U ER TR

2025 4F 9 A

Electric Power Engineering Technology

Faak HSH 100

DOI:10.12158/j.2096-3203.2025.05.009

T ] i e X B4 R4 P 250 7 i JXU R ATL 2 ) 3 2 B SR O R

SRR, GERAR, #EA
(FE RTINS BT BR Rl B2 5 B, 1195 F Rt 211103)

i EE My P AL R AR b UL (] AR A P RAL) B R & A5 4 R G, IR B R B AT ik DM RS AT 14T R R
KR &, A2 @ AT AU ) 89 55 TR im R ik, Gk T3 — R 808 N oh #3 k 5R w25 B P RLsk i ik 8%
W, Adt, P E A T A48 T i R AR T A P R ALAE i M B K 6 A BRLEE B4 A O IR i TR Rk o T
5B R e i 55 RS0 AL, 32 B — AP R T A 22 45 i dk & 5| W7 69 M R KL B 3 0 dEak M AR eE . oy ik A
TR 5% ) 43 A A 5% R A 4 55 KU ) RARIE , 247 3R KB AR A% o 38 4 A 0 7 9% 09 .30 o5 2 Am ik AL 32 44
T BT Mo ik I dR, AR AL D ERALAREARRIREAFTBEALFTRANAE ., &G,
PSCAD/EMTDC v, 247 A 45 A 45 R A0, 3 b st Rwk it 25 F R IR AL/P Wiad 4249 B & B o dke, 2646 52 I3 A

o T My R RS % 0 T SE R

KB RO AL R 40 B 3 Muds ) 5 3R 5 348 S WAL 5 0

FE 4K S:TM614 X ERPRAERD: A

0 3lF

TE “TRIKWE | TR R s B ARHEST R, LK
A2 BT RE R L B LA RS K, IE B AP IR
VAN i B 2 S S LR VAR €27 o 14 L DLW e
ZH (FRIFRIRBIL) T8 3 SO R 15 A0 38 Hi (e ] 2L, %
A By L TR, AR A AT AR R Th AR K
R b I T Hi IR i O 7 v S YA 19 IXUBL A
% 35 Bk 5 U PR A R R {1, 1] A 55 P ) 3
TR IBAT, IR TE 2 o fr 5% S 43 ) R
Y RTRFE A

H T, 55 UL A IXUATLR) 0 42 i 566 W kg Rl UL ] 2
Bz 1 R S ORI T X G . 24 ) 5 W A
SOUIR]AE HLLEL 38 AT S B, B 5 138 20 7 T 9 4% ) X
HLAS s 42 ) B4, i B4 15 R WL 26 )
O e A 5 A B - S R ) = L
EL& AR A0 A8 X XL BE 08 2 R H: 5 38 5 4 1]
(4 15 A R R B I R B s R Y, T e i
T A0 R PO 1 T ettt , BV IR IR I . Bt
SOURE 15 S A0, T T BT AR B 3 O 22 R 5
TFAE A, T S — v A

Sy IR RE 1) 25 iR A, B KB 30120 HLAE
W H S RIESBE NI L RIL ™ I
i, 44 R X HLIZ AT T o R & sk, R AR KA %
FHZ A, B AR P ) 57 R — Y A9 174 il ke Y T
WS B A 2025-04-24; 452 B H1: 2025-08-04
EARR. BEREMARANS] EHRARARD “S2HMAE

REQPRBERCGZFAFP IHME LHREHAR

(5108-202218280A-2-241-XG)

MR AR; =R H
X E 45 :2096-3203(2025)05-0100-09

LA B 5% 1~ (32 2Ll XUAE A1 Kk 1% A H LA 11
BOBNEE . Ay ik V) 3, 1 S g RN S BUA
PURER, IO 75 2y ) XUATLZE B LR A3 S ),
WA s FL R e S Ak ) L B AT B T

