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In order to further study the performance of aerostatic bearing, an aerostatic bearing with a multihole integrated restrictor was
proposed in this paper. Based on the physical model of aerostatic bearings, the governing equation was established, deduced
discretely, and solved numerically by the finite-difference method and flow balance principle in Cartesian coordinates. The
bearing capacity and stiffness of aerostatic bearings have been analyzed, and the relevant experimental research has been carried
out in this paper. The results showed that the number of orifices in the integrated restrictor had a significant effect on the bearing
capacity, and the maximum bearing capacity of a nine-hole integrated throttling bearing was approximately 1.9 times greater than
that of a single-hole bearing. The bearing stiffness was greatly affected by the diameter of the orifices, and the optimum bearing

stiffness was determined. The corresponding gas film clearance also changed accordingly.

1. Introduction

Aerostatic bearings, with a high-pressure gas supplied from
an external air source passing through a restrictor of the
bearing surface into the gas film clearance of the bearing,
generate static pressure by means of the throttling action in
the gas film clearance, leading to the function of the bearing
and lubrication between the bottom of the bearing body and
the working surface of the guide rail support. Because of the
narrow passage that exists in some forms, the restrictor is an
important pressure compensating unit for aerostatic lubri-
cation and bearing capacity. When gas flows from the outlet
and produces a pressure drop, the aerostatic film has a
certain bearing capacity and stiffness. Due to their high
accuracy of motion, wide speed range, small amount of
friction, lack of pollution, and low heat generation, aerostatic
bearings have been widely used in the aerospace industry
and the IT chip manufacturing industry, as well as for the
manufacturing of ultraprecision equipment and national
defense application equipment in addition to other fields
and applications [1-3]. With the development of precision
and ultraprecision technology, higher and more urgent
requirements have been proposed for the stiffness, accuracy,

and stability of aerostatic bearings [4-6]. Due to the com-
pressibility of gases, it is very difficult to improve the bearing
capacity and rigidity of aerostatic bearings. Therefore, im-
proving the bearing capacity and stiffness of aerostatic
bearings is one of the difficulties and active areas in the
research field of aerostatic bearings [7, 8].

To meet the development needs of ultraprecision ma-
chining and measurement, the research and development of
new aerostatic bearings are extremely urgent. Researchers
have focused on the analysis of the bearing structure, the
control method, and the material selection of bearings to
improve the stiffness, bearing capacity, and stability of
aerostatic bearings [9]. Nakamura and Yoshimoto [10]
studied the static characteristics of rectangular aerostatic
thrust bearings and found that the stiffness of hybrid throttle
bearings was greater than that of single throttle bearings.
Patrick and Post Justus [11] studied the characteristics of
surface throttle aerostatic bearings and pointed out the
influence of the number and distribution of throttle holes
and the manufacturing tolerance of throttle holes on the
bearing capacity and stiffness. Fourka et al. [12] studied the
relationship between the supply pressure and the relative
performance of aerostatic bearings and optimized the
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relevant structural parameters of aerostatic bearings by
using various types of restrictors with the static character-
istics of air bearings. Chen and Lin [13] designed a new
type of rectangular gas-lubricated bearing with an X-shaped
rigid pressure equalizing groove on the bearing surface and
found that dynamic characteristic changes and the impulse
response influenced the bearing performance through
simulation calculations. Ma [14] designed parallel multi-
microchannel aerostatic thrust bearings and studied the
bearing capacity and stiffness of the bearings. The results
showed that this new type of air bearing had a better bearing
capacity and stiffness than traditional aerostatic bearings. To
suppress the vortex air flow and reduce nanovibrations of
the bearings, Chen et al. [15] proposed a novel design of
aerostatic bearings with an arrayed microhole restrictor,
which had uniformly distributed micron-sized holes in an
arrayed pattern such that the total restriction area was the
same as that of a single orifice restrictor and studied the eddy
current and microvibration characteristics of aerostatic
bearings with AMR by CFD analysis software. The use of
porous materials could improve the performance of aero-
static bearings, leading to a good bearing capacity and
stiffness and great damping and stability. However, the
development and application of aerostatic bearings have
been limited by the small pore size of materials, which was
easily blocked during manufacturing and normal operation
[16, 17].

