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Abstract: Gas Foil Bearings are self-acting hydrodynamic bearings, where two additional foils are added. The bump 

foil is added just below the bearing sleeve and top foil is added below the bump foil. The top foil pushes the bump foil 

which is elastic in nature, during the working conditions with the help of working fluid pressure. GFBs are used in 

many lightly loaded high-speed turbo machines such as compressors used for aircraft pressurization and small micro 

turbines. In present work is to calculate the stiffness coefficient produced due to static deflection of GFBs with different 

nominal radial clearance due to static load using finite element analysis (FEA) also to investigate the effect of 

temperature on stiffness coefficient of the foil bearing as the temperature of the working environment increases. 
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I. INTRODUCTION 

Gas foil bearings (GFB) shown in Fig: 1 is 

classified under the category of air bearings. Gas foil 

bearings are self-acting hydrodynamic bearings. This type 

of bearing has three essential components. Namely; Bearing 

sleeve, bump foil, top foil respectively from an outer 

surface to the innermost. The shaft is supported by a thin 

layer of the working fluid i.e, air. As the journal starts 

moving at high speed, the lubricant i.e, air pushes the shaft 

away from the top foil to avoid contact. The shaft and the 

top foil are separated by a air film of high pressure which is 

generated by the rotation of the shaft, pulling the air into 

the bearings due to viscosity effects. The rotor’s high speed 

with respect to the gas foil bearing generate a gap initially 

which prevents direct contact and reduces wear and tear. 

Gas foil bearings do not require an external pressurised 

system for the working fluid like the aero and hydrostatic 

bearings, therefore these bearings are self -starting. Micro 

turbo machinery requires the gas foil bearings to be 

compact and light in weight, should be able to work at 

different temperature ranges. Gas foil bearings work at a 

less friction conditions and produce less heat, and do not 

need any lubricating system and sealing. Therefore, GFBs 

are compact, reliable and light in weight, gives an 

opportunity to remove the oil or lubricant reducing weight 

and enhancing the temperature capacity. Since these gas 

foil bearings do not require or do not use lubricants they 

don’t contaminate the nature and are eco-friendly. Hence, 

GFBs with higher values of stiffness, damping coefficients 

and economic in nature provide wide range of its use 

commercially. 

 
Fig: 1 Basic parts of Gas foil bearing [4] 

 

H.Heshmat et.al [1] work is concerned with an evaluation 

of the performance of a gas journal bearing using a spring 

supported compliant foil as the bearing surface. The 

analysis, conducted for both single and multipad 

configurations, is concerned with the effects that the 

various structural, geometric, and operational variables 

have on bearing behavior. Ku and Heshmat [2] developed a 

method to obtain the stiffness of a complaint foil bearing. 

The results show the dependency between the bump foil 

stiffness and several parameters such as the bump 

configuration, surface coating and the presence or absence 

of lubrication. The bump thickness does not affect the local 

stiffness, but the bump pitch increases the local stiffness. In 

the same sense, Ku [4] describes the effects of bearing 

parameters, such as static loads, dynamics displacement 

amplitudes, bumps configurations, pivot locations and 

surface coating in  dynamic characteristics of a Gas foil 

bearings. Experimental and analytical results show that as 

the load increases or dynamic displacement amplitude 

decreases, the dynamic structural stiffness increases. J.-P. 
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Peng;M. Carpino [3] calculated the stiffness and damping 

