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1. Introduction 

The aerostatic bearings play an important role in 

the ultra-precision manufacturing fields. The bearing me-

chanical performances have a significant influence on be-

haviour of the ultra-precision facilities; consequently, they 

should be improved in the bearing design stage. Especially, 

the bearing dynamic performances relating to the opera-

tional stability should be paid more attention. 

Commonly, the concentrated bearing performanc-

es include the static and the dynamic performances, respec-

tively. The static performances generally contain the static 

load carrying capacity and the static stiffness; these per-

formances are in-depth studied and fully considered in the 

bearing design [1-4]. While for the dynamic performances, 

the difficulties in both solution and mechanism analysis 

bring trouble to the bearing design. Due to the importance 

of the bearing operational stability, not only the dynamic 

characteristics such as the stiffness and damping, but also 

the self-excited excitation characteristics have been stud-

ied. In analysis of the stiffness and damping, the air film is 

regarded as a spring-damping system [5]. Commonly, the 

stiffness and damping can be achieved by either solving 

the perturbed Reynolds equation [6-7] or conducting the 

numerical simulation directly [8]. Besides, to improve the 

bearing operational stability, the self-excited excitation 

should also be studied. The self-excited excitation can in-

duce the micro-vibration or the pneumatic hammering vi-

bration, and weaken the bearing operational stability great-

ly. Thus, the self-excited excitation is imperative to be 

suppressed. The researches revealed that the micro-

vibration was induced by occurrence of the vortex flow in 

the bearing clearance [9-10]. The reason was that when the 

vortex flow occurred, the pressure distribution in the flow 

field became unsteady, which caused the fluctuation of the 

load carrying force, and thence, the micro-vibration was 

induced. Besides, the pneumatic hammering is induced by 

asynchronous variation of the pressure, motion and gas 

mass flow rate with time [11]. To reduce the micro-

vibration, the suppression of the vortex flow is crucial [12-

13]. For the aerostatic bearing with non-pocket orifice type 

restrictor, the existence of the supersonic region and the 

shock waves may cause the separation of boundary layer 

and then induce the vortex flow [14]. While for the bearing 

with pocketed orifice type restrictor, the air pocket offers a 

large volume for development of the vortexes, and hence, 

the micro-vibration is more serious compared with the 

non-pocket case. It indicates that reducing the Reynolds 

number at the inlet of the pocket is conducive for suppress-

ing the micro-vibration [10]. For suppressing of the pneu-

matic hammering vibration, it showed that the volume of 

the air pocket and the air supply pressure should both be 

limited [15]. The mechanical performances of the aerostat-

ic bearings are greatly influenced by the shape and volume 

of the air pocket. Ye et.al [15] indicated that with larger 

pocket volume, the pneumatic hammering vibration was 

prone to occur. Chen et.al. [9] investigated the effects of 

the air pocket shape and volume on the micro-vibration, 

and it showed that the micro-vibration amplitude increased 

with the pocket volume. In GAOs’ research [16], influ-

ences of several pocket shapes on performances of the aer-

ostatic thrust bearing were compared. Commonly, with the 

larger pocket volume, the aerostatic bearings have better 

static performances, while the dynamic performances are 

weakened, and the self-excited excitation vibration is 

prone to occur. Hence, it is necessary to balance the static 

and dynamic performances in selection of the air pocket. 

For this purpose, the multi-objective optimization is al-

ways considered [17-18]; the optimization parameters 

commonly include the geometry and the operation parame-

ters. Due to the great influence of the air pocket shape on 

performances [19], the multi-objective shape optimization 

is necessary to be prepared. However, the optimization 

model considering both static and dynamic performances 

has not been referred yet; the optimization objectives con-

sidered currently are generally the static performances, 

while the dynamic performances are seldom considered. 

Considering both static and dynamic performances in de-

sign optimization can certainly enhance the bearing per-

formances further. 

In this study, the shape optimization of the air 

pocket is conducted. Firstly, a basic configuration of the air 

pocket is proposed and the bearing parameters selected for 

optimization are determined. And then, the flow field in 

the bearing clearance is researched, and several typical 

flow structures are discussed in detail; the dynamic charac-

teristics are studied and the displacement impedance of the 

air film-floating facility system is selected as one of the 

optimization objective. Finally, the optimization model is 

established and both the static and the dynamic perfor-

mances are taken into account. The optimizations have 

been conducted under several given bearing loads, and the 

results are compared and discussed. The effects of air 

pocket shape and volume on dynamic performances are 

further discussed. 