Traditional aerostatic thrust bearings use impedance
fixed restrictors such as small orifices and slits. The im-
provement of the load-carrying capacity and stiffness has
been very limited [18, 19]. Combining the advantages and
disadvantages of small orifice restrictors and porous
restrictors, a new type of aerostatic bearing, the aerostatic
bearing with a multihole integrated restrictor, is proposed in
this paper. This new type of bearing is equipped with a
restrictor on the unit area of its working surface, and nu-
merous microholes are integrated on the restrictor. It not
only overcame the problem of the porous throttling holes
being easily blocked but also maintained a high bearing
capacity, rigidity, stability, and other properties of the po-
rous section. Therefore, the aerostatic bearing could be better
applied to various precision and ultraprecision measuring
and processing equipment. In this paper, the lubrication
support mechanism of the aerostatic bearing with a mul-
tihole integrated restrictor is discussed, with a focus on the
influence factors of the bearing capacity and stiffness of
aerostatic bearings, which have been explored and studied
based on parameters such as the number of orifices, the
diameter of the orifices, and the throttled area of integrated
restrictors. The performance test platform of aerostatic
bearings was developed to carry out related experimental
research, which provided a new method and a theoretical
basis for the further study of the lubrication support
mechanism of aerostatic bearings.

2. Physical Model and Governing Equation

2.1. Physical Model. To further study the static character-
istics of aerostatic bearings, a new type of aerostatic bearing
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with a multihole integrated restrictor is proposed in this
paper. Figure 1 shows its physical structure. This new type of
bearing is equipped with a restrictor on the per-unit area of
its working surface according to a certain rule. Numerous
microholes are integrated on the restrictor and distributed
along the surface of the aerostatic bearing. Microholes with
diameters of 0.05-0.3 mm are arranged on each integrated
restrictor. The aerostatic bearing for which the number of
microholes (rounding) of each unit radius r is set to be less
than 2.57 (radius r unit is mm) is called the aerostatic bearing
with a multihole integrated restrictor in this paper.

The upper surface of the rectangular aerostatic bearing
body (shown in Figure 1(a)) studied in this paper is equipped
with four integrated restrictors with a unit area of radius
r=2mm (shown in Figure 1(b)). Four integrated restrictors
with a unit area of radius r=2mm are arranged along the
surface of the aerostatic bearing according to certain rules,
and at least five orifices with diameters of 0.05-0.3 mm are
arranged on each integrated restrictor. The multihole in-
tegrated restrictor has one orifice in the center of the
restrictor and distributes no less than five orifices with di-
ameters of 0.05 mm-0.3 mm around the central orifice along
the annular or other certain rules. The structure of the
multihole integrated restrictor is shown in Figure 1(c), the
material of the multihole integrated restrictor is the brass
material, the microhole in the restrictor is machined by the
electrical discharge machine, and the tungsten wire of
0.05mm-0.5mm is used as the electrode to process the
microhole. The design and assembly of the multihole in-
tegrated restrictor and the aerostatic bearing body were
carried out with a small interference tolerance, which was
established at between 0.0l mm and 0.02mm. The outer
surface of the multihole integrated restrictor was machined
with a shallow groove, and the outer surface of the multihole
integrated restrictor was coated with high-strength glue.
When assembling, high-strength glue entered into shallow
grooves and played the role of sealing and fixing. In
Figure 1(c), A1, A2, A3, and A4, respectively, are the length
sizes of the structural characteristic parameters of the
multihole integrated restrictor; @d1, ©¥d2, @d3, ¥d4, and
d, respectively, are the diameter sizes of the structural
characteristic parameters of the multihole integrated
restrictor.

For the convenience of writing and understanding, the
name of each type of multihole integrated restrictor is de-
fined as n x d, where n denotes the number of microsmall
orifices on each restrictor and d denotes the diameter of the
microsmall orifices. For example, 5x0.2 indicates five
microsmall orifices with a diameter of 0.2mm on the
multihole integrated restrictor.

The aerostatic bearing with a multihole integrated
restrictor is a kind of hydrostatic bearing. It uses high-
pressure air with a certain pressure as a moving lubricating
medium. Figure 2 shows its working principle sketch.