SRy S SR I IXUHIL 1) 4 38 B R AR 52, SCR
(161K 5 SR 52 B B 1 2 2% ) R 48 218 S
YR B A TE A (E, B2 XWLE s 1T 2 i
gk b Sk (17183 E S H YRS 5
I R ) P 2 MR G R, S R 52 BE KWL FE
TRV B S O L Wi S SR T B S S g il
IXIBIR R MeT% s SCHK [18-19] 43591 PAZR A 5 — Yk bR
BIE X Zh AR T T R A SC T Y3 i
i 2K A, RS AT R kE fe 1 e XU 174 P IR 45
R WIE

SR, 3R 7 VR AR e R O 1ok AR i 2ok
FHI— R EOE M S % D484, BME 2 508 55
HAHICHY R, SIS R B, TN 55 K i g
IRAE R H IR S B it e e, AR & | 3R B — pR 2K
B 1922 1) R 45 4 M LLSE I B 7 e i K &2
DA K P TR A3 8 R P AU o I T X 555 XL, s
I B R ) T B E E R
T i LR 52 AW 50, i L) 3L - Bt R O R
W o 33X A XUAIL TE vk K 2 & s oK B 6 AN R R
(maximum power point tracking, MPPT )R 2%, XL fiE
TR RBORIF LT B 5 e SRR S B AR, o fik e O 4
PEASHIL, 3 B RUHLE Hh B D R B, iR I | & e
IR GY Bt U i TRt 47 S S L )Xot


https://doi.org/10.12158/j.2096-3203.2025.05.009
https://doi.org/10.12158/j.2096-3203.2025.05.009
https://doi.org/10.12158/j.2096-3203.2025.05.009

101 A/ NBT A T [ i U RIS PR O AR DX R B LZL ) BRI e s O S

W AR E BT o

BRI R R, SC R A3 AT T T KT ke 4 B
T AU S AL B G R L, 45— R R
AU 55 A S 5 5 el P A X0 IXUAIL B sk K O 5 G
TR AR S XU G s XUBR T 55 XL 1 3 A 1)
8 X XA 275 Ty 2648 4, S XU (1 4 21
KN A s AR XML . e, it PSCAD/
EMTDC HL #6825 05 B S 00E 1 B 42428 1) SR e 1)
ARk

U 21 2 3 AR [N Dk ke i)

K4 19 7 ril ML 25 F8 an &l 1 Fir 7, JH 32 fl X
JI AL, 7K # [6) 25 % ¥ AL (permanent magnet synch-
ronous generator, PMSG) Fl1 32 - H - 32 A8 i w44 1, H:
vl KGH @ o UBILES 5% 3805 P iy i 40 T] 251
FEHI B 25 TR 2 0, 0 RGMR; 2GS i 2%
FURE, P AL I XUBIL A i 11 rEL G D) 238 25 3] S
F2 B TR S S S R XL B 2,
=AYk eIl i N iy BV £ VAT B3 2R
il e SR S SR W, A4 D) IXUATL ) LA g A A T 2
3k [20-23]

__________________

[ MPPT# I/
T EEE R R

E 1 KA IR S S R kB KR AL A 544
Fig.1 Structure of a permanent magnet wind turbine
system with virtual synchronous generator (VSG) control
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Fig.3 Workpoint migration during the physical
rotor speed recovery phase

K kL ko R TE S 1 R B w0 IR S P L
) RBLEE F 5585 oy Po o0 R RHER 48 4 il
2k 5l T AR 2 A2 A (BRI 3 77 /) D7 a0 X 7 Y
ML T D)%

R IR TR 5, W B T R AR e R
RGN 3 iR . WiaEZ, AR XBLE AT 7R R KT
R AL, R GIRYTEN, A XA S % D)%

B2 P IR 25 (6), NI K (00 — 0,4 B T3 K
A5 4L X IRUHIL R B3 T 5 BB S 4 FRL I i o 7 el i
R, 20(6) T Y 1 I koo 75 03 19 L AR Ak bl
WM, I, K3 R AB BERBL N e ETHE R
R RS XBLES T8k 2 B NS shE sk a2, xf
T A i A T R S R 7, 44 D RUBL S5 D)%
184 P R (7), BT A BEAFBE C T,
BCEH A S B D2 P, K T G R P, 1%
FRUT K28 CDNE s 280, X T4k gk 45 2 5 Pk
2R, S84 PocfE B U1 X (8), KL
IR C D NG o 4 R HLEE 7k 2= 5 e i
R M £k 1932 5 DB D/, P U1 [0 B 4 0 5%
M2k, i T ULEE P AT KT P, 44 R RUHLRE 2 — 25
W, HEBTRERARTIRS 4 4,