2. Basic Configuration of the Air Pocket for Shape  

Optimization 

An aerostatic bearing with orifice-type restrictor 

as shown in Fig. 1 is considered for optimization, where Ф 

is bearing diameter, U is the diameter of the air pocket, d is 
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the orifice diameter, and h is the air film thickness. Differ-

ent pockets such as the non-pocket, the cylindrical pocket 

and the tapered pocket can be considered in the bearing 

design. Generally, when a larger pocket volume is adopted, 

although the static performances can be improved, the risk 

of the self-excited vibration also increases. Hence, the de-

sign optimization is essential to achieve the proper pocket 

shape and volume. 

 

Fig. 1 The aerostatic bearing with orifice-type restrictor 

In this study, the pocket configuration as shown in 

Fig. 2 is established. Where l denotes the orifice length, V1 

and V2 are the pocket depth. Ф equals 50 mm and l equals 

0.5 mm, other geometry parameters are considered as de-

sign variables. In optimization, the variable ranges include: 

U [0.1 mm, 1.1 mm], V1 [0.05 mm, 0.15 mm], V2 [0 mm, 

0.1 mm], d [0.1 mm, 0.2 mm]. The air supply pressure Ps is 

also taken as a design variable, and the range is [0.45 MPa, 

0.7 MPa]. Such an air pocket configuration is especially 

practicable in the shape optimization. When V2 equals 

0mm, the pocket turns into a cylindrical pocket; while 

when U equals d, the non-pocket case is achieved. Also, 

when V1 becomes rather small, the pocket can be regarded 

as a tapered pocket. Different optimization cases are con-

sidered and the influences of the air pocket on mechanical 

performances are further discussed later. 

 

Fig. 2 The basic configuration of the air pocket for optimi-

zation 

A three-dimensional model (3D model) is estab-

lished for the numerical simulation, and the numerical 

model is shown in Fig. 3. Due to the symmetrical proper-

ties, only 1/12 of the whole model is considered for sim-

plicity. Although the two-dimensional symmetric model is 

applicable for calculations, employing a three-dimensional 

model enables a more accurate simulation of the vortex 

structures in the flow field of the bearing clearance. The 

three-dimensional model contributes to greater precision in 

the computation of bearing performances. 

 

Fig. 3 The numerical model of the bearing flow field 

At the inlet of the air supply passage, the pressure 

inlet boundary condition is applied and the pressure is the 

air supply pressure; at the outlet of the air film, the pres-

sure outlet condition is adopted and the pressure equals the 

atmospheric pressure; the adjacent surfaces of the air film 

part with other parts are set as periodic boundary. Other 

surfaces such as the thrust surface, the orifice and pocket 

surfaces are all considered as walls which satisfy non-slip 

conditions. The large eddy simulation (LES) model is ap-

plied in the numerical simulation to achieve the accuracy 

vortex structure, and the governing equations are solved 

numerically by using the computational fluid dynamics 

(CFD) method. The equations include the continuity equa-

tion, the momentum equations and the energy equation. 

3. Typical Flow Structure of The Bearing Clearance 

with Different Air Pocket 

Varying either the shape or the volume of the 

pocket, the bearing mechanical performances become en-

tirely different. It indicated that with the smaller air pocket, 

the load carrying capacity was weakened while the risk of 

the self-excited excitation was reduced. For the pocket 

configuration discussed in Fig. 2, four typical flow patterns 

are observed. For example, Case 1: h = 12 μm, 

d = 0.1 mm, U = 0.1 mm, V1 = 0.05 mm, V2 = 0.05 mm; 

Case 2: h = 12 μm, d = 0.1 mm, U = 0.2 mm, V1 = 0.1 mm, 

V2 = 0.05 mm; Case 3: h = 12 μm, d = 0.1 mm, U = 1 mm, 

V1 = 0.05 mm, V2 = 0.1 mm; Case 4: h = 12 μm, d=0.1 mm, 

U = 1 mm, V1 = 0.1 mm, V2 = 0 mm. When Ps equals 

0.1 MPa, the flow structures are shown in Fig. 4, where the 

gas velocity stays subsonic in all cases. 

