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ABSTRACT – Magnetic fluids (MFs) are one of 

functional materials, which compose single-domain 

magnetic nanoparticles dispersing in a carrier liquid. 

When a drop of MFs covering on an annular magnet, a 

closed liquid ring can be formed. The MFs ring seals to 

encapsulate a pocket of air, which can carry a load. Thus, 

the tribopairs can be separated completely to achieve 

low friction even at very low sliding speed. 

 

1. INTRODUCTION 

Magnetic fluids (MFs) are one of functional 

materials, which compose single-domain magnetic 

nanoparticles dispersing in a carrier liquid [1]. And it is 

an intelligent material, exhibiting normal liquid 

behaviour coupled with superparamagnetic properties. 

Since the properties and the location of these fluids can 

easily be influenced by a magnetic field, MFs have 

recently attracted many scientific, industrial and 

commercial applications. 

Lubrication is one of the most important 

applications for MFs [2]. The main advantage of MFs as 

lubricant, over the conventional oil, is that the former 

can be retained at the desired location by an external 

magnetic field and still possesses flowability at the same 

time. From the basic physical point of view, MFs are 

interesting because they can interact with a magnetic 

field to produce a controllable magnetostatic force on 

the fluid [3]. The magnetostatic force can carry a load, 

which is expected for lubrication.  

Besides the magnetostatic supporting, MFs seal 

may provide the other kind of load carrying capacity. As 

shown in Figure 1, a drop of MFs covers on an annular 

magnet, forming a closed liquid ring. If the bottom of 

the magnet is bonded with a glass substrate, a load 

carrying capacity might be expected by the air, which is 

encapsulated and pressurized by the MFs seal. When the 

force is larger than the supporting element, then the 

arrangement can cause it to float, which are highly 

desirable in lubrication system. The gas bearing 

property would be significant for solving the “cold 

welding” as well as the “creep” phenomenon at low 

speed, especially in precise sliding mechanism. 

In this paper, the supporting force based on MFs 

seal was studies and the lubrication properties of the 

supporting system were tested. 

 

 
Figure 1 (a) A drop of MFs covering on an annular 

magnet and (b) shematic diagram of the bearing. 

2. EXPERIMENT 

To measure supporting forces, a series of 

experiments are conducted. NdFeB annular magnets 

(F16mm*F12mm*6mm) with different magnetizations 

in axial direction were chosen. The bottom of the 

magnet is connected with a glass without any gas leak. 

The load carrying capacity of the MFs bearing was 

measured using a tensile force testing platform with a 

resolution of 0.001 N. The tribological performances of 

the supporting system were tested using a reciprocating 

sliding tribometer (Sinto Scientific, JAP). 

 

3. RESULTS AND DISCUSSION 

Figure 2 presents the load capacity ( ) plotted as 

function of the height (h). For the bottom unsealed 

bearing, the supporting force only originates from the   

magnetostatic force of MFs. While the bottom sealed 

one, the force produces from the magnetostatic and the 

sealed gas supporting forces together.   

As expected, the supporting forces both increase 

with the decrease of the height. And the maximum load 

carrying capacity of the bottom sealed bearing is about 

1.05 N, which is about 2 times than the magnetostatic 

force. It means the sealed gas supporting plays the 

dominate role.  

 

 
Figure 2 Dependence of the load carrying capacity ( ) 

on the height (h) (lines the experimental data, dots

theoretical ones) 

 

Figure 3 shows the effect of surface magnetic 

strength on the supporting force. Three NdFeB annular 

magnets with different surface magnetic strengths were 

used and the bottoms of the magnet were all bonded 

with a glass substrate. As can be seen, the force 

increases with the increase of the surface magnetic 

strength. 
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Figure 3 Dependence of the load carrying capacity ( ) 

on the surface magnetic strength (h) 

 

When gravity and surface tension of MFs are 

ignored, the induced magnetic pressure gradient (!") in 

the fluid can be written as [4]: 

!" = #$%&!'(((((((((((((((((((((((((((((((((((((     (1) 

 

Thus, the limiting pressure difference across the 

MFs seal (p* + p$) can be calculated as follow [4]: 

", + "$ = #$%& - !' . /' = #$%&0', + '$)
12(

13
 (2) 

 

Where #$  is the magnetic permeability of free 

space, %& is the magnetization of the MFs and !' is the 

magnetic field gradient between the interface of the 

MFs. Therefore, the bearing capacity could be written as: 

 = - 0", + "$) . /45 =
(

6
#$%&0', +'$)45(((((((

 (3) 

 

Where 45  is the load carrying surface area. 

As can be seen, the bearing capacity mainly 

depends on the MFs seal. And the initial factors related 

to the sealing capacity are the magnetic properties of the 

magnet and the MFs as well as the geometry of the 

bearing. Moreover, the viscosity of the MF is also an 

influencing factor. During the press process, the 

magnetic field becomes stronger, which cause the 

increasing of the viscosity. The higher viscosity of MFs 

may contribute the supporting force. 

The supporting of the numerical simulation was 

given in figure 2 and the corresponding description of 

the numerical model was shown in Figure 1. Compared 

with the experimental curves, the theoretical data 

present a similar variation trend. However, the 

calculated load capacity ( ) according to Eq. (3), is 

lower than that of the experimental result, which may 

have caused by the MFs supporting part. 

Figure 4 shows the friction curve of the MFs 

supporting system at low sliding speed (0.1mm/s). The 

normal load is fixed at 0.7N, which is between the 

supporting forces of the bottom unsealed and sealed 

conditions (see Fig.2). Compared with the dry friction, 

the coefficients decreased when lubricated with MFs. 

For the bottom unsealed one, the normal load (0.7N) is 

higher than its highest bearing capacity (0.45N), and the 

coefficient is about 0.05. However, for the bottom 

sealed condition, the load is lower than its supporting 

force (1.05N), and the friction surfaces could be 

separated directly by the lubricant. That’s the reason 

why the coefficient is close to zero. 

 

 
Figure 4 Friction curve of the MFs supporting system. 

 

4. SUMMARY 

In this paper, a kind of gas support bearing 

generated by the MFs seal is investigated experimentally. 

The effects of cavity volume and surface magnetic 

strength of the magnet on the supporting force were 

discussed. In addition, low friction coefficient can be 

achieved when the normal load is less than the bearing 

capacity even at very low sliding speed.   
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