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the simultaneous solution of the state equations. The equations are extracted using two
alternative transformations: (i) Finite Difference (FD); and (ii) a novel arbitrary-order
Galerkin Reduction (GR) which does not use a grid, considerably reducing the number of
state variables. A vectorized formulation facilitates the solution in two alternative ways: (i)
in the time domain for arbitrary response via implicit integration using readily available
routines; and (ii) in the frequency domain for the direct computation of self-excited
periodic response via a novel Harmonic Balance (HB) method. GR and FD are cross-
verified by time domain simulations which confirm that GR significantly reduces the
computation time. Simulations also cross-verify the time and frequency domain solutions
applied to the reference FD model and demonstrate the unique ability of HB to correctly
accommodate structural damping.
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1. Introduction

A major disadvantage of the conventional self-acting air (or “gas”) bearing is the requirement for a very tight radial
clearance for air pressure generation, since shaft growth (e.g. due to temperature) may exceed this clearance [1]. A FAB (or
“gas foil” bearing) overcomes this problem by utilising a flexible foil structure to replace the rigid bearing surface (Fig. 1(a)).
While stationary, there is either a slight clearance or a preload between shaft (journal) and bearing. As the shaft rotates, the
pressure generated pushes the foil boundary away, allowing the shaft to become completely airborne. Advances by NASA in
the foil materials have opened the way for oil-free high-temperature turbomachines [2], resulting in intensified research
into their dynamic performance.

FABs, like gas or oil bearings, are capable of introducing undesirable nonlinear effects into the dynamics of a rotor-
bearing system [3]. This necessitates a means for calculating the nonlinear dynamic response of rotor systems with FABs.
In the case of a rotordynamic system with incompressible fluid (oil) bearings, the number of state variables is simply 2H,
where H is the total number of rotor modes considered, since the Reynolds Equation (RE) governing the pressure
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