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Abstract

Surge control is investigated in conjunction with rotating stall control for axial flow compressors using a bifurcation approach. Test
functions are developed to determine the existence and stability of the Hopf bifurcation associated with surge for closed-loop systems
under linear state feedback. A control design method is proposed for the synthesis of linear feedback laws that eliminate surge,
coupled with rotating stall for any given compact parameter set. Comparisons are made with existing results. Stabilization results are
demonstrated with numerical simulations. i 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

It is well known that the compression system exhibits
nonlinear hysteresis at the operating point of maximum
pressure rise that is termed rotating stall, and nonlinear
flow oscillation in the vicinity of the maximum pressure
rise that is called surge. The nonlinear phenomena of
rotating stall and surge are flow instabilities that effec-
tively reduce the performance of aeroengines and limit
further improvements on rehability and efficiency of fu-
ture jet airplanes. Hence the suppression of rotating stall
and surge is the key issue for compressor control.

This paper focuses on bifurcation control for axial flow
engine compressors. The Moore-Greitzer model from
McCaughan (1990) is adopted for analysis. As shown by
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McCaughan (1990), rotating stall is associated with
transcritical and saddle-node bifurcations, and surge
with a Hopf bifurcation. This motivated the bifurcation
approach to compressor control in the past several years.
Feedback control of the transcritical bifurcation at the
axisymmetric equilibrium point has been studied by
many authors. See for instance, Liaw and Abed (1996),
Krener (1995), Eveker et al. (1995), Gu et al. (1996) and
Kang (1995). There exists a family of state feedback laws
which stabilize the nonaxisymmetric equilibria near the
operating point and eliminate the hysteresis induced by
rotating stall. However, the Hopf bifurcation associated
with surge remains intact under these feedback laws. In
this paper, we introduce test functions whose zeros are
critical to the Hopf bifurcation for the closed-loop sys-
tem. These test functions are given in compact form.
A particular test function is developed to determine the
stability of the periodic solutions born at a Hopf bifurca-
tion. The analysis based on these test functions leads to
a new method of feedback design for control of both
stationary and Hopf bifurcations in axial flow compres-
sors. In fact, using the techniques proposed in this paper,
feedback controllers can be designed to meet several
bifurcation control requirements, including elimination
of surge. coupled with rotating stall.
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