coefficients of an elastically supported gas foil bearing. The 

fluid film thickness, the Reynolds equation is used and also 

finite difference method or using the other numerical 

methods, pressure profile is calculated. The structural 

model consists only of an elastic foundation. The fluid 

equations and the structural equations are coupled. A 

perturbation method is used to obtain the linearized 

dynamic coefficient equations. A finite difference 

formulation has been developed to solve for the four 

stiffness and the four damping coefficients. The effect of 

the bearing compliance on the dynamic coefficients is 

discussed. Agrawal [4], [5] explained the progress of GFB 

from the initial stage for the past 25 years in a 

chronological order, for the turbo machinery. He mentioned 

that various machines are still in the production stage and 

gave an example of the GFB air cycle machine on the 747 

aircraft which was constrained to a mean time between 

failures in excess of 100,000 hours. He also mentioned 

many advantages of GFB and current varieties of GFBs in 

use with their advantages respectively. Analytical methods, 

their disadvantages and their relationships with the test 

results were given. Additionally, he explained different 

machines leaving the air machines, developed and tested 

with gas foil bearings and these various speed turbo 

machines along with the higher temperature applications 

can be developed and designed using the gas foil bearings, 

improving the efficiency and decreasing the cost of the 

machines. 

Iordanoff [6] proposes a rapid method design for the elasto 

aerodynamic problem in foil thrust bearings based on the 

solution of Reynolds equations. Bearing performance is 

identified three different approaches. These methods are 

applied successfully for the design of an 80mm O.D., 

40mm I.D. Chen et al. [7] proposed a tape type foil instead 

of bump foil in a helium turbo compressor and had 

successfully replaced the bump foil. Both bump type and 

tape type foil bearings are described, the design and 

fabrication are done, and results of a comparison test 

between the first and substitution bearing. Frictional torque 

of foil bearings is greater when the rotor starts up and 

decreases when the rotor speed is high enough to generate a 

hydrodynamic film. The same characteristic is observed 

from the coast down response of the rotor. Steady state and 

transient tests are also performed. Howard and Della Corte 

[8] discussed the effect of the load, temperature, critical 

speed in the Gas foil bearing, stiffness and the damping 

coefficients. A two degree of freedom system models the 

stiffness and damping due to friction and viscous contact 

between the surfaces. According to the results obtained, 

stiffness can be relied upon to change by a factor of a two 

or three with huge changes in load or speed. Another 

important result achieved from this study explains that the 

damping mechanism in foil bearings can be explained by 

frictional and viscous sources Dario Rubio and San Andres 

[9] Gas foil bearings satisfy many of the requirements 

mentioned for novel oil-free turbo-machinery. The 

mechanical structural traits of foil bearings, namely 

stiffness and damping, have been largely unnoticed in the 

archival literature. Four commercial bump-type foil 

bearings had been obtained to measure their load capability 

beneath conditions of no shaft rotation. The test bearings 

comprise a single Teflon-coated foil supported on 25 

bumps. The nominal radial clearance is 0.036 mm for a 38 

mm journal.  ojciech  i skowski    awe   ietkiewic    

 r egor   ywica      this paper presents the different 

types of the numerical models of the Gas Foil Bearings 

developed in the centre of research programmes. The 

numerical models have been observed with various 

problems. The complex structure is the main challenging 

difficulty. The GFBs models need to represent the 

structural base, the fluid film and the co-operations between 

the two variables. Tae Ho Kim,Anthony W. Breedlove and 

Luis San Andrés [11] This paper presents experiments 

conducted to estimate the structural stiffness of a test GFB 

for increasing shaft temperatures. A 38.17 mm inner 

diameter GFB is mounted on a nonrotating hollow shaft 

affixed to a rigid structure. For expanding shaft 

temperatures (up to 188°C), expanding static load (0– 133 

N) are connected to the bearing and its deflection recorded. 

In the test arrangement, warm extension of the GFB 

lodging, bigger than that of the pole, nets a huge increment 

in outspread leeway, which delivers a critical decrease in 

the bearing's basic solidness. Grzegorz ZYWICA [12] In 

this paper discusses that the gas foil bearings are a type of 

sliding contact bearings in which foils are added in between 

the shaft and the sleeve to improve the properties. He 

discusses the important stages of the numerical model of 

the structural supporting layer of the GFB and verification 

of the test data. The main aim of the conducted study was 

to check the reliability of the numerical model with the 

scope of dynamic properties, so that in the future the 

numerical model can be used for any GFB, which will 

consider the fluid-film layer. These numerical models are 

used to describe the operation of bearing system. 

