work that was performed. The report concludes that the 
implementation of Radial Halbach Magnetic Bearings can provide significant improvements in rotational 
system performance and reliability. 

Introduction 
The NASA Glenn Research Center has a wealth of experience in Halbach bearing technology 

through the Fundamental Aeronautics Program. The goals of the program include improving aircraft 
efficiency, reliability, and safety. The Radial Halbach Magnetic Bearing discussed in this report was 
developed under the Fundamental Aeronautics Program.  

The electromagnetic concept of the Radial Halbach Magnetic Bearing uses permanent magnet 
elements attached to the circumference of the rotor, and wire coils placed in the stator shell. The 
permanent magnets are arranged in a “Halbach” configuration which results in the production of a 
sinusoidally varying, periodic magnetic field in the vicinity of the stator coils. This magnetic array 
configuration was pioneered by Klaus Halbach for use in particle accelerators (ref. 1). When the rotor is 
set in motion, the time varying magnetic fields interact with the passive coils in the stator assembly to 
produce repulsive forces between the stator and the rotor providing magnetic suspension. The system is 
inherently stable once the rotor reaches critical speed, and thus requires no active feedback control or 
superconductivity as seen in many traditional implementations of magnetic suspension.  

Theoretical derivations have been developed to predict the levitation forces generated by a circular 
Halbach array and coil assembly. Finite element analyses were then performed to validate the theoretical 
derivations. Finally, experimental hardware was successfully designed and developed which served to 
validate the basic principles described and the theoretical work that was performed.  
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aluminum endplates fastened to the hub with non-magnetic stainless steel screws. Total weight of the 
assembled rotor is 94 g (0.21 lb). 
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Table 1.—Radial Halbach magnetic bearing test matrix 
Parameter Stator  

(in.) 
Gap  
(in.) 

Speed  
(rpm) 

Termination 

4 in. single turn r-z 
stator pole 

4 and 2 in. 0.110, 0.160, 0.210 100, 250, 500, 1000, 
2000, 3000 

Open circuit, short circuit, 
inductor 

4 in. six turn r-z  
stator pole 

4 and 2 in. 0.110, 0.160, 0.210 100, 250, 500, 1000, 
2000, 3000 

Open circuit, short circuit, 
inductor 

1 in. single turn r-z 
stator pole  

1 in. 0.010, 0.025, 0.040 100, 250, 500, 1000, 
2000, 3000 

Open circuit, short circuit, 
inductor 

1 in. six turn r-z  
stator pole 

1 in. 0.010, 0.025, 0.040 100, 250, 500, 1000, 
2000, 3000 

Open circuit, short circuit, 
inductor 

 

Test Results 
4-in. Test Model Results 

Tables 2-5 summarize the results for the 4-in. radial test model. The tables include data for the 
analytical model, measured data and the FEA model, respectively. The data were obtained at 1000 rpm 
for three cases--the short circuit case and using the two series coils. A complete set of data for all 
rotational speeds is presented as a series of plots (A-1 through A-12) in the appendix.  

Predicted and measured open circuit voltages generally agree within 5 percent for nearly all speeds 
in all three cases. At speeds of 1000 rpm or less, predicted and measured currents generally agree within 
10 percent. At speeds above 1000 rpm, the predicted currents significantly exceed the measured values. 
In contrast, when using either series coil, the measured current significantly exceeds the predicted values 
at speeds above 1000 rpm. Predicted and measured values of lift force generally agree within 10 percent 
when using series coil #2. However, the predicted lift force significantly exceeds the measured values for 
the shorted winding, and the measured values significantly exceed the predicted value for series coil #1. 

The greatest force production without a significant increase in temperature occurred with the 4-in. 6-
Turn stator operating with the 0.11 in. air gap and series coil #2. Under these conditions, the model 
produced 0.151 kg-force at 3000 rpm with a lift/drag ratio of 2.4.  

Of particular interest is the dependence of the generated lift force on the axial length, H, of the stator 
winding. Comparing the results for the H = 4 in. and H = 2 in. cases, note that doubling the axial length of 
the winding typically more than doubles the lift force produced. This effect is due to the fact that H linearly 
factors into both the flux calculation and the Lorentz force calculation. However, force production does not 
truly vary as H2 since R and L are, respectively, linear and non-linear functions of H. Unfortunately, this 
same effect applies to the drag force as well, so the additional lift force comes with a price. 

1-in. Test Model Results 

Tables 6-7 summarize the induced voltage, current, lift force and power dissipation results for the 1-
in. radial test model. The tables include data for the analytical model, measured data and the FEA model, 
respectively. The data were obtained at 1000 rpm for two cases--the short circuit case and using series 
coil #1. A more complete set of data for all rotational speeds is presented as a series of plots in the 
appendix (figs. A-13 through A-15). Lift forces were not measured, except at the very highest speeds. 

As with the 4-in. model, the measured and predicted open circuit voltages generally agree within 5 
percent. Predicted and measured currents agree within 10 percent up to 3000 rpm, at which point the 
same behaviors exhibited by the 4-in. test model appear, i.e., the predicted short circuit current exceeds 
the measured value, but the measured current with series coil #1 exceeds the predicted values.  

Due to the unfavorable power factor and low amplitude of force production, complete lift force 
measurements were not taken on the 1-in. test model. However, when the model operated with a 0.010 
in. air gap at 5000 rpm with series coil #1 inserted, it produced a measured lift force of 15.7 grams-force. 
This compared well with the analytically predicted value of 14.4 grams-force and the FEA-predicted value 
of 15.0 grams-force.
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Appendix B—System Performance Test Results 
A complete set of plots of the test results are included here. Table 1 identifies the tests that were 

conducted. 
 
 
 
 
 
 
 
 

4-in. Test Model, 6-Turns, 4 by 1 in. Winding, Shorted  
 

 
 



NASA/TM—2006-214477 24

 
 
 
 
 

4-in. Test Model, 6-Turns, 4 by 1 in. Winding, With Series Inductor #1 
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4-in. Test Model, 6-Turns, 4 by 1 in. Winding, With Series Inductor #2 
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4-in. Test Model, 6-Turns, 2 by 1 in. Winding, Shorted  
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4-in. Test Model, 6-Turns, 2 by 1 in. Winding, With Series Inductor #1 
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4-in. Test Model, 6-Turns, 2 by 1 in. Winding, With Series Inductor #2 
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4-in. Test Model, 1-Turn, 4 by 1 in. Winding, Shorted  
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4-in. Test Model, 1-Turn, 4 by 1 in. Winding, With Series Inductor #1 
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4-in. Test Model, 1-Turn, 4 by 1 in. Winding, With Series Inductor #2 
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4-in. Test Model, 1-Turn, 2 by 1 in. Winding, Shorted  
 

 
 

4-in. Test Model, 1-Turn, 4 by 1 in. Winding, With Series Inductor #1 
 

 
4-in. Test Model, 1-Turn, 2 by 1 in. Winding, With Series Inductor #2 
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1-in. Test Model, 6-Turns, 1 by 1 in. Winding, Shorted  
 

 
 

1-in. Test Model, 6-Turns, 1 by 1 in. Winding, With Series Coil #1 
 

 
1-in. Test Model, 1-Turn, 1 by 1 in. Winding, Shorted 
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