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Fig.1 Structure diagram of PMSG-based wind farm
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Fig. 3 Equivalent circuit of wind turbine and link
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Fig. 4 Simulation waveforms of DM and CS-DAM
during startup period

{37 %iE 3R B (8] TR 35 A5 4 X iR 22 4 B Oh 13.7 ms
F10.83 Hz; X H 37 JC T Ty 8 1Y Fe K 48 XF i 22
1.269 8 Mvar; & A= /N Bl AL 20 52 Ik L 3t 19 A o7 42
IR I [E] R0 4R 95 A0 R 4 X5 22 43 B A 11.3 ms A
0.38 Hz; 43 T Ty 5 (1) A 57 ZE 38 B (1] 11 9 35 J1 536 246 %o
PR 2243 90 11.2 ms F1 0.31 Hz; HLAH B o R 9 A

a8 B AR RMURE e b XU 3 H I A S A AR A A

{67 IE 3R B[] 1IR3 AR 48 %) i 22 430 R 10.5 ms I
0.51 Hzo o & Az/NIE S AILAL 19 58 U FL O AT 2l B
FIHL 2 B U A e R AH X352 22 43 0 ok 2.04%
0.71% A 1.87% . fE/N 3l # h , B 4K DM
CS-DAM 7£ XL AL 4 2 T 09 15 B 3 T A — 2 A A7
k2 H X 92 A B A R4 HE A, Bk
Ui R 25 BN — P R T CS-DAM 1 i
W .
31,4 R B B

T A 2.8 s BE RURL S 58 G 0 kR
FREL A ] 24 625 ms i i HLBH A 50 mQ /Y = A 0 #%
ke, SRR AR TR UL 3 Y 1 A2 I L R R R o o
BINY)RZ M, B REE B G MBS R G, R
BE % IR B AR BB AT .

B s A RAS 25 HE T DM AT CS-DAM 7 J4 1% ik
B B B XU HEL 3 1) i B A D ) R TE T D R 38 T
JE B8 3 HL I M ML 2 B R I

WA YR LR AR E L
T HL ORI ML 4 BB R 3R 25 4 N 5.86%
2.106 7 Mvar.3.32% .6.82% .9.35% . M1 TH I
F A R BOE X R 2K . DM I
CS-DAM 7e Ja i i s BE 0 B E A R &
T R 37 9% )22 T 1) Fe KA X 152 25 0 5.86 %6 o
3.2 MBEEAEREZMERRKIE

Ry B0 UE 32 5 VR A R A T R ZE e e R R
X T AN B A K CS-DAM 4 A7 H B Be i
W2, B AB AL T 5 H K451 0 5 ps Ml
10 ps B, % B Bf CS-DAM i 22 %t b | .
A6 (a) 4 4B B F CS-DAM 1y A X i 2, |
A6 (b)FI(e) 4 /NS By Be T CS-DAM (1 A5 {37
JIE IR )RR R A N iR 2% . AT TR E 5 3.1
TRFF—2

H B S A B A6 WAL, I Bl B BRI AR A B B Y
HIJE 2K NS HCB AR /N B, 05 BB KRR
CS-DAM AT iR 2 AW B, REAED
KA CS-DAM £ /NG 3l B B R i i i [ B
(R AR R 15 22 A, 72 /N 3l B Be CS-DAM 1 A A 42
R[] A B A 5 4 ) i 2% B G B AR, ERH T R Gl
T AR A A AR 7 1 v P R
3.3 AEMEHREIE

J 5 AE CS-DAM 9 Jin s &4 5, 422 BRI 1 s 46
DAY IS T A A 1~30 & KUHL HLZH (9 XU HL 3%, T
TR [ AR HLAL LR, DM R CS-DAM 9§ CPU
7 ECFH BRI B b o DU BT SR R T S AL

.aeps-info.com 5

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. ht}?tfé://%y\xv'\ihegnlu.net



2024, 48(2)

2.10 GHz Intel Core i7-1260P , flli& 2 G 45 B4 K N
10 ps, fh B[] H 1 so
F il T AR XEHLLALECT DM Al CS-DAM
(1) CPU {5 B H B AN B L o &1 5 s 1 g A A 784
V18 )5 L FH AR JIm 3 L i R i AL 2 50 A ) i 3
#1 DM # CS-DAM {5 & B [8] 7 i i bk X bk

Table 1 Comparison of simulation time and
acceleration rate between DM and CS-DAM

KL HLL CS-DAM fj &

DM {jj ELEF 1] /s N i L
Bt/ & g ) i i /s L
1 17.33 10.11 1.71
2 80.64 10.97 7.35
5 384.14 30.41 12.63
10 2058.78 43.94 46.85
15 5 448.30 56.50 96.43
20 10 596.62 87.33 121.34
25 18 073.16 123.95 145.81
30 42 702.20 161.81 263.90
105+
/D'/E
” 104+ o N
2
Z 103+
{ﬂ
5 10%F
3}
101 |
100 L L L L L I
0 5 10 15 20 25 30
K HLH B/ &
(a) CPU{Jj ELI 1]
103 —
//<>
0
102F o7
B —
= 1 <>/
101 <>/
/
/
<o
10() L L L L L |
0 5 10 15 20 25 30
PRI RS TS
(b) T L
—o—DM; CS-DAM-

5 AEWAHET DM CS-DAM K E R 3Ttk
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Electromagnetic Transient Controlled Source Based Decoupling Acceleration Model
for Large-scale Offshore Wind Farm

20U Ming, WANG Yan, XU Jianzhong, ZHAO Chengyong
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University), Beijing 102206, China)

Abstract: With the increase of installed capacity and proportion of wind power, the problem of extremely slow electromagnetic
transient simulation speed of large-scale wind farms is becoming more and more prominent. In view of the complexity of the
existing modeling methods, the inability to reflect internal characteristics of the wind farm, and the lack of flexibility, this paper
proposes an electromagnetic transient controlled source based decoupling acceleration model (CS-DAM) for the large-scale offshore
wind farm. This method realizes the decoupling between the internal components of the wind turbine (WT) and the ports between
different WTs by transmitting the voltage and current information between the ports through the controlled source, so that the high-
order matrix in the system solution process is decomposed into multiple small matrices to achieve simulation acceleration. The
effectiveness of the method is proved based on the node analysis method and Kirchhoff’ s law. The proposed modeling method of
CS-DAM, which can build a model by dragging existing modules in the simulation software, is simple. The CS-DAM can
accurately simulate various transient and steady-state conditions of the wind farm, and the acceleration effect is obvious.
Meanwhile, the proposed CS-DAM can complement the methods proposed in the existing literature and expand their flexibility.
Finally, wind farm models with different numbers of WTs are built in PSCAD/EMTDC to verify the simulation accuracy and
acceleration effect of the CS-DAM. The results show that the proposed CS-DAM can achieve acceleration effects of 1~2 orders of
magnitude, and has higher simulation accuracy compared to the detailed model.
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