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Abstract
With regard to the development of micromachining equipment, aerostatic bearings have become a key technical option 

to be used in a micromachining equipment in order to meet the high precision requirements in the industry. In addition, the 
technique of porous throttle showing the merits of high loading capacity, rigidity and stability can be utilized in order to allow
miniaturized components to exhibit the properties of excellent rigidity and precision.

The objective of this paper is to study the static characteristics of a new type of porous aerostatic bearing. In the content 
of this paper, the structure and working principles of the porous aerostatic bearing are introduced, mathematic models and
boundary conditions are established and characteristics graphs showing the relationships between the loading capacities and 
apertures of such new type of porous aerostatic bearing are analyzed. Finally, the results obtained therefrom are further
analyzed and compared with the ones of the reference documents in order to verify the properness of the theory of this study.
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1. Introduction

Recently, the increasing demands on production 
efficiency, precision, and quality for miniature and 
precision components drive the research and development
of precision manufacturing technology and equipment in 
the industry.

With regard to aerostatic bearings, O. Reynolds [1]

introduced the fluid lubrication theory with basic 
hydromechanics lubrication equation, the partial 
differential Reynolds equation, relating pressure, density, 
relative velocity and lubrication film thickness, which then 
became an important foundation for fluid lubrication 
theory. In addition, Sogo Jin Ichi [2] used the Finite 
Differential Method to calculate the film pressure 
distribution of various types of bearings of static pressure, 
dynamic pressure and hydrostatic arc gas etc.

Regarding the porous material, it mainly refers to a 
powder metallurgy materials classified into two types of 
metallic and non-metallic materials. High temperature 
sintering manufacturing process would use a porous 
material mainly due to the reason that it has certain 
porosity such that it exhibits permeability. In most cases, 
the material used in porous bearing is required to have the 
porosity in the range of 20%-40% and has uniform 
permeability [3]. Under the assumption of fluids flowing
through a porous material in a layered flow with
incompressibility based on the Darcy’s Law, Sheinberg [4]

et al. conducted analysis on the pressure distribution, load
capacity, rigidity characteristics by assuming. Li Yuntang
et al., [5] conducted analysis on aerostatic thrust bearings
with pores in order to find the most optimal design 
parameters. Wenqi Ma et al., [6] studied the characteristics 
of the pocket throttle aerostatic radial bearing in high speed
and it with other throttling methods.

In this paper, the static characteristics of a new type of 
porous aerostatic bearing are analyzed and verified with 

the reference documents. Finally, the theoretical results of the 
loading capacity-aperture graph and rigidity-aperture graph of the 
new type of aerostatic bearing obtained are analyzed and compared
in order to verify the properness of the theory.

2. Basic Theoretical Structure 

2.1. Structure Description

In general, porous materials can be metal or nonmetal, and in 
this research, the material of graphite is selected for the new type 
porous aerostatic bearing. The new type of porous aerostatic bearing 
is constructed by a porous material layer (referring to the “H” layer 
in Figure 2) and a thin film (referring to the “H0” layer in Figure 2)
having arrays of micro-pores formed thereon via the laser machining 
process, as shown in Figure 1; wherein the pitch of the array of 
micro-pores is indicated by letter “p”. The purpose of the addition of 
the thin film layer is mainly to improve overall throttling effect of
such new type porous aerostatic bearing.

Figure 1: Schematic view of new type of porous aerostatic bearings
[7]
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Figure 2 is an illustration showing a cross section of 
the new type of porous aerostatic bearing taken along the 
direction of the air supply of the pores. Please refer to the 
following for the parameters shown in Figure 2:  
Ps: supply gas pressure; Pa: atmospheric pressure; d: 
diameter of the new type of porous aerostatic bearing; dp: 
diameter of the porous material layer of the new type of 
porous aerostatic bearing; H1: thickness of the new type of 
porous aerostatic bearing; H: thickness of the porous 
material layer; H0: thickness of the thin film layer. 
 
2.2. Construction of Mathematic Model 
 
2.2.1 The Reynolds Equation 
 

To design a gas bearing, all its characteristics, such as 
bearing capacity, pressure etc, must be known. Pressure 
distribution can be deduced by the gas lubrication equation 
(see Equation 1). [1] 
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P: pressure of the bearing; h: thickness of the bearing. 
 
However, on the left side of the equal sign, the results 

refer to speed and squeeze film effect. In this paper, it 
considers stability and used a round flat bearing, so can (

rx � , �ry � ) adapt Equation 1 as follows as shown in 
Equation (2). [1] 
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2.2.2 Finite Differential Method 
 

Currently, common methods for solving partial 
differential equations include: the Finite Element Mode 
(FEM), Finite Differential Method (FDM) and Finite 
Volume Method (FVM). In this paper, the method of Finite 
Differential Method is used, and its comparison with the 
other two methods show that the efficiency of the Finite 
Differential Method is higher than the Finite Volume 
Method and its precision is higher than the Finite Element 
Method. The steps of the calculation of the Finite 
Differential Method are as follows: Express the differential 
or partial differential equation in difference equation, 
substitute in its boundary conditions to obtain its numerical 
result. In this paper, the central differential method of the 
Finite Differential Method is used to solve the Reynolds 
equation, as shown in Equation (3) [3]. 
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O(h2) :Second Order Truncation Error. 

