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Abstract. In order to research the transient-state flow field characteristics of spherical spiral groove 
aerodynamic bearings, the bearing's 3D micro gas film mathematical model was established, and 
analyzed the 3D gas film pressure field of the bearing based on the FLUENT software of fluid dynamics, 
and obtained the bearing structure parameters and operation parameters of the maximum bearing load 
capacity. Based on the maximum bearing capacity, the effects of different speeds and eccentricity ratio 
on dynamic characteristic coefficients were studied, and to explore the gas bearing’s transient nonlinear 
dynamic behavior. The axis orbit of the bearing in different speeds is simulated and the stability of 
bearing is researched. The results show that based on the maximum bearing capacity, a reasonable 
choice of the bearing speed and eccentricity contributes to improve the dynamic characteristics, and the 
stability of rotor-bearing system. The paper provides a theoretical prediction to improve the stability of 
gas bearing in complex environment. 

Introduction 
Due to the high rotation speed of aerodynamic bearings that can reach several hundreds of thousands 
revolutions per minute, the gas film pressure changes presented a very complicated nonlinear 
stochastic process [1, 2, 3, 4]. When subjected to the influence of external factors, the rotor will 
perform random movement with the change of load in the center of axis. The dynamic characteristic 
coefficients reflect to the internal relations between the displacement and velocity when the rotor is 
subjected to external loads variation [5, 6], and it can be characterized by the dynamic stiffness and 
dynamic damping of the micro film and analyzed the rotor’s unbalance response, critical speed & 
stability [7, 8]. Based on the axis orbit, the working condition of the gas bearing can be obtained, and 
the minimum gas film thickness and the rotation accuracy of the bearing can be obtained, and the 
stability of the bearing is also determined [9, 10, 11, 12]. 

In order to research the transient-state flow field characteristics of spherical spiral groove 
aerodynamic bearings, the bearing's 3D micro gas film model was established, and then analyzed the 
influence of the bearing dimensionless eccentricity, dimensionless groove width ratio, dimensionless 
groove depth ratio, rotation speed variations to bearing capacity, and obtained the bearing structure 
parameters and operation parameters of the maximum bearing capacity. Based on the maximum 
bearing capacity, the effects of different speeds and eccentricity ratio on dynamic characteristic 
coefficients were studied, and analyzed the effects of different speeds and eccentricity ratio on stability. 
The axis orbit of the bearing in different speeds was simulated and the stability of bearing was 
researched. 

Mathematical modeling 
The spherical spiral groove aerodynamic bearing is mainly composed of rotor and stator, the surface of 
the rotor is machined a certain number of spiral grooves, and the spiral groove consists of ridge and 
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groove, the larger part of gap called groove and the smaller called ridge, the spherical spiral groove 
aerodynamic bearing section sketch is illustrated in Fig. 1. As the rotor rotates relative to the stator at 
a high speed, the spiral groove not only forms the staircase effect on bearing, but also increases the 
pump bearing gas effect, which well promotes aerodynamic bearing hydrodynamic effect. 

 
Fig. 1. Schematic diagram of spherical spiral groove aerodynamic bearing 

ω  is rotational speed, rb  is ridge width, gb  is groove width, gh  is film thickness at a groove, angle 
o251 =α , °= 472α , groove number 5=gN , spiral angle o70=β , Bearing radius mmR 8.4= ; gas film 

clearance m10=0 µh ; gas viscosity spa.10833.1 5−×=µ ; atmospheric pressure pap 5
0 10013.1 ×= ; 

dimensionless eccentricity 4.0=ε ; dimensionless groove width ratio 5.0)/( =+= grr bbbb ; 

dimensionless groove depth ratio 6.3/)( 00 =+= hbhh g . 

Finite Element Model 
The model of the spiral line is established by space spherical coordinates. The 3D gas film model of the 
spherical spiral groove aerodynamic bearing is established by the 3D model software Pro/E, the 3D 
model of the gas film is shown in Fig. 2.  

 
Fig. 2. The 3D model of the gas film of spherical spiral groove aerodynamic bearing 

Steady-state characteristic factors  
The 3D gas film model of the bearing is established by the 3D model software Pro/E, using the former 
processing software ICEM software to grid the gas film bearing model, and three boundary condition 
of air inlet, air outlet and wall boundary conditions were set. The mass conservation equation and the 
momentum conservation equation were dispersed by the finite volume method, and the pressure 
difference format was linear differential. Other discrete equations were the second-order difference 
format, and the method of pressure-velocity coupling was the SIMPLE algorithm. The gas film flow 
field were simulated, and obtained gas film pressure distribution contours and radial & axial bearing 
capacity. 

