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Fig.1 Structural diagram of AC/DC hybrid system
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Fig.2 Model division diagram of hybrid system
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Fig.6  General extension of unified immittance network model for complex AC/DC hybrid systems
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Modeling and Stability Analysis of Unified Immittance Network for
AC/DC Hybrid System
Teng Zhiyuan Chen Xin Zhang Donghui
(Jiangsu Key Laboratory of New Energy Generation and Power Conversion College of Automation Engineering

Nanjing University of Aeronautics and Astronautics Nanjing 211106)

Abstract AC/DC hybrid system has become an effective solution for large-scale new energy consumption
because of its characteristics of multiple power sources, multiple drop points, large capacity and cross-regional
flexible transmission. However, the wide-frequency oscillation problem of AC/DC hybrid power system with high
proportion of power electronics is prominent, which threatens the safe and stable operation of the system. At
present, the stability analysis of hybrid system is mainly faced with the problem of how to take into account the
AC and DC sections of the hybrid system at the same time and how to cover the system equipment with different
impedance characteristics, so as to realize the unified analysis of the AC/DC hybrid network with multiple power
electronic equipment. To address the above issues, this paper establishes a unified immittance network model for
system-level stability assessment of hybrid systems.

First, based on the voltage/current source type device characteristics of the network devices, the impedance/
admittance forms of each network module of the system are standardized to avoid the problem of solving for the
right half-plane poles in the process of system stability analysis. Secondly, from the perspective of the AC and DC
ports of the system equipment, the AC/DC hybrid system can be divided into mono immittance subsystem and
hybrid immittance subsystem. Finally, based on the interaction relationship between system immittance networks,
a unified immittance network model containing complete oscillation information of the hybrid system is
established. Under the premise of covering the stability information at each AC and DC port of the hybrid system,
the unified immittance network model reduces the dimension of the system network model, at the same time
expands the system network matrix from a single AC or DC system to an AC/DC system. Furthermore, combined
with the derivation and change process of the immittance network, and through the modularization of the system
expansion, this paper makes the immittance network applicable to the analysis of objects with different
topologies,and extends the unified immittance network to general AC/DC hybrid systems. In addition,in contrast
to the matrix model that merely aggregates a single impedance feature or a single admittance feature, the unified
immittance network encompasses the AC/DC systems with various impedance characteristics, accomplishing the
mutual unification of the new energy unit with admittance properties and the load network with impedance
properties. This facilitates the precise establishment of the network mathematical model when confronted with the
AC/DC system that concurrently incorporates equipment with current/voltage source characteristics, and realizes
the unified coverage of equipment models with dissimilar impedance characteristics.

Based on the immittance network model, a unified immittance network stability criterion covering the interaction
relationship of each AC/DC port of the hybrid system is derived. Combined with the expansion analysis of the
immittance network, the criterion is extended to the general AC/DC hybrid system. The stability criterion
comprehensively covers the stability problems of the AC/DC system, and avoids solving the problem of poles in the
right half-plane, simplifying the analysis process. Furthermore, an oscillation traceability method for the hybrid system
is given based on the immittance network model. Finally, based on the application examples of the AC/DC hybrid
system, the immittance network model and its stability analysis method proposed in this paper are evaluated and verified.

Keywords: AC/DC hybrid, immittance, stability analysis, oscillation traceability
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