 
Express the partial differential equation in the Finite Difference 

Method, as shown in Equation (4) [3] 
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A1, A2, A3, A4, B, are the coefficient values of Equation 4. 
 
Equation (5) refers to an equation for calculating the pressure 

distribution on the air film of the bearing based on the Finite 
Difference Method. [3] 
 

, 1, 1, , 1 , 1i j i j i j i j i jP CW P CEP CN P CS P G� � � �� � � � �  (5) 
 

CW, CE, CN, CS, G can be calculated from Equations (6) to (11) 
below. 
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Each node is corresponding to an equation and the pressure 

value at the boundary node is able to satisfy the boundary condition. 
Therefore, its numeric values can be known such that a linear 
equation is obtained. 
 
2.2.3 Flow Equation 
 

In this paper, the Finite Difference Method is used to calculate 
and obtain the pressure distribution inside the bearing. The 
magnitude of the air chamber pressure value Pr must be determined, 
and the “law of conservation of mass” needs to be used in order to 
determine the magnitude of Pr value, as shown in Equation (12) [3] 

 
outin QQ �  (12) 

 
The mass flow at the inlet of the new type porous aerostatic 

bearing can be represented by Equation 13. [3] 
 

 
Figure 2: Cross-sectional (enlarged partially) view of a new 

type of porous aerostatic bearing [7] 



August 29, 2016 20:27 RPS 4M 2016 :: Paper ID: 698

Proceedings of the 4M/IWMF2016 Conference 131

��
�

T
pAcQ s

in �0
 (13) 

 
A: restrictor area; � : rate coefficient of outlet; � : air 

constant; T : absolute temperature. 
 

3. Simulation and Analysis on New Type of Porous 
Aerostatic Bearing 
 
3.1. Verification of Program 
 

This paper is directed to the studies on the new type 
of porous aerostatic bearing film, and relevant calculations 
and results associated to the porous material have been 
conducted and obtained in the earlier study [8]; therefore, 
details thereof is omitted here. The new type of porous 
aerostatic bearing film uses the method of pocket throttling 
in principle. To verify whether the program drafted for this 
study in this paper is correct, this section provides details 
on comparison between the simulation result of the 
program and the reference documents related to pocket 
throttling [9]. In addition, Table 1 shows a summary of 
basic parameters provided by the reference documents 
used for the comparison with the program drafted in this 
study, Ps1 represents supply gas pressure of orifice 
bearings. 

 
Table 2 Summary of comparison between the loading 
capacities of the reference documents and the simulation 
result of the program 

 
Gap height 

 
4μm 

 
5μm 

 
6μm 

 
9μm 

 
10μm 

 
T. Aoyama [9] 220N 210N 180N 140N 125N 

 
Numerical 

method 
245N 230N 220N 203N 190N 

 
Table 2 is a summary showing the comparison 

between the loading capacities of the simulation result and 
the reference documents. Since most of the working 
apertures used for constructions are typically in a relatively 
small range of working apertures, the apertures 
within10μm are selected for the study in this paper. As 
shown in Table 2, it can be learned that when the aperture 
is equivalent to 10μm, the error of the loading capacity is 
approximately 34%. As the aperture decreases to 5μm and 
4μm, the error of the loading capacity can be controlled to 
be approximately 8%. The study on the new type of porous 
aerostatic bearing in this paper mainly shows that the 
aperture is preferably to be 5μm, in which the error of the 

loading capacity is controlled to be 8.6% according to the simulation 
and the experiment. Furthermore, the result indicating a greater 
aperture associated with a greater error could have been caused by 
environmental or human factors introduced during the experiment. 
 
3.2. Analysis on Characteristics of New Type of Porous Aerostatic 
Bearing 
 

After determining that the program used for the simulation 
performed in this study is proper without errors, in this section, 
simulations and analysis are conducted on the new type of porous 
aerostatic bearing, including the pressure tendency comparison for 
each node, overall bearing loading capacity tendency and rigidity 
tendency. Table 3 shows a basic parameter table [10] of the new type 
of porous aerostatic bearing. 

 
The pressure of air supply through porous material layer of the 

simulation conducted in this study is 0.318MPa [8]. In addition, the 
array of micro-pores are formed via laser machining, and the pitch 
of the micro-pores is 0.2mm. After using graphic software, such as 
AutoCAD, to create drawings in proportion, it can be learned that 
the new type of porous aerostatic bearing can be formed of 34,590 
micro-pores. Next, the Finite Differential Method and the Reynolds 
Equation are used to calculate the overall characteristics of the new 
type of porous aerostatic bearing. 

