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ABSTRACT 

High operating speeds and temperatures required for 
advanced turbomachinery necessitate the development of 
bearings capable of continuous operation between 3 to 4 
million DN at temperatures up to 820°C. Non-contact oil-free 
bearings such as compliant foil bearings, active magnetic 
bearings and hybrid foil and magnetic bearings are alternate 
solutions to the current liquid-lubricated hydrodynamic and 
rolling element bearings, which have limited life under these 
extreme conditions. A critical component in these oil-free 
bearings is the tribological coating system that must be used 
on the journal and the foil pads to ensure reliable operation 
during transient periods and start-stop cycles. The purpose of 
the present investigation was to assess the reliability of 
tribological coatings being implemented for a large (150 mm 
diameter) hybrid foil/magnetic bearing.  In order to be suitable 
for use in large turbine engine type applications, the journal 
coating must accommodate the thermal and centrifugal growth 
experienced as well as providing the wear life and friction 
coefficient.  Based upon the limitations identified in PS304, 
this coating is not yet suitable for demanding high temperature 
and high-speed applications.  On the other hand an alternative 
nickel-chrome based coating applied to the foils versus a shaft 
with thin dense chrome or a nickel-chrome based coating a has 
shown excellent characteristics under conditions up to 820°C. 

INTRODUCTION 
Current state-of-the-art, liquid-lubricated hydrodynamic and 

rolling element bearings suffer from temperature and speed 
limitations experienced by advanced turbomachinery.  Non-
contact bearing systems such as oil-free, high-load compliant 
foil bearings (CFB), active magnetic bearings (AMB) and 
hybrid foil and magnetic bearings (HFMB) are alternate 
solutions for extreme conditions required for the advanced 
turbomachinery. AMBs with their ability to have high static 
stiffness provide excellent performance at low speeds where 
CFB has limited load capacity. Correspondingly, CFBs 

provide excellent performance at high speed and under 
transient conditions where AMBs have transient shock and 
failure mode limitations. The HFMB combines those two 
advantages and compensates for each bearing’s limitations, 
therefore, providing a high load capacity at all speeds [1-3].   

Recent developments in advanced CFBs have begun to 
address the major limiting factors hindering the use of AMBs 
and CFBs in the larger regional gas turbine engines, namely 
the load carrying capacity, shock tolerance, high speed and 
high temperature operation [4-9]. The scalability of existing 
CFB designs from sizes ranging from 6 mm to 150 mm 
required for a wide array of MEMS to megawatt scale 
turbomachines has more recently begun to be addressed [10].  
Beyond scale is the need to address high temperature 
applications such as gas turbine engines, which have also 
recently been receiving attention [11-14].  

When addressing large-scale, high temperature 
machinery, true widespread application of CFBs in the 150 
mm diameter range, either independently or as part of an 
HFMB, challenges not present in smaller CFBs arise.  For 
example rotor journal centrifugal and thermal growth can 
exceed 0.750 mm requiring unique bearing internal design 
requirements but also placing the journal surface and any 
applied coatings in a very severe environment.  Thus, while 
large CFBs will require new and innovative designs and 
manufacturing techniques to address the thermal growth and 
management of the increasing internal heat generation and the 
structural stiffness patterns needed to maintain the desired gas 
film thickness, attention must also be paid to the journal 
because it is an integral partner in the performance of the 
CFB.  Thus, while the earlier demonstration of the 150 mm 
diameter CFB represents a technological breakthrough, much 
needs to be done in the area of tribosystem integration and in 
the development of a hybrid bearing system capable of 
operating at temperatures above 6500C and as high as 820°C. 
The purpose of the present investigation, which is based upon 
six years test experience with PS304 was to assess the 
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