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Fig.1 Topology of large-scale grid-connected
PV power plant
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Fig.2 Structure of equivalent model of large-scale
grid-connected PV power plant
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Fig.3 Comparison of output characteristics between
real and equivalent models
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Fig.4 Block diagram of PV inverter control
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Table2 State matrix eigenvalues,damping
ratios and oscillation frequencies
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Fig.5 Participating factors of oscillation modes
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damping ratio vs. k, and k;
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Table 3 Parameters of PV array

m n U,/V 1,/A
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Table 4 State matrix eigenvalues,damping
ratios and oscillation frequencies

P 1 FHIE(E IRG MR/ He  FLE L
Ao -0.05+j0.961 0.153 0.0672
Asa -32.27+j15.135 2.410 0.8197
Ass -158.35+j113.7  17.527 0.8253
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Analysis on oscillation modes of large-scale grid-connected PV power plant
GAO Benfeng', YAO Lei',LI Ren',ZHAO Shuqiang', YANG Lin?
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China;
2. School of Electrical and Electronic Engineering, North China Electric Power University,Beijing 102206, China)

Abstract: The impact of PV (PhotoVoltaic) power plant on the stability of power system becomes more
obvious along with its increasing capacity. An equivalent model of large-scale grid-connected PV power
plant is established and its accuracy is verified by the eigenvalue method and time-domain simulation.
Based on the equivalent model,the eigenvalue method is applied to analyze the oscillation modes of large-
scale PV power plant and the influences of PV inverter controller parameters,PV array configuration and
AC system strength on the oscillation modes are also researched. Simulative results show that,the grid-
connected PV system mainly contains the positive-damping sub-synchronous oscillation mode and the low-
frequency oscillation mode,the former is mainly affected by the PI parameters of ¢-axis current and the
latter by the Pl parameters of outer loop voltage and d-axis current;the change of PV array configuration
may convert the nonoscillating state of DC-voltage-related system mode into the oscillating state;the
weakened AC system may reduce the damping of oscillation modes,threatening the safe and stable system
operation. Time-domain simulation verifies the correctness of eigenvalue analysis.

Key words: photovoltaic power plant; small-signal model; equivalent models; oscillation modes;

eigenvalue method; time-domain simulation; photovoltaic array configuration