The high-pressure air with a certain pressure is supplied
from external air source equipment. After the supply air is
purified by air-pneumatic triple parts, the air is regulated
and stabilized. Then, it enters multiple air passage 6 in the
aerostatic bearing body 4 through the air inlet 5. To ensure
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FIGURE 1: Schematic diagram of the physical model of aerostatic bearings with multihole integrated restrictor: (a) aerostatic bearing body;
(b) multihole integrated restrictor; (c) structural chart of multihole integrated restrictor.
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FIGURE 2: Schematic diagram of the working principle of the
aerostatic bearing with a multihole integrated restrictor.

that each air passage 6 is running through each other and
preventing air leakage, numerous plungers 3 are installed in
the process hole. Afterwards, the air enters the many in-
tegrated restrictors 2 for throttling. Finally, the air enters
between two moving parts (aerostatic bearing body 4 and
guide rail bearing face part 1) to produce a certain pressure
support and lubrication film to support and balance the
external load. When aerostatic bearings work, there is always
high-pressure lubricating air between the two moving parts,
leading to no direct contact between them. Therefore,
aerostatic bearings have remarkable characteristics such as
no friction and wear, no creeping at low speed, a high ac-
curacy of motion, good damping characteristics, and a good
homogenization effect of the gas film.

2.2. Governing Equation of Gas Lubrication. The fluid mo-
tion proposed in the film clearance of aerostatic bearings

with a multihole integrated restrictor meets three physical
laws: mass conservation, momentum conservation, and
energy conservation. Therefore, the basic equations for fluid
control include the relative continuity equation, the mo-
mentum equation, and the energy equation, and the Car-
tesian tensor expressions are given by formulas (1)-(3),
respectively:
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where t is the time, p is the density, u; is the velocity
component in the j direction in Cartesian coordinates, f; is
the volumetric force component acting in the j direction in
Cartesian coordinates, p is the pressure, 7;; is the element of
the viscous stress tensor (component), the subscript i is the
normal direction of the action surface, the subscript j is the
projection direction of the force, E is the total internal energy
of the unit mass fluid, k is the thermal conductivity, Tis the
temperature, and S’ is the volume heat source term.

In the two-dimensional low-speed state, the lubricating
fluid for aerostatic bearings with a multihole integrated



restrictor is investigated. Its relative sliding speed between
the aerostatic bearing and the plane of the guide rail is very
small compared with the flow rate generated by the gas
pressure. Then, the lubricating fluid is assumed to be a two-
dimensional steady compressible fluid. The static perfor-
mance of the rectangular aerostatic bearings with a multi-
hole integrated restrictor is investigated in this paper. To
ensure mesh division and numerical convergence and sta-
bility, the aerostatic bearings are numerically calculated in
the Cartesian coordinate system. By deducing and simpli-
tying equations (1)-(3), the air lubrication control equation
(4) is obtained in its Cartesian coordinates:
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where h is the gap film clearance, x is the abscissa in Car-
tesian coordinates, and y is the ordinate in Cartesian
coordinates.

According to the theory of fluid lubrication, it can be
concluded that the fluid flow in the gas film clearance of the
bearing should be balanced with the fluid flow at the outlet of
each orifice of the bearing, and the equation of flow balance
(5) should be satisfied:

Qin = Qout' (5)

In formula (5), Qi, is the flow rate into the gas film
clearance through the orifice, and its expression is expressed
by the following formula:
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where A is the area of the throttle orifice, C, is the flow
coefficient of the nozzle, p, is the outlet pressure of the
throttle orifice, p; is the pressure of the external supply, Ty is
the temperature of the supply gas, and « is the adiabatic
coefficient.

Qi = AGY
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Qout is the flow rate of the outflow film gap into the
surrounding environment. Formula (8) is the calculation
formula of the rectangular aerostatic bearings with a mul-
tihole integrated restrictor.
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where y,, is the density of the gas at normal temperature and
pressure, y is the dynamic viscosity of the gas, L is the length

of the bearing in the x direction, and B is the length of the
bearing in the y direction.

