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Challenges for dynamics in future grid
and amplitude-frequency modulation dynamics
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Operational mechanisms and Amplitude/frequency state variables
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Needs for new generation of theory for dynamics
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Framework of amplitude-frequency modulation dynamics
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Operational mechanisms and amplitude/frequency state variables a
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Interactions between supply-demand balancing and amplitude-frequency dynamics
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Power driving voltage for nodes - voltage driving power for networks and performance
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Amplitude-frequency as variables and concepts of operation points and perturbations
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Characteristics of nodes under multi-time scale controls: from single-time-scale low-order
Linear continuous system to multi-time-scale high-order nonlinear discontinuous system
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Characteristics of networks under multi-time scale excitations: from H'sii‘ﬁﬁéﬂ)e-time-scale
Constant AF excitations to multi-time-scale time varying AF excitations
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Dynamical interactions among nodes and networks: from sole parallel interactions to

Combined series-parallel interactions
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Fundamental challenges for controls and protections
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Dynamical interactions among nodes and né
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tworks: from sole#

C gl’ld interactions to

hybrid AC-DC grid interactions (from among demands to amﬁéﬂ %upplles and demands)
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Static and NSFC
Sequential dynamical 3
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Framework of AF modulation dynamics
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Second linearization
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First linearizati
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Casual mechanism and AF modulation
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AF motion equations networks
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New paradigm properties in nodes, networks and interactions drive

needs for new generation of theory for system dynamics
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Multi-timescale power/internal voltage casual principle of system dynamics
and roles of nodes, networks and interactions
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Time-varying AF as nature of signal dynamics and AF modulation based
linearization and nonlinear mathematics
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