%42% %98 B RERER Vol.42 No.9
2024 9 A Renewable Energy Resources Sept. 2024

AABERNNDEZBEEFEMERARHAR

faRE 13 FE 23
(LRI 220 ML S S T R4 ps, Wimd 25F0 413000; 2.p5H0cs: M T RSB, iR M5 421001,
3BT RE RN S G T A M A ES LIRS, IR 25FH 413000)

O BEERMRGEIBEAR R, XTTER DR 0 v RE T LK L REVARE 7 A HE RS IS X
LR 7R el NN/ R P VR i P /W R 778 ) PSR e v - i DDA R 77 E PR (e e
FE, SCRET TR A F20 B KL R R AR R R 0EAT T T B 2 SR X S Sy 12 P B B I SR LA%
(AL A P EIE T BCRITEAR A, 0 S S RO MR f I S (EE AT 1 AR s foem R4S T K

SRR AR R PRI, EXT AR ARIFTE 7 AT T R,
KR WHBER, shB%HE; FESEOTR, ERMASE

hESES. TKS1 XEMFEEE: A

0 5|8

Bl 25 AU HL Y8 325 AN W g, XUR 37 AR RS AS
Wi, (A5 L R ) & e Re s I8 4T 32 B RS 5
B T IXUHL 37 (1) ) eyt ™ A ) Bk A R st
I8 I i 4 )23 00 18 ST 0T H, 7 £ 18, e
Bl LR DN AR DL R < Hl 4 L0 ™ 1) S i e S5 AN R
M) 5 )R, FEL PR A B A At 2 5 M XU A v
TSI IE R 1817, MR R HEZIFA
RESE 2 WL IB AT, X 2R XU 3 B 45— Tk
FEZEERAE ST, RUERA S T FIPEA AR L 3 R
T R G2 (R AH EAE FH RN SE ), WF 55 9 57 A3
(1) UL S S AT AR AT 22

TEX L 0 S R rh 3l A R AR S A
B R AR  Horh RS SR BR324
FHT R S RS A i 158 T S A SR (E AR A 2
B TR SE G I 3 2 K Fe D e IR R 37 7 3
BATH . PSR ERB DR R %
SRR FEARANAE N LRl | AT R 114 P 2 FL AR
Ak, BERRAIR TR RL AT e R B ) SR T 7 L
[0, A A E AR AT DL g3 o B TR G i SR (AR
RUFIHE T R B i A S (AR R P B T 3R
B A E B X o B LA (AN 2 AL
A

A SCH [ 58X L 7 sl AR S A R ik e
KSR RFFLER | B e Xt KU HL 37 1 KA 7 R A

K EHE: 2023-07-29,

TEHES . 1671-5292(2024)09-1226-11

TALERIEAT T RIS 45 SRJE XTI S 8 545 (H
Jrik PRI | AL IR M LA ERA AT
THESERGE, JEXRHESEOTR LU M4
SEELEEAT TR f e W AR KL Y B A5 A (E
WFERE T TR,
1 RHEB R SRS

LY T2 KL R LRSS TR AE
w LK IR AR e, A 1 i,

RHLBLEE

B ARG ;}ﬁ)ﬁﬁ@ﬁﬁ;} AL LI

1690 V/35kVI  i35kV/ASkVE  35KkV/220 kV“i IR RS

1 REBFAREHRTEE
Fig.1 Schematic diagram of wind farm structure
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Table 1 Comparison of collector network equivalent methods
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Fig.3 Equivalent diagram of single machine

221 FEFEREIN

K T1
JRAE e

SE 5 KA LI B AR Z AR I AU R %, X
LML A SR T ISR AN, BAT TR
Jo7 FH e BB I A, o SCRR[17) 28 PR 2
REFHETTIE It il TR ESEO TR 0 WA 4,

it ke
X CIES HlLZ)
Y
WGE | (| HUbK | 1Ld | MU SRR | K
KB | gk | REE | T | bl iR
(a)“1+1"BIZE{E vk
ke
e
e A Herr
WOk | g | B | ThER | B | Sk || M
WAL | Zheg | R | T3 | dpldl il

(b)“n+1" TS
B4 ETEEMRRENEESE

Fig.4 Equivalent method based on capacity—weighted
stand-alone

222 HEFSHIEHN
FTF SR B AL SR DL E TR X

L R R 22 oA A B, GRS X
- 1227 -



T RERETR

P 2% i At S S 0 20 A ST A A AR
PTG R E AW SOSR | Re205E
FHORSEE SR, (S AR ELA e FOR
HARRFEBLINE 5 P,

iy u(t)
A

SPRAHL

TR SRR

RS 2R

B5 SHPHIEAREE

Fig.5 Basic principle of parameter identification

AR LA (VA A A AR AU 2 4 o R B (H
ASGE T UL LS AR ] | G 22 AN R KU 37
Bl XU 7 AR A A Ji . XU L2 A5 A 34
DL RGH AR R 22 5, AL ELIF A RIS
I, BA — R FRYE , AU B e A s 2 S5 4
KAAZ 2 HLAHETETE
23 ZHFALE