For the non-pocket situation as Case 1, when the 

air flows out of the orifice, it forms the air film immediate-

ly. When the air supply pressure is low, there is no super-

sonic region. Due to the sudden change of the flow direc-

tion, a separation bubble occurs at the inlet region of the 

air film; the effective area of the flow section is reduced 

and the flow velocity increases, and as a result, the largest 

gas velocity occurs at the inlet position of the air film. For 

Case 2, a small air pocket is added at the outlet of the ori-

fice. For this case, a jet flow forms at the inlet of the pock-

et, while it is prevented by the thrust surface. However, 

because the volume of the air pocket is rather small for 

development of the vortex flow, the formed vortexes do 

not flow downstream and only a separation bubble is ob-

served in the pocket. The flow structure in the air film is 

similar with that of the non-pocket case. For Case 3, a 

larger tapered pocket is adopted, and for Case 4, a 



 29 

 

Fig. 4 The subsonic flow structure in the bearing flow field: a – Case 1, b – Case 2, c – Case 3, d – Case 4 

 

Fig. 5 The supersonic flow structure in the bearing flow field: a – Case 1, b – Case 2, c – Case 3, d – Case 4 

cylindrical pocket is used. The flow structures of Case 3 

and Case 4are similar. For Case 3 and 4, the pocket volume 

is far larger than that of the orifice, and the jet flow forms 

at the inlet of the pocket. When the gas flows into the air 

pocket and hits the upper thrust surface, its direction turns 

and the vortexes form; as the pocket offers enough volume 

for development of the vortexes, the vortexes form contin-

uously and flow along the bearing radial direction, and 

finally, disappear due to the viscous dissipation and the 

reduction of the gas velocity. It can be concluded that for 

the non-pocket or the small pocket cases, when the gas 

velocity is lower than the sound velocity, the vortex flow is 

not detected and only the separation bubble is observed in 

the small pocket. However, when the pocket is large 

enough, the vortexes can be detected in both tapered and 

cylindrical pocket cases. When the vortex flow occurs in 

the bearing clearance, the pressure fluctuates with time; it 

is due to the fact that the pressure is disturbed by the al-

ways existed low pressure point in the center of a vortex. 

As a result of the pressure fluctuation, the load carrying 

force is fluctuating correspondingly and the micro-

vibration is induced. In other word, the formation of the 

vortex flow is harm to the bearing operational stability. 

Once the supersonic region occurs, the flow struc-

ture becomes more complicated. When the air supply pres-

sure increases to 0.7 MPa, the supersonic region occurs as 

shown in Fig. 5. It can be seen that for the non-pocket case, 

the Mach number reaches to 1.8. The supersonic region 

occurs at the inlet of the air film, as discussed in [14]; due 

to the sudden change of the flow direction at the inlet of 

the air film and the interaction between the gas flow and 

the separation bubble, the Mach waves, i.e. the expansion 

waves, may occur at the beginning of the supersonic re-

gion, which further raise the gas velocity. And due to the 

interaction between the gas flow and the bearing surfaces, 

the shock wave forms at the end of the supersonic region 

which results in the flow separation. As a result, the vortex 

flow forms. For Case 2, the separation bubble is also de-

tected in the small pocket, and the supersonic region oc-

curs at the inlet of the air film; the flow structure at the 

inlet of the air film is similar with that of the non-pocket 

case. Consequently, it can be concluded that the supersonic 
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region accompanied with the shock waves is the main 

cause of the vortex flow. For Case 3 and 4, the flow struc-

tures are similar with those of the subsonic cases. Due to 

the increase of the boundary layer thickness in the orifice, 

the effective area of cross section of the flow channel is 

reduced. While when the gas flows into the pocket, the jet 

boundary deflects, which increases the effective area of 

cross section of the flow channel. Hence, the supersonic 

region may form as the same with a Laval nozzle. The ex-

pansion waves may appear at the inlet of the pocket, and 

also, the shock waves may occur at the end of the super-

sonic region. However, the vortex flow always forms as 

the same with the subsonic cases for Case 3 and Case 4. 

