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Abstract: This work introduces two types of stability metrics, Singular Perturbation Margin
(SPM) and Generalized Gain Margin (GGM) . The SPM and GGM are generalized concepts of
Phase Margin (PM) and Gain Margin (GM) for nonlinear time-varying systems from view of sin-
gular perturbation and regular perturbation, respectively, i. e. (i) theoretically based, (ii) practi-
cally measurable, (iii) backward compatible in the sense that when applied to Linear Time Invari-
ant (LTD systems. The SPM and GGM are used in the simulation model of a hypersonic vehicle,
assess the allowable time delay when the roll angle is fast varying., and conclude with some insight-
ful remarks and suggestions for further research. The SPM and GGM are potential to be further
applied to reveal the mechanism between guidance accuracy and dynamic characteristics of attitude
control.
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Fig. 1 The diagram of a nonlinear time-varying

singular perturbation system
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Fig. 2 The diagram of the control system stability analysis,

PM and GM, along the trajectory
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Fig. 3 The diagram of the control system stability analysis,
SPM and GGM, along the trajectory
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Tab.3 Uncertainty classification of hypersonic vehicles
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Fig. 4 Re-entry Vehicle guidance control systems (trajectory tracking)
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Fig. 6 Reference trajectory in altitude and velocity
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roll angle channel (the gain margin is positive infinity)
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