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Fig.1 Typical layout of grid-connected system with

PMSG-based wind farm
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Fig.3 Impedance comparison of PMSG under
different PLL parameters
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Equivalent method of PMSG-based wind farm suitable for
subsynchronous oscillation analysis
YUAN Saijun'?,HAO Zhiguo*,SHU Jin’
(1. Electric Power Dispatching and Control Center of State Grid Hunan Electric Power Company Limited,
Changsha 410004, China;2. School of Electrical Engineering,Xi’an Jiaotong University,Xi’an 710049, China;
3. Xi’an Thermal Power Research Institute Co.,Lid.,Xi’an 710054, China)
Abstract:In order to solve the problems of impedance modeling difficulty and node limitation of numerical
simulation of large-scale PMSG (Permanent Magnet Synchronous Generator)-based wind farm, considering the
basic principle of impedance analysis method,taking the consistence between the external impedance charac-
teristics of PMSG-based wind farm before equivalence and that after equivalence as the goal,an equivalent
method of PMSG-based wind farm suitable for subsynchronous oscillation analysis is proposed. The method
contains two steps: clustering aggregation based on impedance sensitivity analysis and equivalent order re-
duction based on genetic algorithm. Taking wind farms with the same type and different types of PMSGs
as examples, the comparison of the external impedance characteristics of PMSG-based wind farm between
before and after equivalence is analyzed. The result shows that the equivalent reduced-order model of
large-scale PMSG-based wind farm can be realized by the proposed method. The external impedance charac-
teristics of the PMSG-based wind farm before and after equivalence are close, and the equivalence error
can be quantified.
Key words:wind farm equivalence;subsynchronous oscillation; impedance analysis method ; PMSG ; sensitivity

analysis; genetic algorithm
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Table A1 Network parameters of some actual PMSG-based wind farm

EESE 4 SHa
B/ (Qkm™) 0.161
35 KV £ HLZk i HHT/ (Qkm™) 0.114
K /km 6.219
R R 40 L /% 6.5
0.69 kV/35 kV #i4s BE 25 5/ MW 2
ARG 10
BT 25 1 /MW 15
B AL
KHLE 10
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Fig.Al Iterative process of fitness function values v.s. change of genetic algebra
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Table A2 Parameters of 5 different-typed PMSGs
i

1 1800 008 32 025 355 15x10°

Jio

;o HTE/A Kp Ki Kip Kii L

2 900 0.85 320 05 200 15x10°
3 1500 0.5 2 005 5 1.0x0*
4 1200 005 500 085 160 2.0x10*
5 750 025 25 003 700 15x10°

F A3 TEHSHBENFERESHY
Table A3 Equivalent model parameters of different-typed PMSGs

LHTE I/ A Kp Ki Kip Ki  L/mH  i#%Z/%

LR Sk YE] 6 150 0211 26 0.010 123 0.684 10.8

1 4060 0134 30 0018 163 0.108
SEA2 G 5.07
2 2090 0485 146 0.110 54  0.100

a

a

14 2100 0469 29 0.025 141 0.530
Sl 3EH 2% 2030 0093 31 0688 219 0520 1.89

w
a

2020 0.496 8 0.022 145 0.630
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