+]5’P
dy

} dxy,
y=0 y=B

(8)
op

x=0 Bx

op
ox

}dm)

x=L

2.3. Calculation Formula of Bearing Capacity and Stiffness.
According to the governing equation of gas lubrication (4)
and the flow balance equation (5), the pressure distribution
in the gas film clearance is solved jointly. The bearing ca-
pacity W and the stiffness K of the aerostatic bearings with a
multihole integrated restrictor can be obtained from the
bearing capacity formula (9) and the stiffness formula (10):

B (L
Bearing capacity (W) = j J [p-p.]dxdy,  (9)
0Jo

dw
Stiffness (K) = —.

dh (10)

3. Numerical Calculation

3.1. Discrete Governing Equation of Gas Lubrication. The
governing equation (4) is discretized by the finite difference
method, and the numerical accuracy of the second-order
central finite difference method is used to solve the problem
in this paper.

The node of the x direction is expressed by i, and the
node of the y direction is expressed by j, meaning each node
can be represented by (i, j) in Cartesian coordinates. If f is
approximately equal to p°, then equation (4) will be dis-
cretized by the second-order center difference and merged
into formula (11):

B L(fiﬂ,j + fioj N Sija + fija N
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where B; ; = ((2/Ax)* + (2/Ay)?).

3.2. Boundary Conditions. The aerostatic bearings are
rectangular aerostatic bearings with a multihole integrated
restrictor in this paper. The bearings are connected with the

3 higj—hi finj— fi N 3 hija —hija fija - fi,j—1>
I >

(11)
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i,j

atmosphere around them, and the bearings are symmetrical.
Therefore, a quarter of the OACD part of the bearings is
taken as the research object. As shown in Figure 3, the
boundary conditions are as follows:

(1) When x=0, p=p,; when x=L/2, (0p/dx) = 0.
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F1GURE 3: Schematic diagram of the boundary conditions in the
computational domain.

(2) When y=0, p=p,; when y=B/2,(0p/dy) = 0.

(3) When x=L1/2 and y=B2/2, no matter how many
microholes are installed on the unit area integrated
restrictor, the outlet pressure of all microholes in the
integrated restrictor of the unit area is the same; that

iS, p = Po.

Here, p, is the ambient atmospheric pressure and py is
the outlet pressure of the throttling hole.

3.3. Calculation Process. The finite-difference numerical it-
erative solution calculation is performed on the discrete
control equation (11) by the superrelaxation iterative
method, and the pressure distribution and performance
parameters of the bearing film can be obtained in this paper.
When solving the governing equation (11) numerically, it is
necessary to set the values of the gas film bearing clearance h
and the pressure P, at the outlet of each orifice to obtain the
pressure distribution. However, the values of Py and h must
satisfy the flow balance requirement of equation (5) at the
same time. The arbitrarily set values of Py and h generally
cannot satisfy both equations (5) and (11) at the same time
and need to be adjusted by numerical calculation. The supply
pressure p of the aerostatic bearings is a fixed value. If p, is
larger, p,—po will be smaller, leading to a smaller Q;,,. When h
is set to be constant, if p, is larger, the overall pressure
distribution will increase, leading to larger Q. Therefore, it
is possible to determine whether to increase or decrease the
set value of Q,,, according to the comparison of the sizes of
Qin and Q,,, thus satisfying both equations (5) and (11) at
the same time. Figure 4 shows the calculation diagram of the
aerostatic bearings with a multihole integrated restrictor.

4. Results and Discussion

4.1. Pressure Distribution. The rectangular multihole inte-
grated restrictor aerostatic bearing with a length L =80 mm
and a width B=50mm is selected as the research object.
Figure 1 shows the physical model. By using the difference
expression of the governing equation (11), the boundary