It can be seen from Fig. 4 and Fig. 5 that for the 

non-pocket case, when the gas velocity stays subsonic, the 

vortex flow is not observed, while when the supersonic 

region occurs at the inlet position of the air film, the vortex 

flow may form downstream. When a small pocket is used, 

separation bubbles are observed in the pocket, but these 

separation bubbles do not flow downstream along the radi-

al direction, so the vortex flow is not observed. Hence, for 

suppressing the micro-vibration of the bearing without a 

pocket or with a small pocket, it is necessary to eliminate 

the supersonic region, i.e. the maximum Mach number in 

the flow should be less than 1. While for the tapered pock-

et case and the cylindrical pocket case, the vortex flow 

always exists whether or not the supersonic region occurs; 

due to the ever-present vortex flow, the micro-vibration is 

hard to be eliminated completely. However, in such cases, 

the Reynolds number at the inlet of the pocket can be re-

duced to weaken the micro-vibration [10]. In general, the 

maximum Mach number and the Reynolds number should 

both be considered in the shape optimization to reduce the 

micro-vibration. 

4. Analysis of the Displacement Impedance 

To improve the bearing operational stability, the 

self-excited excitation should first be reduced. Moreover, 

the dynamic characteristics such as the stiffness and the 

damping of the air film are concentrated [5, 8]. However, 

only considering the stiffness and the damping is not 

enough for the bearing to improve the load-resistance  

capability. Hence, in this research, the displacement im-

pedance performance of the air film-floating facility sys-

tem is considered in optimization for improving the bear-

ing operational stability. 

Once the air film is regarded as a spring-damping 

system, and when the floating facility is subjected to a 

harmonic excitation, the dynamic equation can be repre-

sented as: 

0

i tmx Cx Kx F e + + = , (1) 

where m is the mass of the floating facility, C is the air 

film damping, K is the air film stiffness, F0 is the ampli-

tude of the external dynamic force and ω is the excitation 

frequency. The displacement x has the same frequency as 

that of the excitation force. Hence, x can be expressed as: 

0

i tx X e = , (2) 

where X0 is the amplitude of the displacement. Substituting 

Eq. (2) into Eq. (1), and the displacement impedance can 

be achieved as: 

2 2 2

0 0/ ( ) ( )Z F X K m C = = − + . (3) 

It can be seen from Eq. (3) that with the larger 

displacement impedance, the smaller displacement ampli-

tude can be achieved. In other words, the displacement 

impedance reflects the capability of the bearing to resist 

the dynamic excitation. Consequently, the displacement 

impedance is also taken as a design objective in optimiza-

tion. Due to the squeeze film effect [20], the stiffness and 

the damping of the air film are highly depending on the 

excitation frequency, and as Eq. (3), the displacement im-

pedance is also influenced by the excitation frequency. In 

calculation of the displacement impedance, firstly the stiff-

ness and damping are both calculated numerically, and 

then the displacement impedance is determined by using 

Eq. (3). The dynamic mesh method is adopted in numerical 

simulation, and a sinusoidal time-dependent displacement 

excitation is imposed on the thrust surface. The air film is 

equivalent to a spring-damping system and both the stiff-

ness and damping are calculated based on the relationship 

between the input displacement excitation and the output 

dynamic force. In application of the dynamic mesh meth-

od, the SIMPLE algorithm is considered and the layering 

method is used. 100 time steps are considered over one 

time period. The load carrying force varies with time, and 

its time-average value equals the static load carrying ca-

pacity actually. In order to verify the calculation accuracy 

of the numerical simulation, the experiments conducted in 

[14] are considered for comparison. In [14], an aerostatic 

bearing with a non-pocket orifice-type restrictor was ana-

lysed. The bearing has a diameter of 50 mm, an orifice 

diameter of 0.1 mm, and an air supply pressure of 0.4 MPa. 

In [14], the static load-carrying capacity was both experi-

mentally measured and numerically simulated, and the 

results were compared. However, in this study, the dynam-

ic load-carrying capacity is investigated, and the time-

averaged value of the dynamic load-carrying capacity is 

compared with the experimental results from [14]. It is 

expected that the time-averaged value of the dynamic load-

carrying capacity should match the experimentally ob-

tained static load-carrying capacity. Firstly, the excitation 

frequency is set to 1000 Hz, and the average value of the 

dynamic load-carrying force W  is calculated numerically. 

Additionally, two types of grids are considered for compar-

ison: in the fine mesh case, the mesh density along the air 

film thickness is twice that of the coarse mesh case. As 

shown in Fig. 6, the numerical results agree well with the 

experimentally obtained values, demonstrating the accura-

cy of the numerical simulation. Furthermore, the numerical 

simulation is mesh-independent. 

