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This paper describes the construction and operation of an easy-to-use, low cost rotor test 

platform that is suitable for acquainting practicing engineers with active magnetic bearing 

(AMB) technology. In particular, it demonstrates the potential of AMB technology for 

reducing, or relocating, the vibratory response of high performance turbomachines. 

 

A major contribution of this work is the use of an open source real-time operating system 

(Real Time Linux) in the controller.   RTLinux® allows greater flexibility than is usually 

found in proprietary operating systems, e.g., it allows the parameters of the control law to 

be changed ñon-the-flyò. 

 

 

 

BACKGROUND AND INTRODUCTION  

One of the most demanding applications of real time control is the active magnetic bearing (AMB).  Suspending a 

rotating shaft in a magnetic field with a gap of .015 inches requires precise, reliable control of the magnetic field.  

This paper presents work at Tufts University which uses open source Linux to control an AMB.  

There are several advantages for magnetic bearings that justify their use.  The major advantage is that magnetic 

bearings eliminate physical contact between the shaft and the support, minimizing friction and eliminating wear 

inherent with conventional bearings.  This must be balanced against the perceived disadvantages such as system 

complexity and cost.  These tradeoffs are documented by NASA for turbine engines in [1].  

 

Many early AMB patents were assigned to Jesse Beams [2] [3] at the University of Virginia at the time of World War 

II and are concerned with ultracentrifuges [4] used for separation of the isotopes for the manufacture of the first 

nuclear bombs.   AMB technology did not attain commercial viability until the emergence of solid state electronics 

and modern computer-based control technology with the work of Habermann [5] and Schweitzer [6].  The First 

International Symposium for Active Magnetic Bearings (ISMB-1) was held in 1988 [7] and has been held at two 

year intervals since then. 

   

Kasarda [8] reviews the history of AMB in depth.  She notes that the first commercial application of AMBôs was in 

turbomachinery.  The AMB allowed the elimination of oil reservoirs on compressors for the NOVA Gas 

Transmission Ltd. gas pipelines in northern Canada to reduce fire hazard allowing a substantial reduction in 

insurance costs.  The French company S2M, formerly the Société de Mécanique Magnétique, founded in 1976, was 

the first to commercially market AMBôs.  More recently, the technology has matured to the point where advanced 

texts have appeared that have significant or entire content devoted to the design and build of AMBôs [9] [10]. 

 
THE TEST SETUP 

 
Each bearing (see Figure 1) consists of four pole pairs of laminated stator assemblies with individual windings on 

each pole.  Each pole pair forms a closed flux path through the rotor.  The net force on the rotor is controlled by 

regulating the flux in these paths.   These bearings support a two foot long shaft driven by a brushless DC motor. 

The bearing assembly includes inductive gap sensors at the centerline of each pair of diametrically opposed poles.  

The controller uses the signal from the gap sensor conditioner to adjust the current from the power amplifiers     
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that drive the magnetic coils to keep the rotating shaft centered 

in the gap.  A photo of the experimental test rig is shown in 

Figure 2 and a physical schematic of the complete test setup is 

shown in Figure 3. The total weight of supported rotor structure 

is 3.5 lb. 

 

The coil drive current is supplied by conventional class A 

amplifiers with a bias set at 1 ampere with offset currents, DI, 

of equal magnitude but opposite sign.  This creates unbalanced 

magnetic fluxes in opposite pole pairs which exert a net force 

on the rotor along each of the orthogonal axes of the two pole 

pairs and linearizes the magnetic bearing behavior.  This allows 

the net force exerted on the rotor, FROTOR, to be modeled as a 

simple linear equation where KI is a force constant, Kx is a 

ñnegative springò constant and x is the rotor displacement: 

 

FROTOR = KIЎI + Kxx 

 

For the AMB in this experimental rig KI is 6.7 lb/amp and Kx is 

410 lb/in. 

 

To mitigate the effect of unmodeled foundation resonances a base with a triangular cross-section was fabricated.  

This raised the primary structural resonance of the base from 161 Hz for a conventional flat rectangular plate to 

above 500 Hz. 

 

 
 

Figure 2 - Photograph of Test Rig Setup in Lab at Tufts. 
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Figure 1 ï Active Magnetic Bearing showing 

Flux Paths. 
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