conditions, and the flow chart of bearing performance
calculations, the numerical calculation is solved by the
overrelaxation iterative method. Because the bearings in-
vestigated are symmetrical, one-fourth of them is taken as
the research objects. The number of grids in the x direction is
N=160, and the number of grids in the y direction is
M =100. Thus, the spacing of the grid in the x direction and
the y direction is 0.25mm, basically ensuring that each
microthrottle hole on the unit area throttle is on the
computational grid point. The supply gas is assumed to be a
normal temperature gas for a supply pressure P;=0.5 MPa,
an external environmental pressure P,=0.1MPa, a gas
constant of air R=287]/(kg:K), an absolute temperature
T=288K, an adiabatic index of the air x=1.4, an aerody-
namic viscosity coefficient 4 = 1.883 x 107> N-s/m?, a gas flow
coefficient of the nozzle c,=0.85, a density of the air
p=1.226kg/m? and an iterative convergence accuracy
£=1x10"° Based on a different number of orifices, different
diameters of the orifices, and the same throttled area of the
integrated restrictor, the influence factors of the bearing
capacity W and stiffness K of the aerostatic bearings with a
multihole integrated restrictor are analyzed, and the influ-
ence factors of the static performance of the aerostatic
bearings with a multihole integrated restrictor and the
optimum matching rule of the performance parameters are
explored.

Five orifices with a diameter d =0.2 mm are distributed
on the integrated restrictor with a unit area of radius
r=2mm. The gas film pressure distribution of the aerostatic
bearings is numerically solved at gas film clearances / of
10 ym, 20 ym, 30 ym, and 40 ym. Figure 5 shows the nu-
merical results of the gas film pressure distribution.

It can be seen from Figures 5(a)-5(d) that the distri-
bution of gas film pressure p is symmetrically distributed
under different gap film clearances h. This is mainly because
the physical model of the rectangular aerostatic bearing with
a multihole integrated restrictor is a symmetrical model, and
the multihole integrated restrictor is uniformly distributed
on its working surface.

With the increase in the gas film clearance /1 from 10 ym
to 40 ym, the pressure distribution p in the gas film also
changes significantly and appears to show a decreasing
trend. The peak of the pressure p at the outlet of the orifice
also decreases from 0.499 MPa to 0.260 MPa. It can be
concluded that, with the increase in the gas film clearance A,
the gas film pressure distribution p of the aerostatic bearings
and the comprehensive bearing capacity W also decrease.

4.2. Static Characteristics of the Aerostatic Bearing with a
Multihole Integrated Restrictor

4.2.1. Static Characteristic Analysis under the Different
Numbers of Orifices. The influence factors of the static
characteristics of the aerostatic bearings are analyzed and
studied for different numbers of orifices in the per-unit
restrictor on the aerostatic bearing with a multihole inte-
grated restrictor. With n=1,n=3,n=5n=7,n=9,n=13,
and n =17 and with the other parameters of the integrated
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FIGURE 5: Diagram of gas film pressure distribution: (a) h =10 ym; (b) h=20ym; (c) h=30 ym; (d) h =40 ym.
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restrictor unchanged, the effects of the number of orifices n
on the bearing capacity W and stiffness K of the aerostatic
bearing with a diameter d=0.2 mm are analyzed. Figures 6
and 7 show the numerical results.

As seen from Figure 6, with the increase in the gap film
clearance h, the bearing capacity W of the aerostatic
bearings decreases. With the increase in the number of
orifices n and the same film clearance h, the bearing ca-
pacity W increases. The maximum bearing capacity of a
nine-hole integrated throttle bearing is approximately 1.9
times that of a single-hole bearing, which shows that the
number of orifices of the integrated restrictor has a sig-
nificant effect on the bearing capacity. However, with the
increase in the number of orifices # to a certain extent, the
bearing capacity W increases slowly. By increasing the
number of orifices 1, the bearing capacity of the bearing can
be improved. However, when the number of orifices n
reaches a certain value, the bearing capacity of the bearing
is not obviously increased by increasing the number of
orifices n.

It can be seen from Figure 7 that, with the increase in the
gap film clearance h, the bearing stiffness K of the aerostatic
bearings increases gradually. However, when the bearing
stiffness K increases to a certain extent, the bearing stiffness
K decreases gradually with the increase in the gap film
clearance h. Under a certain gap film clearance h, the op-
timum bearing stiffness K exists for various types of aero-
static bearings. With the increase in the number of orifices #,
the optimum bearing stiffness K increases. However, with
the increase in the number of orifices # to a certain extent,
the optimum bearing stiffness K decreases. With the number
of orifices n, the optimum bearing stiffness K increases, and
the gap film clearance h corresponding to the optimum
bearing stiffness K also gradually increases.

