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Abstract 
Performance of electronic devices has been improved with more precise manufacturing process. Semiconductor is typical 
electronic component that requires the high precision. In-position stability is one of important factors for the high-end 
manufacturing. To meet this demand, air bearings and linear motors are often used for the manufacturing equipment as a 
positioning mechanism. The air bearing forms an air film between the guide surfaces, and there is little friction. The use of air 
bearings is advantageous for the precise positioning because of the low friction, but the in-position stability is insufficient due to its 
low stiffness. Additional damping is needed to improve the in-position stability of air bearing guided motion system. When there is 
magnetic field change, eddy current in a conductor is generated and then a force opposite to and proportional to magnet’s speed is 
produced like a damping component. This can give a damping force to the linear motion system and it takes advantage of the air 
bearing because it works without contact. Therefore, the Eddy current damping (ECD) makes the air bearing guided motion system 
more precise. In this paper, three novel designs of ECD module are proposed for the linear motion system with air-bearing and 
linear motor. The ECDs have Halbach magnet array as a magnetic field sources because the array confines the magnetic flux to the 
conductor. Experimental results present the improvement of the in-position stability. And then the advantages and disadvantages 
of each modules are described. 
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1. Introduction

Precise positioning systems are essential in the semi-
conductor and display manufacturing industry. Precise motion 
systems require high repeatability and precision. The air 
bearing has an advantage that thin air film is formed between 
the guide surface and the air bearing so that the friction is very 
small. However, since the system stiffness is low, there is a 
disadvantage that the position stability is unstable. To 
overcome this disadvantage, some previous studies have been 
carried out to increase damping force by using an eddy current 
damper (ECD)[1~2].  

In this paper, three novel design of ECD modules are 
proposed. We compare the advantages and disadvantages for 
each design and verify the effect of ECD. 

2. Linear motion system with ECD

We have designed the ECD modules for air bearing guided 
linear motion systems, and discuss the features of air bearing 
type and ECD configuration. Each system has a linear motion 
system using an air bearing and a linear motor. The conductor 
of ECD is seated on LM guide in the perpendicular direction to 
moving direction to adjust the distance between the magnet 
and conductor. 

2.1. Single sided ECD in non-symmetic linear motion system 
For the first try, we designed a end-supported air bearing 

guided linear motion system and Halbach magnet array ECD in 
Fig. 1. To verify the effect of the ECD, the theoretical value and 
the experimental value of damping coefficient were compared 

for the various distance between the magnet and the 
conductor in Fig. 2.[3] 

 Figure 1. Single sided ECD in non-symmetic linear motion system 

Figure 2. Comparison of damping coefficients: theory vs. experiments 
in 1st design 



2.2. Single sided ECD in symmetic linear motion system 
In order to impove the first design, we designed a linear 

motion system with air bushing on both sides of a linear motor 
in Fig. 3. The damping force of ECD varies according to the 
distance, but also varies with the linear motion system’s 
velocity in Fig. 4.[4]  

Figure 3. Single sided ECD in symmetic linear motion system 

Figure 4. Comparison of damping coefficients: varing the air gap and 
velocity in 2nd design 

2.3. Double sided ECD in symmetic linear motion system 
In the previous study, when the distance of ECD was smaller 

than a certain value by single sided ECD design, the mis-
alignment of the air bearings is occurred due to the attraction 
between the magnet and conductor. In order to overcome this 
problem, we designed an air bushing guided linear motion 
system with double sided ECD in Fig. 5. This allows the 
symmetrical design of motion system and the linear motor to 
be positioned on the center line of gravity. Furthermore, force 
center is also on the center line of gravity.  

A symmetrical design is to minimize the problems caused by 
force non-symmetry. In addition, even if the air gap is reduced 
through the double sided ECD, there is no problem of 
misalignment. And the distance can be minimized, also the 
effect of ECD can be maximized. When air gap is 15 mm, the 
damping coefficient is measured for the linear motion speed 
from 10 to 70 mm/s is in Fig. 6.[5] 

Figure 5. Double sided ECD in symmetic linear motion system 

Figure 6. Damping coefficients: varing the velocity in 3rd design 

3. Conclusions

In this paper, we have designed an air bearing guided linear 
motion system and reviewed the researches of ECD. In the case 
of single sided ECD in non-symmetic linear motion system, it 
has a large load capacity, but it is difficult force center to be 
positioned on the center line of gravity. Therefore, the 
misalignment can give a problem. 

In the case of single sided ECD in symmetic linear motion 
system, it is compact size and high design freedom, so that 
force center and measurement point can be positioned on the 
center line of gravity. However, the attraction between 
magnets and conductor can give the problem. 

In the case of double sided ECD in symmetic linear motion 
system, the symmetrical design is effective to maximize the 
damping effect because of the attractive force cancellation 
between magnet and conductor.  

The proposed designs overcame the low stiffness of the air 
bearing guided linear motion system by using ECD modules, 
therefore, it is possible to improve in-position stability of the 
air bearing guided motion sytem. And we can choose a 
adequate design from the ECD modules and  linear motion 
systems which are presented in this study.
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