The load capacity is an important index to reflect bearing performance. This paper mainly analyses 
the effect to the load capacity with the change of operational parameter of rotation speed N and 
structural parameters of groove width ratio b , groove depth ratio h , eccentricityε . 

Fig. 3-1 shows the load capacity curve of the different rotation speed is consistent with the change 
of groove width ratio b . With the increase of the rotation speed N , the load capacity of the bearing is 
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better. The bearing capacity increases with the increase of the ratio of groove widthb . When 5.0=b , 
the bearing capacity of three curves is up to the maximum value. 

Fig. 3-2 shows the load capacity curve of the different rotation speed is consistent with the change 
of the groove depth ratio h , and with the increase of the rotation speed N , the capacity of the bearing 
is better. The bearing capacity increases with the increase of the ratio of the groove depth ratio h . 
When the groove depth ratio is 3.6, the load capacity is the most suitable for the aerodynamic bearing, 
and then bearing capacity decreases with the increase of groove depth ratio. 

Fig. 3-3 shows the load capacity curve of the different rotation speed is consistent with the change 
of the eccentricityε . Along with the increase of the eccentricityε , the load capacity is increasing and 
the hydrodynamic effect is more obvious. 

Whenε =0.4, b =0.5, h =3.6, the bearing capacity of three curves is up to the maximum value. In 
this paper, the analysis of nonlinear dynamic characteristics and stability of the bearing would be used 
in these parameters. 
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Fig. 3-1 Variation of WZ with b        Fig. 3-2. Variation of WZ withh       Fig.3-3. Variation of WZ withε  

Analysis of dynamic characteristic coefficients of bearing 

The differential calculation model of stiffness and damping coefficients 
When the rotor is subjected to displacement and velocity fluctuation in static equilibrium position, and 
the gas film pressure changes is a very complicated nonlinear stochastic process. If the rotor deviated 
from the steady state position O1 in the ξ, ϕ, z directions, force analysis as shown in Fig. 4. The gas 
pressure of the steady state position can be expressed as: p0=(ξ, ϕ,z;e0,θ0,z0;0,0,0), transient pressure 
distribution: p=p(ξ, ϕ,z;e, θ, z; e& ,eθ& , z& ). 
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Fig. 4. Force analysis 

The Calculation method of stiffness coefficients 
When rotor has a small perturbation displacement in the horizontal direction, the perturbation 
displacement in vertical direction and the perturbation velocity in two other directions of the gas film 
force are zero, and then the gas film force increment can be expressed as Eq.1: 
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(1) 
First, the gas film force increment ΔFe, ΔFθ and ΔFz were calculated when the rotor was deviated 

before and after in the horizontal and vertical direction. The gas film stiffness coefficients kee, kθe, kze 
and keθ, kθθ , kze and kez, kθz ,kzz can be obtained by rotor’s tiny displacement perturbation e/h0,θ/h0 and 
z/h0 (e/h0,θ/h0 and z/h0 were 0.001mm)in x, y, z direction. 
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Fig. 5 shows the variation law of the calculated values of the dynamic stiffness coefficients with the 
speed (N=80000, 120000r/min) and the eccentricity (ε=0.1, 0.2, 0.3, and 0.4): 

(1) The main stiffness coefficients kee, kθθ, kzz are linearly increased with the increase of speed and 
eccentricity, and the cross-coupled stiffness coefficients also present a tendency of increasing. It was 
found that the main stiffness coefficients increased obviously than the cross-coupled stiffness 
coefficients, and which revealed that the higher of the rotation speed, the more obvious of 
hydrodynamic effect of the aerodynamic bearings. 

(2) In addition to the cross-coupled stiffness coefficients keθ、kez, the other cross-coupled stiffness 
coefficients of aerodynamic bearing increased obviously with the increase of eccentricity ε. 