II DESIGN OF GAS FOIL BEARINGS 

Design Parameters and Dimension Considerations: 

Basic dimensions of gas foil bearing are selected based on 

the literature data (Rubio and San Anders, 2006) [9], which 

approach enables the comparison of the simulation results 

with results of experiments obtained by other researchers.  

Nominal radial clearance has a great influence on the 

stiffness of the GFBs. The bearings with three different 

sizes of nominal radial clearance are considered and 

designed and simulated to check the influence of it on 

stiffness. Considering the nominal clearance of 0.05 mm, 

0.035 mm, 0.02 mm the GFBs are compared for their 

stiffness’s. The CAD models of the GFBs with 3 different 

nominal radial clearances are drawn with the help of 

dimensions given in the paper [4] as the standard 

dimensions. The bearing sleeve is initially developed along 
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with the bump and top foils. The designs of the components 

are as follows. 
 

Table 1. Parameters, nominal dimensions & material specification 

of GFB [4] 

 

Assembly of Gas Foil Bearing: 

 

 

Fig: 2 Assembly of GFB for 0.035 mm nominal radial clearance 
 

 

Similarly for 0.02 mm and 0.05 mm nominal radial 

clearance GFBs parts are designed in CATIA-V5 software 

and assembled in SOLIDWORKS software. 

 

III ANALYSIS OF GAS FOIL BEARINGS  

After the designing of the GFBs, the analysis is done using 

Ansys workbench, the geometry is imported, generation of  

mesh is done, boundary conditions are given and hence 

static structural analysis is done. During the generation of 

mesh the statistics of the mesh are as Nodes – 217965, 

Elements – 301098 the type of mesh used in this  

analysis is hexahedron mesh. 

 

 

 
Fig: 3 Generation of Mesh 

 

Applying Boundary Conditions and Load: 

 

The cylindrical support is given to the Bearing sleeve as a 

constraint in the model shown in fig 4. Bearing load is 

applied to the top foil in a linear manner, and the load is 

applied along the surface perpendicular to the axis of the 

journal. The static structural analysis is done and time step of 

1 second is given. Bonded connections between bump foil 

and top foil as shown in fig (5-6).            

Bonded connections are applied between the    

Following pairs:  

i)  Bump foil and bearing sleeve 

ii) Bump foil and top foil 

 

Fig: 4 Boundary conditions and bearing load for 0.035 mm clearance. 

 

Calculation of Stiffness: 

 

 

 

 

 

 

 

 

Fig: 5 Bonded connection 

between bump foil and top foil. 

Fig:6 Bonded connection 

between sleeve and bump foil 

Fig: 5 Bonded connection 

between bump foil and top foil. 
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Results obtained from the static structural analysis of above 

specified gas foil bearing are given underneath: 

 i. Total deformation   

ii. Equivalent stress (Von-Mises stress) 

 

 

 

 

 

 

 

 

 

 

The results of the computational analysis were compared 

with the results of the experiments [9]. During verification 

the stiffness characteristics of the system, obtained for 

static load, were compared. The team conducting 

experimental study noticed that the size of the nominal 

clearance has a strong influence on the stiffness of the foil 

bearing [9]. Because of that the simulation study, similarly 

to the experiment, was conducted for bearings with three 

different sizes of the nominal clearance. The variable size 

of the clearance was obtained by alteration of the journal 

diameter, which was equal to the following values: 38.07 

mm, 38.10 mm, and 38.13 mm.  These changes, the 

nominal radial clearance with values equal to 0.05 mm, 

0.035 mm, and 0.02 mm was obtained. One needs to notice 

though, that the value of the nominal radial clearance in the 

foil bearing stems mainly from the design assumptions.  

