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Fig.1 Structure of infinite bus system with
single stall wind turbine
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Fig.2 Drive shaft model of stall wind turbine
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Fig.3 Small-signal model of wind turbine

22 HEESH
SR Ak 5 AR 3 T 2R HLAR R A SCHE MATLAB/
Simulink T EE S 2 MW 2k 38 7 XU HE AL 4 AL % TE 55
KB R G R ML R 690 V, 48 0.69 kV/10 kV
AEARTHE R 10 kV EEE TS5 KB, SRS
W1 FR2, %2 P HH YT bR L {E,
1 ZRERERSY

Table 1 Parameters of three-mass shaft model

28 R br £ AH
M, 6.41x10° kg-m’ 450
M, 8.79x 10" kg-m? 0.12
M, 121.5 kg m? 0.75
Ky, 1.455x10°N-m?> 0.65
Ky 9.22x 10* N+m? 3.62

n 93.75 —
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Table 2 Parameters of induction machine
and transmission line

Joff ZH A

n, 2.0000
X 3.9507

[ X, 0.0924
X, 0.0990
R 0.0046
R, 0.0055
X, 0.0440
Ry 0.0070
X, 8.4020

e 2 R, 0.8402
X, 0.0600
Ry 0
X 2.0000
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Table 3 Analysis of system eigenvalues

=2 FRAEAA RG R/ He  BHJE L
1 ~-7.350+j1348.096  214.556 0.0054
2 -10.189£j720.127 114.612 0.0142
3 ~15.415+j508.783 80.975 0.0303
4 -15.257+j119.413 19.005 0.1267
5 ~0.144 +j78.070 12.425 0.0018
6 -1.041£j10.816 1.721 0.0958
7 -1.014 +j3.112 0.495 0.3097
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Table 4 Participation factors for different oscillation modes

R LB SR
A1 ME2 A3 BA4 BEs  Mke  BA7T
A6, 0 0 0 0 0.0002 0.08580 0.3551
A, 0 0 0 0 0.4453 0.04189 0.0044
AU 0 0 0 0 0.0546 0.38450 0.2305
Aw, 0 0 0 0 0.0002 0.08580 0.3552
Aw, 0 0 0 0 04453 0.04200 0.0044
Aw; 0 0 0 0.0007 0.0545 0.36460 0.0240
Ay, 0.2440 0.24400 0.0059 0.0058 0 0.00140 0.0008
Aifra. 0.2440 0.24300 0.0058 0.0054 0.0001 0.00190 0.0008
Alﬁ(,, 0.0012 0.004 34 0 0.0005 0.0003 0.13600 0.2784
A, 0.0012 0.004 15 0 0.0010 0.0002 0.12970 0.3502
Aug, 0.2500 0.25000 0.0002 0.0002 0.0001 0.00270 0.0012
Aug, 0.2500 0.25000 0.0002 0.0002 0 0.00260 0.0016
Ail, 0.0058 0.00580 0.2450 0.2460 0.0001 0.00160 0.0012
Aiy, 0.0058 0.00580 0.2450 0.2450 0.000 1 0.00230 0.0007
Auie 0.0002 0.00020 0.2500 0.2510 0.0001 0.00090 0.0003
Auyg, 0.0002 0.00020 0.2500 0.2510 0.0001 0.00070 0.0004
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Fig.4 Oscillation frequency and damping ratio for
different series compensation degrees of torsional

vibration mode 5 and 6
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Fig.5 Oscillation frequency and damping ratio for
different parallel compensation degrees of torsional

vibration mode 5 and 6
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Fig.6 Main electrical wiring diagram of an actual wind farm



£ 8

AT, A IR T I A 1Y 2R A KL/ S R RS 23 B @

1A ) i PR R B IR S R B 5 €yl O B 65 UBIL S O BK
HLA B 42 11O AR I 5 C oy I K H 2 15 i L 4
FR 3 F G AR
X R RIR 2507 R BEAT RS 0 M A5 B U HL &R 5¢
A BILBR Al 2R AR AR AN R 5 PR
%5 RGHMAARAE
Table 5 Torsional vibration frequency of shaft

system for different modes
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Small-signal modeling and modal analysis based on three-mass shaft model for

stall wind turbine
LOU Yucheng',XIE Da',FENG Jungi*, WANG Xitian', YANG Minxia'
(1. Department of Electrical Engineering,Shanghai Jiao Tong University,Shanghai 200240, China;
2. East China Electric Power Design Institute ,Shanghai 200331, China)

Abstract: Since the large-scale integration of wind farms into power grid is likely to increase the risk of
regional low frequency oscillation and wind turbine shafting torsional vibration,the wind turbine modeling and
its torsional vibration characteristics are studied to ensure the security and stability of power system. With
the stall wind turbine as an example,a small-signal model of an infinite bus with single wind turbine,which
is based on the three-mass shaft model,is established and the modal analysis is applied to discuss the impact
of system electric parameters on the torsional vibration characteristics,each component model is relevant
independent for the further research of torsional vibration characteristics of stall wind turbine. The system
component models are independent of each other to facilitate the further study for different turbine types and
multi-turbine unit,based on which,a simplified small-signal simulation model is built for a wind farm with
multiple stall turbines and the variation of its torsional vibration modal is researched. The simulation with
MATLAB verifies the effectiveness and correctness of the model for the research of wind turbine torsional
vibration.

Key words: wind power; stall wind turbine; three-mass shaft model; small-signal model; modal analysis;
shaft torsional vibration; models
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Rapid fault transient simulation of electric elements with converter
for relay protection
SHEN Quanyu',SONG Guobing', WANG Chenqing',LIU Kai’, WANG Huanhuan'
(1. School of Electrical Engineering,Xi’an Jiaotong University, Xi’an 710049, China;
2. Corporate Research Center,ABB(China) Limited,Beijing 100015, China)

Abstract: Since the detailed model simulation of electric elements with converter has great calculation
load,its scale and speed could not be easily enhanced,aiming at which,a rapid fault transient simulation
method is proposed for relay protection. The functions and control strategy of converter are analyzed and
its simplified mathematical model is obtained based on the active power conservation law,which keeps its
functions and control characteristics and neglects its internal complex structure. By discretizing the
simplified model equations,the iterative equations of output power-frequency components are obtained for
the electric elements with converter. The proposed method avoids the use of plentiful separated power
electronic devices and trigger units,which reduces the complexity of simulation model,lowers the
computational load of converter simulation and enhances the simulation speed. lis feasibility and rapidity
are verified by the results of PSCAD simulation.
Key words: eleciric converters; electric elements; transients; computer simulation; large-scale system; relay

protection; models
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