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Analysis of micro vibration in gas film of aerostatic guide way based on
molecule collision theory
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Abstract. Micro vibration of the aerostatic guide way has a significant impact on its dynamic characteristics
and stability, which limits the development of pneumatic component. High pressure gas molecules have been
collided with the supporting surface and the internal surface of the throttle during the flow process. Variable
impulse of the surfaces aside for the gas film are affected by the changes of impulse which formed irregular
impact force in horizontal and vertical direction. Micro-vibration takes place based on the natural frequency of
the system and its frequency doubling. In this paper, the vibration model was established to describe the
dynamic characteristics of the gas film, and the formation mechanism of micro vibration in the film is defined.
Through the simulation analysis and experimental comparison, formation mechanism of the micro vibration in
the gas film is confirmed. It was proposed that the micro vibration of gas film can be produced no matter
whether there is a gas chamber or not in the throttle. Under the same conditions, the micro vibration of the
guide way with air chamber is greater than that without any chamber. The frequency points of the vibration
peaks are almost the same, as well as the vibration pattern in the frequency domain.

0 INTRODUCTION
With the development of ultra precision motion platform,
micro vibration has become a major problem which
restricts the development of air flotation technology.
Studying the mechanism of micro vibration is very
important for improving the movement and positioning
accuracy of air floatation platform[1-3]. Micro vibration
is different from the “air hammer phenomenon” from the
static pressure guide , It is mainly due to the gas film
clearance between the film and the internal support
platform of uneven force distribution has certain
amplitude near the equilibrium position of the law on the
deflection or vibration. Aoyamae et al. It is speculated
that the micro vibration in gas bearing is caused by the
flow of gas in the pressure chamber[4]:Chenxuedong et al.
Through the simulation experiments, it is proved that the
phenomenon of the air cavity of the small orifice throttle
air pressure guide rail is related to the micro vibration,
Gas flow in the gas film can also cause the micro
vibration, but less than the micro vibration of the
cyclone[5] ˗ Zhang Ming et al. Think that the main
reason of the micro vibration in the ultra precision
working table system of the air bearing is that the
turbulence of the gas flow in the gas flow is formed and
the measures to restrain the vibration of the micro
vibration [6].Dong Ju Chen et al by Reynolds equation
derived row orifice form hydrostatic slideway of the gas
film stiffness formula and Study on machining accuracy
of workpiece caused by fluctuation of gas membrane
effect[7].Ji Lujun et al. Use the linear perturbation
a

method to establish the stability of the Reynolds equation
and the Reynolds equation and the bearing motion
equation to study the dynamic analysis model of the
vertical impact caused by the static pressure rail
fluctuations[8]. The amplitude of the micro vibration is
typically between a few nanometers to tens of nanometers,
and the frequency range from tens of hertz to several
thousand hertz. For the cause of the vibration of the
micro vibration, it is generally accepted that the gas flow
pattern of the gas is caused by the flow of the gas, But
there is no reasonable explanation for this kind of
fluctuation, In this paper, the point of local impulse is
changed from the velocity vector of gas molecule
collision, and the micro vibration of the gas film is
described by the simulation and experiment, This paper
provides a new way of thinking for the fundamental
suppression of gas film fluctuation.

1 Study on formation mechanism of gas
film fluctuation


(a) orifice throttling
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clearance of gas film inner surface collision foldˈAnd
then directly into the gas film thickness of h; Most
molecules collide with each other, and the gas molecules
collide with the surface of the gas, The velocity vector of
the gas chamber is changed dramatically, and the impulse
of the wall is changed rapidly, so that the wall is not
balanced.
For torus throttling, The law of the movement of the
gas molecules is similar to that of the molecular motion
of the orifice, But because of the small hole in the wall,
the pressure in the horizontal, vertical, and the velocity of
the molecules is increased, and the pressure of the air
floating block is not balanced in the three-dimensional
direction. The main source of the micro vibration of the
torus is the energy conversion of the high pressure jet
molecules and the energy conversion and the imbalance
of the gas molecules in the vertical direction after the
impact of the support surface. The mechanism of the
micro vibration of the static pressure guide rail is
analyzed from the gas flow pattern, which is caused by
the impact of the high pressure gas and the wall of the
throttle.
The molecular interaction between molecules and the
surface of the film space in the collapse of the collision,
After entering the real meaning of the supporting
lubrication region, the gas molecules in the pressure
difference, the velocity vector in the horizontal
component is much larger than the vertical direction, The
change of molecular velocity vector is small, and the
degree of micro vibration caused by this is very weak.


(b) torus throttling
Figure 1. common throttle.