4.2.2. Static Characteristic Analysis under the Different Di-
ameter Orifices. The static characteristics of the aerostatic
bearings are analyzed and studied for the different diameters
of orifices in the per-unit area throttle on the aerostatic
bearing with a multihole integrated restrictor in this paper.
When the other parameters of the integrated restrictor are
unchanged, the influence of the throttle orifice diameter d on
the bearing capacity W and bearing stiffness K is analyzed for
the aerostatic bearing, with n =5 for the number of orifices of
the integrated restrictor. For d=0.01 mm, d=0.05mm,
d=01mm, d=0.15mm, d=02mm, d=0.25mm, and
d=0.3mm, the numerical results are shown in Figures 8
and 9.

It can be seen from Figure 8 that the bearing capacity W
of the aerostatic bearings decreases with the increase in the
gap film clearance h. Nevertheless, the smaller the diameters
d of the orifices is, the more obvious the decreasing trend is.
The diameters d of the orifices have little effect on the
maximum bearing capacity W of the aerostatic bearing.
However, with the increase in the gap film clearance k4, under
the same condition of the gap film clearance h, the bearing
capacity W increases gradually with the increase in the
diameters d of the orifices.
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FiGure 6: Curve of influence of the number of orifices n on the
bearing capacity.
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FiGure 7: Curve of influence of the number of orifices n on the
bearing stiffness.

It can be seen from Figure 9 that, with the change in the
gap film clearance h, under a certain gap film clearance A, the
aerostatic bearing has an optimal bearing stiffness K. With
the decrease in the diameters d of the orifices, the optimum
stiffness K increases gradually. The optimum bearing stiff-
ness K decreases with the decrease in the diameters d of the
orifices, and the gap film clearance h, corresponding to the
optimum bearing stiffness K, decreases gradually.

The diameters d of the orifices have a significant in-
fluence on the bearing stiffness K of the aerostatic bearing.
Especially when it is smaller, the influence of diameters d of
the orifices is more obvious. The bearing stiffness K of the
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aerostatic bearings can be increased by reducing the di-
ameters d of the orifices. Nevertheless, the minimum limit
size of the diameters d of the orifices is limited by the
machining capability. When the diameters d of the orifices is
less than 0.05 mm, the traditional machining process reaches
its limit. Therefore, other factors should be considered
comprehensively to improve the comprehensive static
characteristics of the aerostatic bearings.

4.2.3. Static Characteristic Analysis under the Same Throttled
Area of Integrated Restrictor. When the restrictor orifice of a
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multihole integrated restrictor has the same throttle area S,
the static characteristics of the aerostatic bearing are ana-
lyzed and studied for the number and diameter of the
throttle orifice. When the other parameters of the integrated
restrictor remain unchanged, the comprehensive effects of
the number and diameter of the throttle orifice are analyzed
based on the performance of the aerostatic bearings with an
integrated restrictor, a unit area of radius r=2mm, and a
throttle area of the orifices S=nndh=0.87h mm’. For
nd=1x0.8, nd=2x0.4, nd=4x0.2, nd=8x0.1, and
nd=16x0.05, under  aerostatic  bearings  with
S=0.8mh-mm?, the effects on the bearing capacity W and the
bearing stiffness K are analyzed and studied. The numerical
results are shown in Figures 10 and 11.

As seen from Figure 10, the bearing capacity W of the
aerostatic bearings decreases with the increase in the gap
film clearance h. When the gap film clearance h is less than
35 ym, under the same gap film clearance h for the various
types of aerostatic bearings with the same throttle orifice
area S, the bearing capacity W gradually increases with the
increase in the number of orifices n and the decrease in the
diameters d of the orifices. However, when the gap film
clearance h is greater than 35 ym and has the same throttle
orifice area S, the curves of the bearing capacity W for
various types of aerostatic bearings tend to coincide. The
number of orifices n and the diameters d of the orifices have
little effect on the bearing capacity W.