The accuracy of the displacement impedance so-

lution is closely related to the calculation of bearing stiff-

ness and damping. Therefore, the calculation accuracy of 

the frequency-dependent dynamic stiffness and damping 

should also be verified. The simulation results for stiffness 

have been compared with experimental data in our previ-

ous work [21], where the experimental results are sourced 

from [20]. The numerical simulation results show good 

agreement with the experimental results. 
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Fig. 6 Comparison between the numerical and experi-

mental load carrying force 

To have a further insight into the effects of bear-

ing parameters on displacement impedance, the approxi-

mate model of displacement impedance represented by 

bearing parameters is established. The radial basis func-

tions (RBF) method is used to achieve a high precision 

analysis model. The basic RBF model is expressed as 

Eq. (4). 
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the radial basis function, c is the shape function factor, 

Z(x) is the interpolation function; 1, 2, …, N+1 are inter-

polation expansion coefficients which should be deter-

mined firstly. 

Once the sample points xr (r = 1, 2, …, N) are se-

lected, the sampling values yr are calculated based on the 

selected sample points, and Eq. (5) is calculated to achieve 

1, 2, …, N+1 based on Eq. (4) as: 
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Each design variable should be normalized firstly, 

and the fitting accuracy of the approximate model is veri-

fied by using the R
2
 factor, which should be larger than 

0.9. In this research, the displacement impedance Z, the 

maximum Mach number Ma, the Reynolds number at the 

inlet Re, and the load carrying capacity W are all consid-

ered in the optimization, and consequently, the approxi-

mate model of these performances are established. The 

considered parameters are d, h, V1, V2, U, Ps, ω for Z, and 

d, h, V1, V2, U, Ps for W, Ma and Re. A layout L121(11
7
) is 

established based on the orthogonal experimental design, 

and 121 sets of numerical simulation have been launched 

for sample taking. The ranges of the bearing parameters 

have been discussed in section 2. Once the approximate 

model is established, the relationship between the bearing 

performance and the parameters is known. As discussed 

above, Ma and Re are highly related to the micro-vibration. 

Commonly, when the air film thickness increases, the air-

resistance is reduced, and both the maximum Mach num-

ber and the Reynolds number increase. Similarly, Ma and 

Re both increase with the air supply pressure. However, the 

variation of Ma or Re with the pocket shape and sizes is 

non-monotonic, so a shape optimization should be con-

ducted. When h= 10 μm, d = 0.1 mm, and Ps = 0.6 MPa, 

the variation of Ma with respect to V1 and V2 under differ-

ent U is shown in Fig. 7. Also, the variation of Re with 

these parameters is shown in Fig. 8. Three pocket diame-

ters are discussed in Fig. 7 and Fig. 8, and the case 

U = 0.1 mm indicates a non-pocket situation. 

 

Fig. 7 Variation of maximum Mach number with respect to 

pocket sizes 

 

Fig. 8 Variation of Reynolds number at the inlet with re-

spect to pocket sizes 

It can be seen that with a larger pocket, although 

the maximum Mach number tends to be smaller, the Reyn-

olds number becomes larger. Once a pocket is used, it in-

dicates that the vortex-excitation is more serious. While for 

the non-pocket case, although the Reynolds number is 

lower, the supersonic region may exist and the vortex flow 

can form when the Mach number is larger than the sound 

speed. As a result, Re and Ma should be considered in the 

optimization both. 

When d = 0.1 mm, and Ps = 0.6 MPa, the variation 

of displacement impedance Z with respect to h and ω can 

be seen in Fig. 9. Three different pockets are considered 

for comparison: for Case 1, U = 0.1 mm, V1 = 0.05 mm and 

V2=0mm, which represents the non-pocket case; for Case 

2, U = 0.5 mm, V1 = 0.1 mm and V2 = 0.1 mm, which rep-

resents the tapered pocket case; for Case 3, U = 1 mm, 
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V1 = 0.15 mm and V2 = 0 mm, which represents the cylin-

drical pocket case. 