(3) As the main support directions ξ, z of the loaf capacity, the values of the direct stiffness 
coefficients kee, kzz are larger. The ϕ is the non-main support direction, so the value of stiffness 
coefficient kθθ is relatively small. In general, the cross-coupled stiffness coefficient keθ, kθe, kze and kθz in 
the non-main support direction are a little less than cross-coupled stiffness coefficient kez and kze. 
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Fig. 5. Variation law of the calculated values of dynamic stiffness coefficients with N and ε 

The Calculation method of damping coefficients 
When the rotor has a small perturbation velocity in the horizontal direction, the perturbation velocity in 
the vertical direction and perturbation displacement in other two directions of gas film force are zero, 
and then the gas film force increment can be expressed as Eq.2: 
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First, the gas film force increment ΔFe, ΔFθ and ΔFz were calculated when the rotor was deviated 
before and after in the horizontal and vertical direction. The gas film stiffness coefficients bee, bθe, bze 
and beθ, bθθ, bzθ and bez, bθz, bzz can be obtained by rotor’s tiny displacement perturbation (e& /Nh0, /θ& Nh0 
and z& /Nh0 were 0.001mm)in x,y,z direction. 
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Fig. 6. Variation law of the calculated values of dynamic damping coefficients with N and ε 

Fig. 6 shows the variation law of the calculated values of the dynamic damping coefficients with 
the speed (N=80000, 120000r/min) and the eccentricity (ε=0.1,0.2,0.3,0.4): 
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The main damping coefficients bee, bθθ, bzz are increased with the increase of the speed and 
eccentricity, and which reveals that the higher of the rotation speed, the more obvious of hydrodynamic 
effect of the aerodynamic bearings. 

As the main support directions ξ, z of the load capacity, the value of the damping coefficients bee, 
bzz are large. While the value of direct damping coefficient is small as the ϕ is the non-main support 
direction. The cross-coupled damping coefficients beθ, bθe, bzθ and bθz related to the non-main support 
directions are a little less than the cross-coupled damping coefficients bez and bze. 

Analysis of stability 
The Jeffcott rotor system is supported by two aerodynamic bearings which are taken as the research 
object, and the bearing-rotor system is shown in Fig 7. 
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Fig. 7. The Schematic diagram of the Jeffcott rotor model 

The transient flow field of the bearing-rotor system was solved based on the method of gas-solid 
coupling. The gas film force can be solved by FLUENT, the acceleration, velocity and displacement can 
be obtained by equation(3, 4, 5). The axis orbit was simulated and analyzed the stability of 
rotor-bearing system.  
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Fig. 7 shows axis orbit of the aerodynamic bearing in the speed 60000r/min, 100000r/min, the mass 
of rotor on this bearing is 0.09kg, mass eccentricity  ex=ey=1.0×10-6m. 

Fig. 7 shows with the speed increased, the stability margin of the bearing-rotor system is decreased. 
When the speed reached 100000r/min, the axis orbit is easily disturbed, and then bearing rotor system 
is prone to instability phenomenon. 

               
                                        (a)N=60000 r/min                             (b)N=100000 r/min 

Fig. 8. The charts of axis orbit in different speed 
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Conclusions 
(1) Under different rotation speed, the bearing structural parameters with groove width ratio, 

groove depth ratio, and eccentricity have more obvious effect on the bearing capacity. 
(2) The increase of the bearing's speed contributes to improve the dynamic characteristic 

coefficients, while the system stability approaches the critical state. The system stability in the low 
speed range is better than the stability in the high speed range. 

(3) With the increase of the eccentricity, the stiffness coefficients increases obviously, while the 
damping coefficients increase easing up. The system stability approaches the steady state with the 
increase of the eccentricity. 

(4) The influence of the dynamic characteristic coefficients on the stability of the bearing-rotor 
system depends on the comprehensive effect of stiffness and damping. The increased of the bearing’s 
speed and eccentricity contributes to improve the dynamic damping coefficients of bearings. 
Meanwhile, the dynamic damping coefficients have a certain inhibiting effect on the axis orbit. It can 
consume the whirl energy and improve the stability of the bearing-rotor system. But the stability of the 
bearing-rotor system will approaches the critical state with the increase of the speed constantly, which 
is a factor for the system instability. The eccentricity contributes to inhibit the whirling, but the large 
eccentricity can generate collision and friction to damage the bearing. Therefore, a reasonable choice of 
design parameters contributes to improve the bearing's comprehensive properties. 
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