Figure 1 (a) is shown as a small orifice throttling view,
figure 1 (b) is a torus throttling view, In this paper, the
characteristics of the gas flow in a complex throttle
device with a gas chamber are described ,The torus
throttle represented that no flow law of gas cavity internal
gas throttling device
The orifice restrictor, external high-pressure gas into
the gas chamber through the gas supply hole, gas velocity
vector does not change in the high pressure jet, between
the molecules by diffusion, the colliding molecules
directly into the gas chamber, high pressure jet impact on
the cavity at the bottom of the gas molecules From the
beginning of the impact hypothesis, all the kinetic energy
into pressure energy, The speed of the molecules that
impact the bottom of the gas chamber is reduced, and the
bottom temperature can be increased, which makes this
part of the surface heat flow occurs at the instantaneous
maximum, The support at the bottom of the thermal strain
and cause fluctuation of gas film. The molecular impact
area is A, then there is:

 Alv 2
2
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2 Simulation Analysis and experimental
verification

In this formula˖l is the equivalent gas film thickness of
the gas chamber, l  h   ˗ E is a gas volume elastic
modulus; c is the local speed of sound, c  El  ˗ pmax

2.1 simulation analysis

is the peak value of pressure; pmax  pv E    cv , The
energy absorbed by the elastic deformation is not
considered in the derivation process, and the actual pmax

In this paper, the geometric parameters are used to enter
the hole diameter d  0.15mm and the gas chamber
diameter is d  1mm , Torus throttle orifice floating
block gas cavity height   0.1mm floatation block and
inlet diameter of d  0.15mm , In the gas supply
pressure of 0.3MPa and 0.6MPa, the air gap is 30 μm The
results of CFD software simulation as shown in figure 2,
With the increase of gas supply pressure, the inlet gas
velocity of the throttle orifice and the torus is increased,
the momentum of the vertical or the surface of the
support is changed dramatically, which is characterized
by the increase of the gas pressure. By the figure 2 (d) (c),
the velocity vector is changed, the cyclone is formed in
the gas chamber, with the increase of inlet pressure, the
molecular velocity vector of the cyclone and the change
of the surface impulse in the gas chamber. By (a) (c), (b)
(d), it can be known that the presence of the gas chamber
makes the molecular velocity of the gas chamber is larger
than that of the same range, and the speed vector changes
dramatically. Fig. 3 shows that the velocity of the gas
molecules is greater than that of the gas flow in the center
of the high pressure gas inlet. Because the simulation of
CFD software is based on the assumption that the

is smaller than the calculated value.
The interaction between the gas molecules and the
wall of the supporting surface is affected, Supposed that
the  v part of the stream is completely diffuse, Then the
rest of the (1   v ) part is completely specular reflection.
Specular reflection and diffuse reflection to the direction
of movement of gas moleculars change. It is assumed that
the molecules of the surface of the left surface are
scattered by the Maxwell distribution, and the velocity
distribution function is:
m 32
m '2
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In this formula˖ n is the molecular number density, m is
molecular weight, c ' is the molecular heat movement
speed, k is Boltzmann constant, T is the thermodynamic
temperature in equilibrium state.
Since the H is micron level, Small part of the
molecule after collision between molecules and the
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simulation results of the laminar turbulence model are
obtained, it is not be very accurate to simulate the motion
trajectory of molecules with the collision avoidance,
Figure 4 is the use of LAMMPS software to simulate the
flow of molecules with the wall surface after the collision,
the molecular velocity vector changes. It can be seen that
the velocity vector of the molecules of the high speed
movement changes sharply, resulting in the rapid change
of the wall, which makes the stress of the wall is not
balanced.
Fig 4. LAMMPS simulation to flow molecular and wall
collision trajectories.



2.2 Experimental verification

(a) P=0.3MPa torus throttling speed vector variation
diagram
(a) P=0.3Mpa small hole throttle floating support signal

(b) P=0.6MPa torus throttling speed vector variation
diagram
(b) P=0.6Mpa small hole throttle floating support signal

(c) P=0.3MPa orifice throttling velocity vector variation
(c) P=0.3Mpa torus throttle floating support signal

diagram

(d) P=0.6Mpa torus throttle floating support signal
Figure 5 .orifice and torus throttle floating support signal.

(d) P=0.6MPa orifice throttling velocity vector variation
diagram
Fig 2. the variation of the internal velocity vector of two kinds
of throttle under different inlet pressure.

Figure 5 (a) (c) respectively as the gas supply pressure is
0.3MPa, gas film clearance h is about 30, the orifice and
torus throttle floating support time domain signal. Figure
5 (b) (d) respectively as the gas supply pressure is
0.6MPa, gas film clearance h is about 50, orifice and
torus throttle floating support time domain signal. Under
the same air supply pressure and gas film clearance did
not differ much, degree of micro vibration of throttle
orifice is about 2 times the torus throttle micro vibrational
degrees of, with the increase of the air pressure, small
hole throttle cavity and the torus knots flow increased
speed of gas molecules within the scope of the hole at the
end of, fierce collision and velocity changes more
frequently, rail surface by pressure variation has become
even more unbalanced, the degree of micro vibration
becomes large.

Fig 3 . gas molecular velocity diagram on the axis of the inlet
center.
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Figure 6 is a diagram of the orifice and the frequency
domain signal torus throttle floating vibration of support,
which is similar to the vibration between the two laws,
The peak signal of vibration is 16KHZ, 25 KHZ, 32 KHZ,
38 KHZ, 45 KHZ, these frequencies are close to the
natural frequency of air flotation system. In the low
frequency range, the peak phase difference between the
orifice and the torus is larger than that of the high
frequency section. From the experimental results, we can
know that there exists a micro vibration phenomenon in
the throttle and the torus, but because of the existence of
the hole wall, the velocity vector of the three-dimensional
direction of the hole is increased, which makes the micro
vibration of the orifice is greater than that of the torus.
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