The below figures (9-11) exhibits the comparison of the 

results of computer-aided simulations with results of the 

experiments presented in paper [9]. The characteristic 

feature of the system under investigation was a small initial 

stiffness, which was a result of the incidence of clearance.        

When clearance was eliminated, the system under 

investigation was increasing its stiffness, and its 

characteristic in the investigated range of loads was close to 

the linear one. The above comments are related to the three 

bearings with journals of different diameter. In case of the 

bearing with journal of the biggest diameter, no clear area 

with incidence of clearance was noticed in the results of the 

experiment, what certifies the formerly described 

difficulties with achievement of the dimensional accuracy 

of top and bump foils. 

Plots for Static load and Deflection: 

 

 

Fig: 10 Foil bearing structure deflection vs static load for 0.035 mm 

nominal radial clearance 

 
 

Fig: 11 Foil bearing structure deflection vs static load for 0.02 mm 

nominal radial clearance 

Method for Temperature Dependent Stiffness 

Calculation: 

During the rotation of the shaft, fluid film 

temperature increases due to friction. This will also 

increases the temperature top and bump foil. Change in 

temperature of the foils effects the stiffness of the bearing 

hence it is important to investigate effect of temperature 

over stiffness.   

To investigate variation of stiffness with temperature a 

load corresponding to the temperature is varied from 10OC 

to 100OC. Cylindrical support is given to the bearing sleeve 

as a constraint and load is applied to the top foil. The 

thermal conditions are applied to both top foil and bump 

foil. The ambient temperature is set at 22OC. 

Set up for 0.035 mm nominal clearance GFB  at 224 N load 

and 500C is shown here: 

 

 Fig: 7 Total deformation for 

0.035 mm nominal clearance at 

224 N load 

Fig: 8 Von mises stress for 

0.035 mm nominal clearance 

at 224 N load. 

Fig: 9 Foil bearing structure deflection vs static load for 0.05 mm 

clearance 

Fig: 12 Boundary conditions bearing 

load for 0.035 mm clearance 
Fig: 13 Thermal conditions for 50OC 
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Effect of Temprature on Stiffness:  

FEA simulations of all the three gas foil bearings are 

carried out and total deformation and von-Mises stress 

values are obtained. Results for 0.035 mm nominal radial 

clearance bearing at 224 N are shown below fig (14-15). 

 

 

 

    Plots for Stiffnes Vs Temperature: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Table 2: Total deformation for varying temperatures. 

 

Seri

al 

no. 

Tempe

rature 

in OC 

Deformatio

n for 0.05 

clearance 

in mm 

Deformation 

for  0.035 

clearance 

in mm 

Deformatio

n for 0.02 

clearance 

in mm 

1 10 1.43x10-5 1.2x10-5 1.x10-5 

2 20 4.9.x10-6 3.44x10-6 4.483x1065 

3 30 7.4x10-6 2.42x10-6 1x10-5 

4 40 1.6x10-5 1.514x10-5 2.48x10-5 

5 50 2.4x10-5 2.404x10-5 3.06x10-5 

6 60 2.8x10-5 3.3032x10-5 3.73x10-5 

7 70 4.2x10-5 4.204x10-5 4.95x10-5 

8 80 5.11x10-5 5.1016x10-5 6.43x10-5 

9 90 7.46x10-5 6.009x10-5 7.46x10-5 

10 100 5.22x10-5 6.90x10-5 5.2x10-5 

 

 

  MModel Analysis: 

 

 

 
Fig: 19 Total deformation at 120.52 Hz 

Fig: 14 Variation of total deformation at 50 0C 

Fig: 15 Variation of equivalent stress at 500C 

Fig: 16 Foil bearing stiffness vs Temperature for 0.05 

mm nominal radial clearance GFB 

Fig: 17 Foil bearing stiffness vs Temperature for 0.035 

mm nominal radial clearance GFB 

 Fig: 18 Foil bearing stiffness vs Temperature for 0.02 mm 

nominal radial clearance GFB 
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Fig: 20 Total deformation at 132.85 Hz 

Model analysis calculates the natural frequencies of the 

system. Model analysis shows the natural frequencies 

changes due to the shape of the model and the way it is 

constrained only. 

