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Equivalent modelling of the DDPMSG-based wind farm based on
action time clustering of limiting component
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Abstract; In this paper, a new dynamic clustering method for the DDPMSG-based wind farm is proposed based on
the action time of current limiting component in the grid-side controller. Firstly, the affecting factors on the action
time of current limiting component in grid-side controller are analyzed, and it is pointed out that the action time of
limiting component dominates the dynamics of DDPMSG-based wind turbines. Secondly, the estimating method of
limiting component action time is proposed based on the steady active power and the terminal voltage sag. Finally,
the DDPMSG-based wind turbines are grouped based on the limiting component action time with K-means method.
The 10-machine 39-node system integrated with a wind farm is used as the test system, and the dynamic responses
of the wind farm based on its detailed model and the equivalent one are compared. Meanwhile, the small-signal
stability and transient stability of the overall system are analyzed with detailed wind farm model and equivalent wind

farm model. Compared result validates the clustering method proposed in this study.

Key words: direct-driven permanent magnet synchronous generator ( DDPMSG ) ; wind farm; current limiting

component ; clustering; dynamic equivalence; parameter aggregation
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Table 1 Action time ¢, of the controller limiter under different steady power and terminal voltage sag s
AU/ % Py=1.5MW Py=1.4MW Py=1.3MW Py=1.2MW Py=1. 1MW

20 0. 160 0. 184

30 0. 146 0.158 0. 176

40 0.138 0. 146 0. 158 0.174

50 0.132 0. 140 0. 150 0.162 0. 186

60 0.130 0. 136 0. 144 0. 156 0. 176

70 0.126 0.132 0. 140 0. 152 0.170

80 0.124 0. 130 0. 138 0. 148 0. 165

VE: Py WHLARAE IR, Po=1.0 MW B RHLE R IR 77 1% 4 31

SR ARAS LR R A AL R MR 19 Sl AR I ) A 3508, SR = 2t A8 Py F AU, RZR
Mt ANEERWT
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2.2 ETFRIEATIHEM BB K#REBYARETZE

SRR B S R AL R FR S T R R KU A B AL PE 2 AN AR [ 5 e Ah AN RIS R AN Rl A7
(XU AILZE , O TR R P8 R BE AP TR 25 5 o 3ok SRS 5 42252 el B W P 5 J2 75 Sl VR LA S Sl AR IS 1] RIS i 3K
AHE LA BhZSHEE . I E R K-means SR 1 K FRIEIR T ShVERTE] ¢, AH T A9 XU HILZH
AR,

FETF K-means Tk ¢, R BEUT .

a. BEALRIIGR AL K A R2Erul,

b. HHEANEIENZ S KA P.O R IR PR B e/, RV e K B9 , IR RAZ8 490 A
A

c. FHIHE KARIEH L, O IR N BT SRR R, T3 (3) B i bs v 2 ek 8

/E=;ZXIIJU—'7%»II2 (3)
K E——R 2 N p— RSB s m,—— B4 X, AEE o0 X BLAY BB 45 X B R BRI 2R 3
I
d. AR RIER B 220 (4) , RARER,
‘ E, - E, ‘ <& (4)
R e—W/INIERGE, E,——Hi)5 2 YGEACHIFRAED B
3 B0l o m

3.1 BHIR%

HT BPA V-5 5 A A HUKAKRE XU 311 10 B 39 7 5 R4, WL H 8 17 8 F11 3k 64 5 %4 i 745 >
1.5SM A X ALZEAE A, LI S XU AILZH H 1T B R 690V, FHIE ZE 15. TkV Ji, H 85 H W 4 32 A 300 i 422
A S X E I O RS TR R 220 kV, SR 542 T 10 ML 39 T S RGN BEZL 33 b, Hih B H N4 25
r=0.12 O/km x=0. 32 Q/km, #1482 GHLALEIFEE A 0. 5 km, HLALRFHE SRR B ] 7 28, KU ok 4508}



92 WK E el (AR RS R ) 5547 4

R, LRSS IR I 2.
#2 REHHIABRSHES T

Table 2 Distribution of the Steady active power in wind farms MW
%5 51 3 252 31 % 3 %1 4 %) %55 5 %56 5 %7 %) 8 7

1 1.50 1.45 1.40 1.35 1.30 1.25 1.20 1. 15
2 1.45 1.40 1.35 1.30 1.25 1.20 1. 15 1.10
3 1. 40 1.35 1.30 1.25 1.20 1. 15 1. 10 1. 05
4 1.35 1.30 1.25 1.20 1.15 1.10 1.05 1.00
5 1.30 1.25 1.20 1.15 1. 10 1.05 1.00 0.95
6 1.25 1.20 1.15 1. 10 1.05 1. 00 0.95 0.90
7 1.20 1. 15 1. 10 1. 05 1.00 0.95 0.90 0. 85
8 1.15 1. 10 1.05 1. 00 0.95 0.90 0.85 0. 80
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Fig.5 Collector diagram of the DDPMSG based wind farm
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Table 3 Real action time and estimated action time of ¢, s