2 imi XU X IR TR R R S B RS 3 AT

R B AR B AR O R 114 47 T S R
K 22 BB s G R AR SR, SRR B i
T RGHE ELAT i FE AL AR S 1, 5 T Xd i
1% 2 K S SR ] REANIE ] T i ML o ik, 3C
HR T o i U R0 Xt ) ) XL 0 B 5 A A 1Y
SR RIT ST, Se 2l -5 A K A aod At ] s [
JEE P i U AT 9 25 AR LR At b, o — 20 s i 55
IR | 2 AR 5 W P BRATL B, SR 585 3 A gtk
e R S SR BT B Al
2.1 imiiXUESFE

i DA IR P D 3 LA AN [ B T RURE T, — i
Ao FHR s ) INE P 429 JXUTE - & 1 e s ] S £

RTINS BE s Y B |
V=74, (10)
v S8 XU 43 D R e T R A - 2
FEE o Bh 2T 538 0 st 1) RUBE P9 DR FFANAZ i I
G 53 fev 0 T KUH A BEAIL I SRR, AT AR 2
PR s mg & 4 i —BEE T E
L HLA AT B4 Bladed A= 1517 i i XUEE 7571 .

0 1‘0 2.0 3.0 4.0 5.0 6.0
I} 18] /s
4 Bladed % B9t KR F 51
Fig.4 Turbulent wind speed sequence
generated by Bladed

2.2 HBERT R RS KK

MRPE(D) L K (4) (DA 8) n] LIFF A
e KU 189 3l B 23R -Je e gy 2 A e ke Uk 2 o B Ay
P XU LA AL R DA 2k, QAT 5 PR

Pad___ Ry, AR — BRI AP,
S Wy, TR AR AR
- My, BT il 5P Qhlenye

_,.»-'-",”"(“{/::w“‘\. )

(i, Pty 177 //

U A

/// /// 0/;514,
o L=

E 5 #RXEEERE M REFREESH
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Physical rotor speed recovery strategy for grid-forming permanent magnet synchronous
generator-based wind turbines under turbulent wind conditions

Z0U Xiaoming, WANG Chenggen, HU Yingjie
(State Grid Jiangsu Electric Power Co., Ltd. Research Institute, Nanjing 211103, China)

Abstract: After the frequency support of grid-forming permanent magnet synchronous generator-based wind turbines (GFWTs)
is completed, it is necessary to promptly restore the physical rotor speed to enable the GFWTs to re-operate at the maximum
power point. However, in the face of actual turbulent wind speeds with random fluctuations, traditional speed recovery
strategies based on a single function form may lead to the failure to recover speed in GFWTs. To address this issue, the physical
mechanism behind the failure of GFWT speed recovery under turbulent wind speeds is first revealed through stability analysis.
Then, combined with the alternating characteristics of gradually strengthening/weakening winds in actual turbulent wind
speeds, an adaptive speed recovery strategy for GFWTs based on the state judgment of physical rotor speed is proposed. This
method utilizes the measured rotor speed to distinguish between strengthening and weakening wind conditions. During
strengthening winds, the reference power command is maintained, allowing the increasing aerodynamic power to accelerate the
turbine's physical rotor. During weakening winds, the speed recovery process is temporarily interrupted, and the reference
power command is set to a suboptimal power curve to maintain turbine stability. Finally, PSCAD/EMTDC electromagnetic
transient simulation results demonstrate that the proposed improved strategy, through multiple adaptive switches between
recovery and interruption processes, can achieve reliable rotor speed recovery for grid-forming wind turbines under turbulent
wind conditions.

Keywords: wind turbine; virtual synchronous control; frequency support; rotor speed recovery; turbulent wind speed;

secondary frequency droop
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