Cylindrical support is given to bearing. At particular 

frequencies total deformations are obtained 

 

Table 3: Variation of compliance coefficient (S) and material 

properties for different GFB configurations 

 

** s(mm) lo[m

m] 

C μm

] 

tb μm

] 

V Eb[Gpa

] 

  S 

[13] 4.572 1.778 31.8 101.6 0.29 214 0.663 

[14] 4.572 1.778 20 127 0.31 200 0.514 

[15] 4.572 1.778 31.8 102 0.29 214 0.656 

[16] 4.572 1.778 31.8 102 0.29 214 0.738 

[9] 4.572 2.032 35.5 102 0.29 213.7 0.878 

[11] 4.572 2.032 15 101.6 0.29 213.7 2.104 

[17] 4.572 2.032 35.5 102 0.29 213 0.881 

[18] 4.572 1.778 20 127 0.31 200 0.514 

[19] 4.572 1.778 31.8 101.6 0.29 214 0.663 

[20] 4.572 1.778 20 101.6 0.29 214 1.058 

** References  

In course of the investigation carried out for the variation of 

compliance coefficient and material property for different 

GFB configurations as shown in Table 3. It is noteworthy 

to observe from the available literature over the years that 

the foils used in the GFBs are mostly structural steel, which 

is mainly because of its favourable characteristics. It has 

been, therefore proposed to investigate the suitability of 

other materials for bump foil of GFBs. In view of the 

availability of materials used for GFBs  apart from the 

structural steel , two materials have been considered .firstly 

copper which has a young’s modulus of   7   a with the 

properties of being a good conductor , malleable and 

ductile making it good for bending into foils and secondly, 

fibre reinforced polymer(FRP) [19,20] a composite material 

which have the advantage over structural steel being light 

weight, directional strength and stiffness, durability under 

service environments, corrosion resistance, design 

flexibility and low thermal conductivity. The FRP 

composites which have been considered for the analysis is a 

carbon fiber reinforced polymer which has tensile modulus 

of 440 GPa. The steady state load capacity of the GFBs 

with structural steel, copper and FRP composite as the 

bump foil material have been predicted and compared. 

However, it is sensible to note that further theoretical and 

experimental investigations are required to validate the 

feasibility of copper and FRP composite properties as bump 

foils, which is beyond the scope of the present work. 

Further, though FRP composite is not isotropic, as an initial 

study it has been assumed to be isotropic ignoring its 

directional properties. 

IV. CONCLUSIONS 

 Oil-ingenuous turbo machinery incorporated GFBs to 

empower safe and support familiar act at full speeds of 

rotor and ever higher temperatures for increased 

effectiveness. The structural properties and configuration of 

the bump-strip layers influence the ultimate load 

performance of GFBs. The compliant structure provides 

resilience to rotor movement through structural stiffness 

and Coulomb damping. It is being to describe GFB 

auxiliary execution through trials and to provide predictive 

tools that accurately standard model GFB behavior. 

The load is applied to gas foil bearings with different 

nominal radial clearances. By using finite element analysis 

the deflections for different load values are obtained. 

Graphs between load and deflection are plotted and straight 

line is observed, stiffness of each bearing obtained from the 

graph that is the slope of each curve. Experimental values 

are compared with test data. It has been observed that for 

0.035 mm nominal radial clearance of GFB has almost 

same values as compared to test data.  

ANSYS simulation is done on the GFB with varying 

temperature from 0oC to 100oC and keeping load constant; 

from the simulation deflection values are obtained. Graph is 

plotted between stiffness and temperature. It has been 

observed if the temperature of the bearing coincides with 

the ambient temperature maximum value of stiffness is 

obtained and reduces as the difference in temperature 

between the bearing and working environment increases. 
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