In this study, the outlet pressure experiment for measuring 25 
pores of the air supply volume is also conducted on the new type of 
porous aerostatic bearing. Figure 3 shows the setup of the pressure 
measurement experiment for the new type of porous aerostatic 
bearing. In addition, an electronic displacement gauge and a load 
cell are also used in this study for measuring the gap height and the 
load capacity, as shown in Figure 4. 

Table 3 Basic parameters of the new type of aerostatic bearing 
provided by Kaohsiung Metal Industries Research and Development 
Center (MIRDC) 

 
Name 

 
Value 

 
Unit 

 
Diameter of  new type 
aerostatic bearings (d) 

 
50 

 
mm 

Diameter of orifice (d0) 30 μm 
Atmospheric pressure ( Pa ) 
Supply gas pressure ( Ps ) 
Absolute temperature (To) 
Atmospheric constant 
Air density (ρa) 
Pitch 

0.1 
0.5 
293 
2927 
2.896×10-5 

0.2 

MPa 
MPa 
K 
cm/K 
N/cm3 
mm 

 

Table 1 Basic parameters for orifice bearings from the 
literature 
 
Name 

 
Value 

 
Unit 

 
Outside Diameter of  the 
bearing (D) 

 
20 

 
mm 

Diameter of orifice (D0) 0.18 mm 
Atmospheric pressure (Pa) 
Supply gas pressure of orifice 
bearings  (Ps1) 
Absolute temperature (To) 
Atmospheric constant 
Air density (ρa) 

0.1 
0.5 
 
293 
2927 
2.896×10-5 

MPa 
MPa 
 
K 
cm/K 
N/cm3 

 
Figure 3: Experiment setup for 25 air-supply pores of the 

new type of porous aerostatic bearing 
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Figure 5 is a graph showing the comparison between 

the pressure distributions of outlet pressure at 271 pores 
obtained from the numerical simulation and the results 
obtained from the experiment. The gap height is 5 μm. 
From the graph, the differences among the output pressures 
of each pores under the condition of the same air supply 
pressure can be understood. Now, some of such pores can 
be compared and analyzed; for example, when the outlet 
pressure of the simulation is 0.236MPa, the outlet pressure 
obtained from the experiment is 0.235MPa, which is of an 
error of 0.004%. 

Figure 5: Comparison between the output pressure 
values obtained from the experiment and the simulation 

 
Moreover, when the outlet pressure of the simulation 

is 0.188MPa, the output pressure obtained from the 
experiment is 0.110MPa, which is of an error of 1.29%. 
When the outlet pressure of the simulation is 0.302MPa, 
the output pressure obtained from the experiment is 
0.270MPa, which is of an error of 0.11%. Such result 
indicates that the errors of the aforementioned exemplary 
pores can be controlled to be within 1.30%. 

Based on the aforementioned calculation method, the 
overall tendency of the loading capacity of the new type of 
porous aerostatic bearing can be obtained. Figure 6 is a 
graph showing the relationship of loading capacity-
aperture of the new type of porous aerostatic bearing when 
the apertures are in range of 2~7μm.  

From the reference document [12], it suggests that the 
interval for obtaining the most optimal loading capacity 
and characteristic of the aerostatic bearing is between 
3~5μm, in which for apertures of 3, 4, and 5 μm, the 
loading capacities are 452.278N, 382.324N, and 284.742N 
respectively, as shown in Figure 6. 

 
 
 

Figure 7 shows a rigidity-aperture relationship graph of the new 
type of porous aerostatic bearing having apertures in the range of 
2~7μm. As shown in Figure 7, the new type of porous aerostatic 
bearing has a maximum rigidity of 121.83N/μm when the aperture is 
4.5μm. 

  
 
4. Conclusions 
 

In this paper, studies are conducted on the static characteristics 
including the pressure distribution, the loading capacity, the rigidity 
and so on of the new type of porous aerostatic bearing.  

In section 3.2, this study is shown the relationship between load 
capacity and gap height. The interval for obtaining the most optimal 
loading capacity and characteristic of the aerostatic bearing is 
between 3~5μm, in which for apertures of 3, 4, and 5 μm, the 
loading capacities are 452.278N, 382.324N, and 284.742N. It is also 
shown the relationship between stiffness and gap height. The new 
type of porous aerostatic bearing has a maximum rigidity of 
121.83N/μm when the aperture is 4.5μm. 

Based on the results of the analysis and simulations, 
relationships among relevant parameters and the bearing can be 
further understood, and such results can also be used as a reference 
basis for future baring designs. 
 
 
 
 
 

 
Figure 4: Experiment setup: electronic displacement gauge 

and load cell 

 
Figure 6: Load-aperture relation of the new porous aerostatic 

bearings in aperture range of 2~7μm 

 
Figure 7: Rigidity-aperture relationship graph of the new type 

porous aerostatic bearing having apertures in the range of 2~7μm. 
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