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Fig.1 Principle block diagram of SRF-PLL based on
control theory
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Fig.2 Small-signal analysis model of SRF-PLL
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Fig.3 Control block diagram of PSL
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Fig4 Types of out-of-step for generalized

synchronous stability
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Fig.5 Relationship between “power angle stability” and
“generalized synchronous stability” of

traditional synchronous generators
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Fig.6 Small system model for analyzing phase lock
failure of PLL or out-of-step of PSL
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Fig.7 Small system model for studying key factors
affecting power angle stability of synchronous generators

under condition of successful phase lock
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Fig.8 Inclusion relationship between generalized
synchronous stability analysis and

power angle stability analysis
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Physical mechanism and research approach of generalized synchronous stability
for power systems
XU Zheng
(College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China)

Abstract: After entering the 21st century, the global warming concerns force the energy industry to trans-
form towards the low-carbon and non-carbon direction. The development and utilization of renewable energy
is developing rapidly, which makes non-synchronous generator sources replace synchronous generators increa-
singly in the power grid,resulting in a new form of synchronous stability among the power sources of grid-
generalized synchronous stability. The generalized synchronization stability contains the synchronization stabi-
lity between synchronous generator sources, the synchronization stability between synchronous generator
source and non-synchronous generator source,and the synchronization stability between non-synchronous gene-
rator sources. So the out-of-step mechanism of generalized synchronous stability and its research approach
are discussed. Firstly, the basic means of non-synchronous generator sources to keep generalized synchro-
nous stability is introduced. Then,three types of out-of-step in the sense of generalized synchronous stability
are analyzed,including the phase-locked failure out-of-step of the phase locked loop(or the power synchro-
nization loop) ,the out-of-step of the non-synchronous generator sources caused by time delay of its control
system,and the power angle out-of-step of the synchronous generators. At last,the analysis methods of gene-
ralized synchronous stability are discussed,including the analysis method when considering one type of out-
of-step separately and the analysis method when considering all types of out-of-step together. The technical
route to analyze the out-of-step mechanism is put forward, which firstly analyzes the simple system and
then extends the results to the complex system. It is pointed out that the electromechanical transient model
is not suitable for the analysis of the generalized synchronous stability and the future trend is adopting the
full electromagnetic transient simulation to analyze the generalized synchronous stability.

Key words: electric power systems;non-synchronous generator source;generalized synchronous stability ; phase

locked loops;power synchronization loop;phase-locked failure;time delay out-of-step
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