 

Fig. 9 Variation of displacement impedance with respect to 

pocket sizes 

As discussed above, the displacement impedance 

represents the capability of the bearing to resist the dynam-

ic load. It can be seen that the displacement impedance 

increases fast with the excitation frequency, and it is due to 

the well-known “squeeze film” effect: when the floating 

facility is subjected to external excitation with high fre-

quencies, the air film becomes stiffer, and meanwhile, the 

inertial force of the floating facility becomes rather large. 

In other words, the bearing can resist the excitation with 

high frequencies effectively. Thereby, the excitation with 

low frequencies should be paid more attention in the bear-

ing design, e.g., when the frequency is lower than KHz-

order. Actually, the vortex-induced excitation can be re-

garded as a combination of a series of harmonic compo-

nents with different frequencies; to reduce the vortex-

induced excitation, and thus suppressing the micro-

vibration, the displacement impedance at low frequencies 

should be especially considered in optimization [21]. For 

both the micro-vibration and the pneumatic hammering 

vibration, the vibration frequency is commonly at KHz-

order [12], which indicates that the displacement imped-

ance in this frequency range should be particularly concen-

trated. It can be seen from Fig. 9 that with decrease of the 

air film thickness, the displacement impedance increases; it 

means that the decrease of the air volume in the bearing 

clearance makes the “squeeze film” effect more signifi-

cant. The variation mechanism of displacement impedance 

with respect to bearing parameters is rather complex; both 

the pocket sizes and the shape have a great influence on the 

displacement impedance. As a result, an optimization is 

needed for searching the optimum displacement imped-

ance. 

5. Shape Optimization of the Air Pocket 

To improve the bearing dynamic performances, 

both the self-excited characteristics and the displacement 

impedance should be considered. For suppression of the 

micro-vibration, Re should be minimized for the bearing 

with an air pocket, and Ma should be less than 1 for the 

non-pocket or the small pocket bearing. The pocket vol-

ume is a key issue in happening of the pneumatic hammer-

ing vibration. It indicates that the volume of the pocket 

should be less than 5%-10% of the whole gas volume in 

the bearing clearance to avoid the pneumatic hammering 

[22]. Hence, the volume ratio is selected as one of the ob-

jective in optimization. Furthermore, the displacement im-

pedance is considered as objectives in optimization. Im-

proving the displacement impedance can greatly raise the 

load-resistance capability of the bearing [21]. Due to the 

fact that the main frequency ranges of the micro-vibration 

and the pneumatic hammering are at kHz-order [12, 16], 

and considering the fact that the bearing can resist the dy-

namic excitation with high frequencies effectively, the 

considered frequency range in optimization of the dis-

placement impedance is selected as 0 Hz-2000 Hz; this 

frequency range is enough for optimization of the dis-

placement impedance [21]. A series of frequency points 

are considered in 0 Hz-2000 Hz and the displacement im-

pedance at these frequency points are maximized. In gen-

eral, the optimization goal is to achieve the best dynamic 

behaviour under a given bearing load, and hence, the opti-

mization model is established as follows: 
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where Wload is the given bearing load, volp is the volume of 

the pocket, volw is the volume of the whole bearing clear-

ance. Zk is the displacement impedance at k Hz, and 6 fre-

quency points are considered. E is the range of the design 

variables, and the design variables include: U, V1, V2, Ps, d. 

Each objective should be normalized firstly, and several 

give bearing loads are considered for comparison. 

In the optimization, firstly the multi-island genetic 

algorithm is adopted. When using this method, the initial 

point is not required, and a more accurate global optimum 

point can be achieved. And then, the Hooke-Jeeves algo-

rithm is considered based on the optimization results 

achieved in the first step. Hooke-Jeeves algorithm is a kind 

of direct search algorithm, and it is commonly used for 

searching an exacter optimum point after the application of 

the global optimization algorithm. The given bearing loads 

include: 80 N, 100 N, 120 N, and the optimization results 

are shown in Table 1. 

Through optimization, the optimum shape and 

sizes of the air pocket are achieved. It can be seen that with 

increase of the given bearing load, the optimum air supply 

pressure increases and the air film thickness decreases, 

Table 1  

Optimization results 

Wgiven, N d, mm Ps, MPa U, mm V1, mm V2, mm h, μm Ma Re 

80 0.105 0.450 0.219 0.060 0.087 12.8 0.72 2489 

100 0.108 0.454 0.278 0.050 0.079 11.9 0.57 2468 

120 0.190 0.455 0.198 0.126 0.075 9.4 0.61 914 
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which conforms to the general law. When the given load is 

small, the optimum orifice diameter nearly reaches the 

lower boundary, while when the given load increases, the 

optimum orifice diameter increases at the same time. The 

optimization results indicate that the combination of the 

cylinder pocket with a tapered inlet part is the best pocket 

configuration. With decrease of the air film thickness, the 

air-resistance is increased, and the gas mass flow rate is 

decreasing correspondingly, which induces the decrease of 

the Mach number and the Reynolds number. 