o %151 %52 41 %53 41 %54 51 %55 %1 %5 6 51 %57 51 %5 8 41
" Schro MR SR fEE SR MR SR MR Sibr ME St MR SitbR R SR MR
1 0.138 0.137 0.144 0.143 0.150 0.150 0.158 0.157 0.168 0.166 0.178 0.176 0.190 0.189 0. 205
2 0.142 0.143 0.150 0.149 0.156 0.156 0.166 0.164 0.178 0.174 0.189 0.187 0.202 0.221
3 0.148 0.148 0.156 0.155 0.164 0.163 0.174 0.172 0.187 0.185 0.200 0.218 0.240
4 0.154 0.154 0.162 0.162 0.172 0.171 0.186 0.183 0.197 0.215 0.237 0.263
5 0.160 0.160 0.170 0.170 0.182 0.181 0. 195 0.213 0.234 0.260 0.290
6 0.166 0.168 0.180 0.179 0.195 0.193 0.210 0.231 0.257 0.287 0.322
7 0.176 0.178 0.193 0.191 0.208 0.228 0.254 0.283 0.318 0. 359
8 0.188 0.190 0. 206 0.226 0.250 0.280 0.314 0. 355 0. 401

MR 3 FTLAE 2 (a) 4 B AILAL BRI PR 15 52 B 20 R s (8] FAR 550 0 Sl AR i Tl 42230, B X (2) AR 4 2R Y
ATATPE 5 (b) Y H58 B AS g B I 2 1 Sl VR ek 8] O e e 0 [ B 1) (AR SR80 v oy 0.2 ) B, S B BRUE 3652
ER
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2 BE ML WT{1 ~23, 25 ~31, 33 ~38, 41 ~45, 49 ~52, 57 ~59} 43—, HL4H WT {24, 32, 39 ~40, 46
~48, 53 ~56, 60 ~64 | 535 —#F, AR 2 GEENLNSE, X HER AR INBUNE,

R HEEE A R JE T LR AR RO, ERA ] S KU 37 R R RN A 5 2 LA (E AR T () DRz
&, LK 6,

L6 T LA H 2 BT B 3K R R XU H ATLZE A4 o o v It PR R PR 5 SR IR (R A 7 0 SR, KU 56
B BRRC AT M AL A PE AU ) S AR, UEBH T S B IR 1A 5k .
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Table 4 Results of eigenvalues from the detailed model and the aggregate model

PR i/ He BELE L SR BUE I
i — - pr— ” B Py p pra— p
B M S5 {E A HHE SRRl FHfE SRRl EHfE
1 0. 68010 0. 68042 0. 13151 0. 13161 5 1.09331 1.093 66 0.15557 0.15559
2 0.73131 0.73112 0.15977 0. 15990 6 1. 16668 1. 16640 0.12392 0.12410
3 0. 905 94 0.906 17 0.23160 0.23157 7 1.35763 1.35729 0.13282 0.13279
4 1. 069 14 1. 06893 0. 16407 0. 16402 8 1.36124 1.35089 0.15021 0.15014

M 4 ATLUE Y EROK A 7 3 A8 S ATS | IR SR RHIEAR S R, e n] I R G/
PURGE PEAE KR A T Sh A5 SRR — 2L

N S [ e S He
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N 2 N

KR T R 58 , TR A I b A R AR AR 2 Table 5 Transient stability of the test system integrated with
16 ~ 19 7 5 , A 3 I R 2 M F B A A5 wind farm using the detailed model and the equivalent model
PCC AT A R L TR B, 3B Ja A% 45 HUERETE MR e BRUTBRI i) /s W ERAE R D3/ MW
E]/‘J %?S*%KHE‘I‘E , LA 1:& BE@] B/% H?J‘ I‘ETJ ﬂ] éf %*& W& B2/ % A a] /s ) = S S S
FRAG S D R RAE 5 R WK 5, 60 0.30 0.40 0.40 1209.18  1220.79

}J\%:{ 5 ﬂ[&%ﬂj N%%%{Eﬁﬁ}ﬁ,x 70 0. 30 0.37 0.38 1145.53 1157.48
ﬁ@%ﬁﬁgﬁ?%/LE"J*&BE@]&%H#IQ*HQ%% 80 0.25 0.34 0.34 1193.02 1184.89

A FIR A2 i D 5 R FT U ) 2R 0 4 T 8 A PR XU 7 B A S (LIS AR A LR W R84k, o It 36 iE 1 AR SC
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ShRIEE], 5 ECA SRR HLAL A FE S Hh B, lopL s Fi T B % W 2 ™ L, B s i, BIR I B 5 8 5 5l
i, ELFR MR ER AT B ShAFAR D0 2 i K B X ML Sh ARt i £ R . SRA SR IR T 4, BRI ER Y
Sl I ) R % KR LR AT 125

Xt TS PRIz AT (4 AR 377 , G ) DG 3 4R R G 25 XU ATLZEL R BT (R S A A T, D A A H BR i 2
W R G373k Tl S B E T A T A i AT

ARTCEFE I FE T K-means J7i% B BRUGPR Y SR I RIAR L 09 B 9K % KB ALZE 24T 70 2R A 4 m
BOTERIGR G IR TSR, DT EXT TS ERTE K IR Z L, DR R SR/
e PERAIRT SRR E V| 45 RR W% gl S5 (BT Wk A R S T A7
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