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Equivalent modeling of a DFIG farm based on enhanced recognition of protection circuit operating state
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Abstract: During a grid side fault, the operating status of each unit protection circuit in DFIG-based wind farms is the
main factor affecting the transient response characteristics of point of connection. It is difficult to express the operational
status of the protection circuit of DFIG mathematically. Thus an equivalent modeling method of DFIG-based wind farms
based on enhanced recognition of the protection circuit operating state is proposed. First, a core sample index is
constructed to extract core samples according to the influence of samples on the model training process, and the core
samples are trained and enhanced by a generative adversarial network (GAN). Then, the enhanced sample set is used to
train a deep belief network (DBN) to construct the operational state recognition model of the DFIG-based wind turbine
protection circuit. Finally, according to the recognition results and wind speed, the units in the DFIG-based wind farms
are divided into groups, and the equivalent parameters of each group are calculated to establish the equivalent model of
DFIG-based wind farms. Through comparative tests and index evaluation, the effectiveness of sample augmentation in
improving model training and the accuracy of the equivalent model constructed using the proposed method are verified.
This work is supported by the Management Science and Technology Project of the Headquarters of State Grid
Corporation of China (No. 5108-202218280A -2-67-XG).
Key words: chopper protection; crowbar protection; core sample; generative adversarial networks; deep belief networks;
two-step clustering
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crowbar protection
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Fig. 10 Schematic diagram of DFIG farm
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Table 1 System parameters of the wind farm
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Table 2 Sample core index (I,,)

I, X ]a] FEARANL d /%
0~0.1 3856 85.67
0.1~0.2 203 4.51
0.2~0.3 83 1.84
0.3~0.4 75 1.67
0.4~0.5 77 1.71
0.5~0.6 56 1.24
0.6~0.7 46 1.02
0.7~0.8 47 1.04
0.8~0.9 27 0.60
0.9~1.0 31 0.69
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Table 4 Influence evaluation of sample augmentation

on training effect
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Table 5 Small sample size training set 1-2/_; distribution
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I, X
BEAAHC % BB %

0~0.1 2406 83.45 2292 81.59
0.1~0.2 126 437 162 5.77
0.2~0.3 51 1.77 66 2.35
0.3~0.4 47 1.63 60 2.14
0.4~0.5 48 1.66 62 221
0.5~0.6 35 1.21 45 1.60
0.6~0.7 29 1.01 37 1.32
0.7~0.8 30 1.04 38 135
0.8~0.9 17 0.59 22 0.78
0.9~1.0 20 0.69 25 0.89
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Table 7 Clustering results of each clustering method in each scenario
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Fig. 12 Transient power characteristics of the fault

process in four scenarios
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fault process in four scenarios

VB, 3 PEEAE T IETh RN SRR L7 —5L,
RPN 0.5%. 5 2 FARSCITIREET1VET)
R STEMBER )L —8, RZEH BN T HALH
FEEE 15, 1R 13(b)FTanZI B R 5o MR 0 (0

ZIEEAL) N R B 13(c) AT 5, 5t 3 FARICITZ
SAE TR R ZE SR KO 7 S 7 AR, W
NTHRE crowbar S 5 BIE > HFEEETE IR Z .
Wik 4 N AR SO RSB I 1S ARAE K 7 BB T
R RS R —FF, RE—FF, ER 13(d)Hh i il
LHET; st 4 TREKEI N REPLZ chopper
RIFD crowbar LRYIHBNIE, 3 FREFEITIERI DI
4 5 PERIEEAY 1P — 2.

FIBE I BORZRIZE 5, RAFHIMAUTT
AGERBORE, SRWME 8 Pn. Wt 1 Mg
St 4 U LI N & X LA PRI BRI L —FE, 3
FEEETERZE TV, AN 0.5%: 5% 3
HAR SR B TR ZEN 0.25%, BE R TR XUdk
IREEE TR AR ST E 11276 FE 71X chopper
TRIPENERE DL, BTLMEY & 2 R ZE RN T
FHNPIRPEEAE T . AR ST IR E T IEAEA A3 5
NI B ER .

*8 ZHREUE
Table 8 Comprehensive error calculation
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