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ABSTRACT 
 
This paper assesses the feasibility of using 
magnetic levitated actuators in high precision 
linear motion systems.  This arrangement has 
several advantages over traditional system, 
including friction-free, minimal maintenance, 
and the elimination of expensive mechanical 
propulsion and guidance components. The paper 
first investigates existing technologies of 
magnetic levitation. Then it proposes a new 
magnetic levitation linear motor structure based 
on variable reluctance (VR) structure.  Finally 
the paper performs simulations on the proposed 
structure and come out with some very 
interesting and exciting results.  
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1. INTRODUCTION 
 
This paper describes an on-going project which 
aims to develop a novel, high-performance, 
magnetic-levitated, direct-drive linear motion 
system for high-precision and high-speed 
material transport applications.  This 
arrangement has several advantages: 
 Comparing to traditional ball-bearing guided 

motion systems, the proposed system has the 
advantages of being contact-free and 
contamination-free, thus resolving the 
problems of mechanical wear, friction, noise, 
heat generation, and "metal dust" 
contamination. 

 Manufacturing of the actuator is simple; the 
magnetic circuit can be made from 
laminated mild steel plates; the moving part 

can be made from simple coil windings and 
metal pieces. Unlike other type of magnetic 
levitation systems, there are no expensive 
and hard-to-handle materials (e.g. permanent 
magnet, super conductor). 

 Mechanical couplings, lead screws, magnets, 
and brushes are not required. The moving 
element is frictionless.  The degree of 
precision is inherent into the structure; 
special mechanical adjustments or 
alignments are not necessary.  The resulting 
motion system is low-cost, highly robust, 
maintenance free, and it has less heating 
problems. 

 
 
2. EXISTING TECHNOLOGIES  
 
Traditionally, magnetically levitated carrier 
systems were originally developed for the 
transportation system [1,4,6,11,17,18,19,20]. 
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Fig 1 Magnetic Suspension with LSM and 

lateral stabilization 
 

The most common form of this type of motor is 
the Synchronous Long Stator Motor (LSM) with 
Lateral Stabilization [1], as shown in Fig. 1.  
Through the motor configuration has reached 



mature state, there are still many aspects under 
research. On one hand, further optimization of 
the magnetic circuit, taking into account the 
strong coupling among the windings, is now 
possible by using numerical techniques [2].  On 
the other hand, the improvement of the control 
strategies for electromagnetic bearings has also 
received great attention.  In [3] and [4] two novel 
self-sensing bearings based on current 
measurements are proposed, while an alternative 
strategy, which uses the inductance measurement 
principle is presented in [5]. However, these 
methods have been only applied to rotating 
magnetic bearings.  
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Fig. 2  PM Excitation & DC Control Windings 
 
Fig. 2 shows another magnetic levitated scheme 
uses Active magnetic bearings (AMB) [6,7], 
which is based on the interaction between an iron 
stator and the controlled electromagnets attached 
to the suspended body, which enable the 
integration of the support and the guidance 
functions. A large number of AMB applications 
have been reported during the last few years, 
especially in the fields of turbo-machinery [8, 9] 
and flywheel energy storage [10]. An early 
example of levitated carrier with AMBs can be 
found in [11]. 
 
Carrier

HTSC control coil

PM rail
z

y  
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Controlled PM 
 
Recently, there have been new researches in 
using very expensive permanent-magnet (PM) 
rails and high-temperature super-conductors 
(HTSC) as the linear magnetic bearings [12, 13] 

(see Fig. 3).  However, very few prototypes of 
linear bearings with HTSC bulks have been 
developed until now. A carrier platform to move 
silicon wafers was designed and built up by the 
Japanese firm Toshiba in the early 90’s [14]. The 
carrier, with a total weight of 1.3 kg, contained 
several HTSC pellets, which provided the stable 
levitation in interaction with the PMs of the 
guide way.  Recently, there were a few examples 
of demonstrating the use of HTSC in model train 
transport in China, Japan [15], and the United 
States. On the other hand, researchers started to 
perform research on precision position control 
for magnetic levitated motor but the present of 
PM is the basic requirement in their design 
[21,22].  
 
To summarize, all the above technologies are 
primarily developed for transportation use [16]. 
All the above methodologies will produce 
sophisticated magnetic levitation systems that 
are efficient, but difficult to manufacture and 
complex to control.  In addition, the employment 
of rare-earth permanent magnet and high 
temperature superconductor produces additional 
manufacturing and maintenance problems to the 
system. 
 
 
3. THE MAGNETIC LEVITATED 
VR ACTUATOR  
 
In this paper, a novel construction topology of 
magnetic levitated linear motor is proposed.  The 
motor's structure is based on transverse flux 
motor (TFM) topology and the forces are derived 
from variable reluctance (VR) principle.  A 
similar structure can be found in [30,31,32]; 
however, their application only concentrates on 
speed control for transportation system while our 
proposed system  targets at  high 
acceleration/deceleration and accurate position 
control application. Owing to the unique 
structure of the magnetic levitated VR linear 
motor (VRLM), the propulsion, suspension and 
guidance forces are integrated together, and can 
be controlled through the two pairs of three 
phase coils in the motor.  Fig. 4 shows the three 
dimensional (3D) view, the front view, and the 
side view of the motor. Fig. 5 shows the position 
of the three-phase coils pair in the motion system. 
 
 



 
 
 

 
 

 
 
Fig. 4  3-D view, front view, and side view of  

the Single Phase TFM 

 
 

 
Fig. 5 Levitated carrier in a TFM-321 

configuration 
 
 
4. RESULTS OF SIMULATION 
 
The proposed structure was simulated using a 
Finite Element Analysis package MEGA, and 
the results are shown in Figs 6-8. 
 
The results indicate that the actuator is inherently 
stable in the Y direction, but unstable in the z 
direction.  Fig. 9 also indicates that the traction 
force is nonlinear along the X direction of the 
motor.  It also contains a z force-ripple 
component. To summarize, the proposed 
structure has a very simple and robust 
construction.  However, in order to control the 
actuator properly, an intelligent multi-
dimensional controller has top be employed.  
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Fig. 6 Support force and stiffness as a function 

of as function of z/δ 
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Fig. 7 Guidance force and stiffness as function 

of y/δ 
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Fig. 8 Traction and support forces (FX, FZ) as 

function of x/τ 
 
3. CONCLUSION 
 
To conclude, the proposed VR magnetic 
levitated linear actuator it is easy to fabricate, 
and the mechanical hardware is far less 
complicated than traditional arrangements.  
Moreover, the manufacturing cost is low, 
because the motor does not require any magnets 
or superconductor components.  However, in 
order to control the actuator properly, an 
intelligent multi-input multi-output controller 
robust controller has to be employed. 
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