It can be seen from Figure 11 that, with the increase in
the gap film clearance h, the values of the bearing stiffness K
of various types of aerostatic bearings, which have the same
throttle orifice area S, are also gradually increased. When the
bearing stiffness K increases to a certain extent, it gradually
decreases. Under a certain gap film clearance A, the optimum
bearing stiffness K is found. With the increase in the number
of orifices n and the decrease in the diameters d of the
orifices, the optimum bearing stiffness K gradually increases,
and the gap film clearance h corresponding to the optimum
bearing stiffness K gradually decreases.

5. Experimental

5.1. Experimental Device. On the basis of theoretical nu-
merical calculations and an analysis of the aerostatic bear-
ings with a multihole integrated restrictor, further
experimental research is carried out. According to the
structure and performance parameters of the aerostatic
bearings, a performance test platform for aerostatic bearings
is developed, which mainly tests and analyzes the bearing
capacity, bearing stiffness, gap film clearance, and other
related parameters of aerostatic bearings.

Figure 12 shows the overall schematic diagram of the
performance test platform for aerostatic bearings. The
mechanical and testing system is installed in the mouth-
shaped granite frame 1, and the mouth-shaped granite frame
1 is placed on the granite base 15 to provide vibration
isolation 14 between the mouth-shaped granite frame 1 and
the granite base 15. An installation bracket 6, connection
bracket 7, and connection plate 8 are installed on the left side
of the mouth-shaped granite frame 1, leaving installation
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Figure 10: Curve of influence of the same throttled area on the
bearing capacity.
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Figure 11: Curve of influence of the same throttled area on the
bearing stiffness.

interfaces for subsequent dynamic testing. A loading cyl-
inder 4, static force rod 5, pressure measuring disc 11, and
loading platform 13 are connected in turn along the vertical
centerline of the mouth-shaped granite frame 1. Loading
cylinder 4 is fixed by a cylinder block 2, top wire 3, and
mouth-shaped frame 1. Cylinder 4 loads continuous loading
force F on the tested bearing 10 through a static force bar 5,
and a steel ball 9 is set between the static force bar 5 and the
tested bearing 10 to prevent eccentricity of the loading force
F. The tested bearing 10 is placed on the pressure measuring
disc 11, and the pressure hole is set on the pressure mea-
suring disc 11 according to certain rules to test the pressure
distribution of the tested bearing 10. The pressure measuring

| -
L J 17
16

FI1GURE 12: Schematic diagram of the overall structure for the test
platform.

disc 11 is placed on the bearing platform 13. To test the
external load force F of the bearing 10, static force sensors 12
are installed between the pressure testing plate 11 and the
bearing platform 13, and the bearing platform 13 is installed
on the mouth-shaped granite frame 1. To test the gap film
clearance h of the tested bearing 10, a support bracket 17 is
installed in the mouth-shaped granite frame 1 for clamping
and adjusting a displacement sensor 16.

By adjusting the pressure of the inlet and outlet ports of
the loading cylinder 4, continuous loading of the tested
bearing 10 can be realized. According to the test require-
ments, by adjusting the inlet pressure of the tested bearing
10, load testing is carried out through the static force sensor
12, and the gas film clearance h of the tested bearing 10 is
measured by the displacement sensor 16. The related pa-
rameters of the air supply pressure, bearing capacity, gas film
clearance, and bearing stiffness of other related parameters
of the aerostatic bearings can be tested separately. Figure 13
shows the physical device diagram of the test platform.

The gas film clearance of the tested bearing specimens in
the test platform is tested by a DGS-6C digital inductance
micrometer and a DGC-8 ZG/D inductance displacement
sensor probe, and the measurement range is 100 ym with a
resolution of 0.1 ym. The bearing capacity of the tested
bearing specimens is measured by an LH-S10D force sensor
with a resolution of 0.1 N and a force range of 0-1000 N.

5.2. Experimental Results. Three kinds of rectangular aero-
static bearings with a length L=80mm and a width
B=50mm are selected as test specimens in this paper. The
diameter d of the orifices of the multihole integrated
restrictors is d=0.2 mm, and the number of orifices of the
multihole integrated restrictors is n=1, n=5, and n=9. The
external supply pressure P is 0.5 MPa, the external envi-
ronment pressure P, is 0.1 MPa, and the absolute temper-
ature T'is 288 K. The numerical calculation and experimental
test results of the aerostatic bearings with a multihole
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FIGure 13: Diagram of the physical device for the test platform.

integrated throttle bearing are compared and analyzed.
Figure 14 shows the numerical calculations and experi-
mental test results.

