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Tab.1 Original parameters of single doubly-fed wind turbine

28 B ZH B || 2% HdE

H/s  0.685 | S,/(MV-A) 1.5 K,/K, 3/0.6

H/s 4.32 F(pu) 0.63 | K,/K, 8/20
D[g(pu) 1.5 H(pu) 0.55 || R.(pu) 0.018
K,(pu) 111 || $/(MV-A) 1.75 || L(pu) 3.08
R.(pu) 0.016 L.(pu) 3.06 | L,(pu) 2.9

®2 KHEESY
Tab.2  Collector wire parameter

280 WL/ (Q/km) BB/ (H/km)  HLZE/(F/km)

HE 0.012 73 0.933 7e-3 12. 74e-9
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Tab.3  Initial wind speed of each doubly-fed wind turbine

WAL S K/ (m/s) WHLGS  RGE/ (m/s)
1 13.000 0 9 13.000 0
2 12.314 9 10 12.282 4
3 11.814 4 11 11.906 9
4 10.775 7 12 11.139 7
5 13.000 0 13 13.000 0
6 12.288 9 14 12.385 1
7 12.015 9 15 11.779 3
8 11.423 1 16 11.735 5
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with Simulink results
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Tab.4  Mirror calculation time of grid-connected system of

wind farm with different numbers of wind generators

ML e DU ]/ s HRREL
1 50.019 136
4 50. 901 42
16 51.128 8

Ha(14) 528 (15) Al s 5 e i
%5,
R5 FEHITEMEL

Tab.5 Speed-up ratio of mirror calculation

LK S, Sreal
1 680 136
4 840 42
16 640 8
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Tab.6  Wind power grid system fault setting

B S ROREAEE | BREg VAT

1/17 W1I/W1~W5 9/25 W9/W9~W13

2/18 W2/W2~W6 10/26 W10/W10~ W14

3/19 W3/W3~W7 11/27 WIil/W1l~W15

4/20 W4/W4~W8 12/28 W12/W12~W16

5/21 W5/W5~W9 13/29 W13/W13~PCC

6/22 W6/W6~WI10 14/30 W14/W14~PCC

7/23 W1/W71~W11 || 15/31 W15/W15~PCC
8/24 W8/ W8~WI12 || 16/32 W16/W16~PCC
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Tab.7 Perception accuracy comparison of 16-DFIG

(=R7S 40 dB 30 dB 20 dB

CNN 22 (%) 93.75 90. 63 71.88

LSTM ¥R ( %) 87.5 84.38 62. 50

SAE 1222 (%) 100 90. 63 78.13

VAE 22 (%) 100 93.75 90. 63
ASCEFRE (%) 100 100 100

FHEE 7 W, S 5 LN 40 dB B, AR SCRTEE A
SAE VAE HYJSJ0H5 FE 14 K 100% , 1fii CNN \LSTM 3
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Fig.12  32-machine wind farm ( broken line refers

to fault locations)
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Tab.8 Parameter of wind-farm line length

AEAE O KE/m || RBE KEE/m
PCC~W1 401 W27~ W28 422
WIi~W2 426 W28~ W29 369
W2~W3 381 W29~W30 302
W3~W4 372 W29~ W31 199
W4~W5 244 W31~W32 397
W5~W6 201 PCC~WI12 482
W6~W7 381 WI12~WI13 321
W7~W8 366 WI13~Wi4 322
W8~ W9 320 W12~ W15 323
Wo~W10 277 WIi5~WI16 324
WI10~WI11 197 Wi6~W17 325
PCC~W23 281 WI17~WI8 261
W23~W24 402 WI18~WI19 331
W24~ W25 325 W19~ W20 285
W25~ W26 408 W20~ W21 245
W23 ~W27 189 W21~W22 269
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with Simulink results
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Tab.9  Perception accuracy comparison of 32-DFIG

ERTS 40 dB 30 dB 20 dB
CNN R2 (%) 89. 06 81.25 76. 56
LSTM %25 (%) 81.25 79. 69 68.75
SAE iR (%) 92.19 87.5 78.13
VAE %2 (%) 98. 44 93.75 85.94

AREFARYE (%) 100 98. 44 96. 88
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Digital twin and fault situation identification of wind power
integration system

CHEN Hou-he', YANG Zheng', PEI Wei>’, YE Hua”’, LIU Feng-rui'
(1.School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China;2.Institute of
Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China;3.University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract; With the rapid growth of the penetration rate of new energy, the scale of wind power integration system
gradually increases. In this paper, digital twin ( DT) technology and deep learning technology are used to realize
the precise situation identification of wind power integration system. In this paper, based on the method proposed by
the electro-magnetic transient program ( EMTP) , a virtual image model of wind power integration system composed
of double-fed induction generator ( DFIG) is constructed. Mirror computing ( MC) for wind power grid-connected
system is carried out based on C++ multi-thread parallel computing strategy, and an algorithm framework of atten-
tion mechanism ( AM) for wind farm situation identification is proposed. At this point, the digital twin of wind pow-
er generator integrated system (DT-WPGIS) based on the fusion of mechanism drive and data drive is constructed.
In order to evaluate the recognition performance of digital twin agent, a recognition delay constant (RDC) is pro-
posed. Finally, the effectiveness and feasibility of the proposed method in wind power integration system are verified
by four numerical examples. The experimental results show that this method accelerates the traditional off-line simu-
lation to faster than real time and high-precision simulation, and accelerates the traditional post-fault analysis to mi-
cro-second precise situation identification, which provides a new idea for the digital and intelligent upgrade of wind
power integration system.

Key words: digital twin; double-fed induction generator; mirror computing of faster than real time; attention

mechanism; situation awareness; recognition delay constant



