
2014 43rd Turbomachinery Symposium - Short Course  
GAS BEARINGS AND MAGNETIC BEARINGS FOR OIL-FREE 
ROTATING MACHINERY 
 
Luis San Andrés 
Mast-Childs Tribology Professor 
Turbomachinery Laboratory 
Texas A&M University 
Lsanandres@tamu.edu  

Daniel Lubell  
Manager,  
Rotating Machinery,  
CALNETIX Technologies. 
drlubell@yahoo.com   

 
TABLE OF CONTENTS 

Luis San Andrés, Texas A&M University 
GAS BEARINGS AND APPLICATIONS 
00 Oil-free bearings for microturbomachinery: needs, hurdles and issues 
01 About gas bearings: ultimate load capacity  
SIMPLE FOIL BEARINGS: the basics  
02 03. How do foil bearings work, the compliance parameter and the PH limit 
MAKING A FOIL BEARING: the basics  
04 How to make a foil bearing details on making bump foil strips and top foils. 
05 Regimes of operation and the rule of thumb for load capacity A map to reality 
 
CHARACTERIZATION OF FOIL BEARINGS 
06 Structural static stiffness of a BFB: effect of load orientation and assembly preload  
07 Structural dynamic stiffness and damping in a bump-type foil bearing: is damping viscous? How FBs dissipate 
mechanical energy? 
DYNAMIC RESPONSE OF A ROTOR-FOIL BEARING SYSTEM 
08 Nonlinear dynamics of rotor-foil bearing systems: a simple model to predict (mis)behavior  
OTHER TYPES OF GAS BEARINGS 
09 Metal mesh foil bearings: simple & cheap alternative. Comparison to bump type foil bearing 
10 Flexure pivot tilting pad bearings: a gas bearing with predictable performance 
 
Daniel Lubell, Calnetix 
11. IMPLEMENTATION OF FOIL GAS BEARINGS IN A MICRO GAS TURBINE SYSTEM. 
A Gen. III foil bearing for a mass production micro turbine. A perspective from a successful commercial application of oil-free 
technology in microturbines from 30 kW up to 200 kW as well as development testing with blowers, compressors, air cycle 
machines, and more.  Experience-based lessons on what-to-do and what-not-to-do related to implementation at the design level, 
including recommended operating spaces for the least risk.  Expectations for bearing performance and assembly at the mass 
production level.  Discussion of common failure modes. 
 
12. INTRODUCTION TO MAGNETIC BEARINGS FOR SMALL AND MEDIUM SIZE 
TURBOMACHINERY SYSTEMS 
A review of the components and operating principles of Active Magnetic Bearings (AMBs) as applied to the same size machinery 
as foil bearings.  Additional discussion of expected performance through the review of a commercial system and associated 
challenges with integrating AMBs into next-generation turbomachinery. 

 

mailto:Lsanandres@tamu.edu
mailto:drlubell@yahoo.com


Gas bearings (GBs) are an efficient alternative for load support of high speed microturbomachinery (< 400 kW, +1000°F, +3M 
DN). These bearings are compliant surface hydrodynamic bearings using ambient air as the working fluid media. Oil-free systems 
have lesser part count, footprint and weight and are environmentally friendly and (nearly) maintenance free, thus saving costs and 
resources. Current commercial applications include air cycle machines, cryogenic turbo expanders and micro gas turbines. Other 
upcoming applications include auxiliary power units, automotive turbochargers and aircraft gas turbine engines for regional jets. 

The short course provides practicing engineers with a comprehensive review of existing gas bearing technologies including their 
principle of operation, analysis and experimental verification, comparison amongst other gas bearing types, as well as the integration 
of gas bearings, foil bearings in particular, into actual rotor-bearing systems (hot and cold). The course also includes an introduction to 
magnetic bearings and their applications in oil-free microturbomachinery. 
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