Design optimization can also maximize the load-

carrying capacity. When this load carrying capacity is set 

as the optimization objective, the optimal parameter com-

bination is determined as follows: d = 0.19 mm, U = 

= 1.1 mm, V1 = 0.05 mm, V2 = 0.007 mm and Ps = 0.7 MPa. 

In this situation, the parameter V2 nearly reaches the lower 

boundary, which means that an entirely cylindrical pocket 

is achieved, and also, a large orifice diameter, a large 

pocket diameter and a small pocket height are applied, 

respectively. In all cases, the constraint of the volume ratio 

is satisfied, which indicates that the pneumatic hammering 

is avoided. Moreover, the Reynolds number is minimized 

and the Mach number is less than 1, which means that the 

micro-vibration is reduced or eliminated. 

6. Conclusion 

The dynamic performances of the aerostatic bear-

ing are concentrated and the air pocket shape is optimized. 

The micro-vibration and the pneumatic hammering vibra-

tion are both reduced to enhance the bearing operational 

stability. And also, the displacement impedance of the air 

film-floating facility system is optimized to improve the 

capability of the bearing to resist the dynamic load. The 

following conclusions can be drawn: 

For the aerostatic bearing without an air pocket or 

with a small air pocket, the flow structures are similar. The 

occurrence of the supersonic region may induce the shock 

waves, and thereby, the separation of boundary layer hap-

pens and the vortex flow forms. For the bearing with a 

large cylindrical or tapered pocket, the vortex flow always 

exists in the air pocket. Because the occurrence of the vor-

tex flow may cause the pressure fluctuation and thus induc-

ing the micro-vibration, the maximum Mach number in the 

air film and the Reynolds number at the inlet of the pocket 

should both be considered in optimization to suppress the 

vortex flow, and thereby reducing the micro-vibration. The 

pocket volume should be restricted to avoid the occurrence 

of the pneumatic hammering. 

The displacement impedance directly reflects the 

capability of the bearing to resist the external dynamic 

load. It increases notably with the excitation frequency, 

which means that the bearing can resist the external load 

with high excitation frequency effectively. To improve the 

dynamic behaviour of the bearing, the displacement im-

pedance should be considered as an objective in optimiza-

tion. 

The dynamic performances are improved through 

shape optimization. The displacement impedance, Reyn-

olds number are taken as design objectives, and the given 

bearing load, the maximum Mach number, as well as the 

volume ratio are considered as design constraint. The re-

sults show that the combination of a cylinder pocket with a 

tapered inlet part is the best pocket configuration. While 

for maximizing the load carrying capacity, an entirely cy-

lindrical pocket is proper. 
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Y. Li 

SHAPE OPTIMIZATION OF THE AEROSTATIC 

BEARING CONSIDERING DYNAMIC 

PERFORMANCES 

S u m m a r y 

The shape optimization is conducted to improve 

the dynamic performances of the aerostatic bearing with an 

air pocket. Firstly, the basic configuration of the air pocket 

used in the optimization is created, and four typical flow 

patterns are discussed. And then, the displacement imped-

ance of the air film-floating facility system is studied, and 

the effects of bearing parameters on displacement imped-

ance are discussed in detail. The approximate model of the 

displacement impedance is established; the optimization 

model is built based on the flow analysis, and both the 

Reynolds number and the maximum Mach number in the 

bearing clearance are considered in optimization to sup-

press the micro-vibration. The shape optimization is con-

ducted and the optimum pocket configuration is achieved. 

Through optimization, the self-excited vibration is reduced, 

and the capability of the bearing to resist the external dy-

namic load is enhanced, which means that the operational 

stability of the aerostatic bearing is improved. The optimi-

zation process offers a reference for the bearing optimiza-

tion in the engineering application. 

Keywords: self-excited vibration, displacement imped-

ance, aerostatic bearing, numerical simulation. 
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