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Axis of Rotation Metrology

• ISO 230-7 Geometric 
Accuracy of Axes of 
Rotation

• ASME B89.3.4-1985 
Axes of Rotation, 
Methods for Specifying 
and Testing

The Standards:





Types of Error Motions





FFT for Rolling Element





Air Bearing vs Rolling Element Bearing



Asynchronous Error Motion



Portable Radial Measuring Machine



Low speed balancing on Rollers



Low Speed Balancing on Air Bearings



Roller to Air Bearing Retrofit



Air Bearing Retrofit in a
Hofmann Balance Machine





Easy to Change Air Bearings





Externally Pressurized Air Bearings           
Orifice Compensation



Orifice and Porous Compensation





No Compensation



Orifice Compensation



More Orifices



Porous Compensation



Porous Air Bearing Journals



Porous vs Orifice



Orifice vs Porous Compensation
Thrust Bearings also a Seal



Gas Film vs Load in DGS



Lift vs Load             
Chart 

50 x 100mm
Air Bearing



Eccentricity Plot (Don Bently)



Zero Stiffness = Zero Damping
Infinite Stiffness = Zero Damping



Damping; Oil vs Air 
75mm Diameter 50mm long journal





Eccentricity Plot (Don Bently)



Lift vs Load Chart of an Externally 
Pressurized Porous (EPP) Air Bearing



Dry Gas Seal Operating Range



Operating Range for EPP Air Bearing



Operating Range of Foil Gas Bearings



High Temperature EEP Bearings 
from Solid Carbon or Graphite



CMCs Fired at 900°C 
are Porous and
Could be used as EPP 
Bearings and seals

• High temperature 
capability

• Low Coefficient of 
thermal expansion

• Light weight

• High strength

• Tunable porosity

• Cast to near net shape



Expanders, Turbo Chargers and 
Gas Turbines



EPP Gas Bearings Acting on Impellers 
improve rotor dynamics, act as seal, 
shorten and simplify rotating equipment



A generator could be integrated into 
the impeller eliminating a rotating 
shaft



EPP Gas Bearings as the Thrust bearing, 
Seal and Balance Piston 



Conventional Dry Gas Seal (DGS)
Flow Across the Face



EPP Gas Bearing as a DGS
No Flow Across the Face



Segregation of Gases in a single Seal 
Face, No Process Gas Flows to Vent



Bearing Capabilities
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