As seen from Figure 14, the bearing capacity W of the
aerostatic bearings with three different structures gradually
decreases with the increase in the gap film clearance h.
Under the same gap film clearance , the bearing capacity of
the aerostatic bearings with a number of orifices n=9 is the
largest, and that of the aerostatic bearings with a number of
orifices n =1 is the smallest. The maximum bearing capacity
of the nine-hole integrated throttle bearing is approximately
1.9 times that of the single-hole bearing, which shows that
the number of orifices of the integrated restrictor has a
significant effect on the bearing capacity. With the increase
in the gap film clearance h, the difference of the bearing
capacity W of three different aerostatic bearings with a
multihole integrated restrictor tends to decrease. The ex-
perimental results are consistent with the general trend of
the numerical results, which also verifies the feasibility and
correctness of the numerical results and the numerical
calculation method.

In Figure 14, the overall results of the numerical cal-
culation results and the experimental test results are con-
sistent. However, there are some differences between the
calculation results and the experimental test results of the
aerostatic bearing. The bearing capacity W of the experi-
mental test is generally lower than that of the numerical
calculation. The main reasons for this phenomenon are as
follows:

(1) Although the mathematical model considers many
major influencing factors, there are still some factors
that have less impact and are ignored, leading to
higher numerical results.

(2) The flow balance equation used for numerical cal-
culations should adopt an adiabatic model at the
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bearing capacity.

outlet of the restrictor, and the nozzle flow coefficient
Co should be a variable parameter coefficient rather
than a given empirical constant.

(3) The accuracy and consistency of the data acquisition
sensor of the experimental test platform and the
influence of the external environment on the ex-
perimental test should be considered.

(4) It is assumed that the working plane of the bearings
is an ideal one in the numerical calculations, but due
to limitations of the actual grinding and polishing
processing level, the working surface Ra of the actual
bearing specimen is approximately 0.1 ym, the flat-
ness is approximately 0.9 ym, the supporting surface
Ra of the pressure measuring disc is approximately
0.1 ym, and the flatness is approximately 1 ym. All of
these parameters are high in the center and low in the
circumference, which results in the difference of the
sealing effect of the bearing and the test of the film
clearance of the bearing.

(5) The roundness of the multiple orifices on the bearing
throttle and the consistency of the diameters of the
orifices are not easy to strictly guarantee in actual
processing, which will also cause some differences
between the numerical calculations and the experi-
mental results.

6. Conclusion

A new type of aerostatic bearings with a multihole integrated
restrictor was proposed in this paper. The influence of
several performance parameters for the multihole integrated
restrictor on the bearing capacity and stiffness of aerostatic
bearings is explored and studied, and the related experi-
mental verification work was performed in this paper. From
the results, we made the following conclusions:
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(1) With the increase in the number of orifices, the
bearing capacity of the aerostatic bearings with a
multihole integrated restrictor increases. The num-
ber of orifices of the integrated restrictor has a
significant effect on the bearing capacity. The
maximum bearing capacity of a nine-hole integrated
throttle bearing was approximately 1.9 times greater
than that of a single-hole bearing, and the bearing
capacity of the aerostatic bearings with a multihole
integrated restrictor is obviously better than that of
the aerostatic bearing with a single-hole restrictor.

(2) Under a certain film clearance, all kinds of aerostatic
bearings have their optimum bearing stiffness. With
the increase in the throttle orifice number, the op-
timum bearing stiffness first increases and then
decreases. The diameter of the throttle orifice has an
obvious influence on the bearing stiffness. With the
increase in the number of orifices and the decrease in
the diameters of the orifices, for the same throttle
orifice area, the optimum bearing stiffness of the
bearings gradually increases.

(3) Through numerical calculations and experimental
tests, the experimental results are in good agreement
with the numerical results, which verifies the feasi-
bility and accuracy of the numerical calculations and
the numerical method. This study further enriches
the theory of and experimental research on the lu-
brication support of aerostatic bearings and provides
a new idea and theoretical basis for further im-
proving the bearing capacity and stiffness of aero-
static bearings.
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