Riti e KR A, X BB &
I IIRZEIED, (5% RGBS E TR
[V S A AR, B A AR LS 1T A AL R 53
Ry [R—FE , BT R RENLLE A T 23R A 4, AT 8
T XU Y Z WL R ik AR (R
EEWE 6 U,

// - ) N N
Y WIS HIBN
‘/ WT11

ot
Wt w
. Vﬁﬁ Rt 571
| I JEASIE R

S HHTN, f ST
[/ W2} SWT13 HLE m \ |::>} Al m |
i | I Zin 1
\\ / i
~WTa-3 N win D A !

H6 SHLETFEE

Fig.6 Schematic diagram of multi-machine equivalent

IR 22 B A (AR 2% L K e
PIZEAIFE R GERE L S R AN A BRI 9,
Xt M ALRFUEAT 20 BER AR I EE B, XU LA Y
RAIIRE [RIRENLALAY S5 (E 2R i 25 B SR L
SR BRI 7 s,

FHT, KA Z LA ERT S B2 PP
AT, — 2 AR IS G R T IR I i
£, iR K s RS BOPLA R 2 N
FIFEHLAL, SRR B A S (E o — LA, R K

- 1228 -

AL
HRE

2024,42(9)

PRSI ER bR

R RERE R

SR R R

SHBEH

| 07 1L S AR 70 1 |

B7 REZSHIEEERRE
Fig.7 Multi-machine equivalent modeling process of

wind farm

A AT T 6 BN AITE R, R bRl
KEE
23.1 SRR PRAYBEE

S RERE BRI T4 R B =Rl R o i
H AR AL F AR 7, H e e X KU AL 4 2 2
BATRRE AT R AL FRH, DOTITAR S F A 40 A )
P, SRR AU, B 2 S AR AR g
SEATRERRAR EERS ) X T RERE AR | 38 R HRERAE
WL IZ T RS R S S R L, W] 3
23 [AIREHESSTR AR . WUBIRR I AR b A L AR 2
FebR, b, 23 [ RRPE 28 A 2 A B AL
HHESI T B DL RSN SE X ILAE TR 5%
Wl , I B O HILZE A 700 X5 MUBRRE R 2 HE br 2 22
G TG ERE A S VEIRAS DL R AU
AR A E TR R A Y
R TCII AR WG A TEFR PR A E U B XoF
ANFIFSE AR, BB R A A e b, AT DU —
. A] DU 2R (H TR AR R REOR /D i
DASCELHLRE 0 &30 40 s AH I, R it 200 25
BT AR BRI RERCR
232 HHLARHE

FER R LA RIS R A
o IS B B KR AL G A B, B2 T 4R 3
25 O TRIERINLLLHE QR THLAETT
RSRIPLL 3B ; OB T Z B B LA 537
i 8 Fios,



PHEYE, & KM A L0 1547 AR AP

RGEALEEL Ry i

| IETRAE | |%¥mﬁ@ﬁ%ﬁ
I

|§¥§ﬁ&@ﬁ‘
T

=
B i
an I
Y X

PSR suBaw—y|
=

H
W
+
®
x
#
i

BFSETRGL IRgMo) Hpm |
MRt S

8 KEHASETEDE
Fig.8 Classification of wind turbine groups by
grouping method
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Research on equivalent simulation technology of large—scale

wind power generation

Yang Tongguang'*, Wu Shidan*’

(1.School Electrical Engineering, University of South China, Hengyang 421001, China;2.Hunan City University

School of Mechanical and Electrical Engineering, Yiyang 413000, China; 3.Hunan Provincial Key Laboratory of

Smart City Energy Perception and Edge Computing, Yiyang 413000, China, Hengyang 421001, China)

Abstract: With the increase in the penetration rate of grid —connected wind power and the

continuous expansion of the scale of wind farms, the integration of wind power into the grid will

have a significant impact on the power quality and power dispatching of the regional power grids.

In order to study the macroscopic dynamic response characteristics of wind farms under large

disturbances, it is very important to carry out dynamic equivalent modeling of wind farms. Aiming

at the research on dynamic equivalent modeling of wind farms, this paper briefly introduces the

current mainstream wind turbine types and their model structures. Then, the reduced —order

method, the single—machine equivalent method and the multi-machine equivalent method of the

equivalent modeling methods are compared and elaborated, and the calculation of equivalent

parameters and the equivalent value of the collector network are summarized. Finally, the existing

challenges in equivalent modeling of wind farms are summarized, and the future research

directions are prospected.

Keywords: wind power penetration rate; dynamic equivalence; equivalent parameter calculation;

collector network equivalent
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