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ABSTRACT
A critical component in oil-free air foil bearings is the 

tribological coating system that must be used on the 
journal/runner and the foil pads to ensure reliable operation 
during transient periods and start-stop cycles. The purpose of 
the present investigation was to evaluate the performance 
characteristics of hydrogenated diamond like carbon coatings 
(H-DLC) for foil bearing applications. Tribological tests were 
performed using a single thrust foil bearing in contact with a 
rotating flat disk at room temperature. While the performance 
of H-DLC coating on the foils tested against disks coated with 
MiTi® Korolon� 900 was acceptable, the reverse coating 
combination provided an excellent performance. Although the 
H-DLC film had suffered some wear along narrow scratches, 
both coatings survived the 500 start/stop cycles.  The liftoff 
speed, which is an important design parameter, was less than 
1,000 rpm, much lower than uncoated foil and disk 
combination. It is, therefore, concluded that the combination of 
H-DLC foil coating with the Korolon� 900 coating on the disk 
will provide excellent performance for foil bearing applications 
at room temperature. 

INTRODUCTION
Recent developments indicate that foil bearing and foil seal 

technologies have great application and development potential 
for use in various high-speed applications such as fuel cell 
compressor systems1-8.  While MiTi®’s patented compliant foil 
bearings (CFBs) 9,10 have temperature, load and damping 
capabilities significantly greater than previously demonstrated 
in any other technology existing today, there exists a need for 
advanced foil bearing and seal coatings.   Foil bearings are 
particularly attractive for systems where conventional bearings 
are unsuitable due to temperature, speed, working fluid or any 
combination thereof. Since foil bearings are oil-free and can 
operate with ambient air, they are also environmentally friendly 

solutions for systems where lubricant contamination would be 
problematic, such as fuel cells for electric powered aircraft.

Although there is no sliding contact in the steady state 
operation of the foil bearing, contact between the foil and 
journal/runner surfaces will occur at startup and shutdown and 
occasionally during overload situation. Such contacts limit the 
life of the low friction coefficient coating and, thus, the 
bearing.  The purpose of the present investigation was to assess 
the reliability of H-DLC coatings for foil bearing applications. 

EXPERIMENTAL SET-UP 
Foil specimens were cut from sheets of Nickel superalloy 

X750.  The foil specimens were then placed in an inert 
atmosphere furnace and heated at 1300 �F for 20 hr; followed 
by slow cooling to room temperature to precipitate harden the 
alloy.  Prior to the application of the coating, the top surfaces 
were lightly abraded with 600 grit silicon carbide paper and 
rinsed with hexane.  The same procedure was followed for the 
nickel alloy disks. 

Foil and disk samples were cleaned with solvents and 
slightly polished to clean the surfaces. Deposition of DLC was 
accomplished using RF plasma assisted chemical vapour 
deposition using methane and hydrogen gases.  High hydrogen 
content plasma (i.e., 74-90%) was used to obtain hydrogenated 
H-DLC films. Various deposition parameters were tried to 
obtain a film thickness of approximately 1 µm. The film 
thickness was measured using a stylus profilometer on a 
previously masked region or on a step created by removal of 
the coating. A thin interlayer of Si was used prior to DLC 
deposition to enhance the adhesion of coating to the substrate.  

The Korolom™ 900 coating11 developed at MiTi®, which 
contains tungsten disulfide and other solid lubricants was 
sprayed on the foil and disk surfaces at room temperature. The 
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