2026 4 3 A
BaTH B2 W

Journal of Zhengzhou University ( Engineering Science )

X EHE 1671-6833(2026)02-00104-09
MRABERNS S H SRS S ER % RARER S

MR xfegl, FJLEN, &4 B O P, FEC
(1. E MG B SN E SFHE AR, Hl 22 7300002, SN K% B 5E 8 TR, R M 450001)

W OEASHARARTINAC AT REEANFHYAZAARER DB RA AT RARL, G milReHE
ZUERFHPNE RET AR ERMALEHRRZHEEREER AL ELHRER, GA,AARMAHEL
R A FIME RS RS AT A RIS HRk AR A AL IE AR LR K b AL e R A S LA A A 3 R
FAVELHERS, FRIATAZE TR AL EPEHEFTAT , HRARAKA B E B A HREISH 24
RAAMER A, AR FTTEDRE T AAGELH RS, FAZTHEARME 2R Enf 20 ) 09 2h &4,
R B ARAEFREIER ), k)G ,i8iE MATLAB/Simulink #5 & 65 IEEE13 ¥ & #7468 Kb 45 A AL A I T A8k T4
GURPEEFT R EAN AT E AR ER L ERERIEH KRG THOELERESHNBRY T 18%F 50%, B %42

M K 2 (T %) Mar. 2026
Vol. 47 No.2

FTHRREZSEEESRAAERFERG THEERLE S,
K AR A, MR AR, SRR BB R R AR, LR LI, RSAME

hE %S . TM315;TM76 XEKFRERD A

BE& ks Wesk R H AR SR R 2 20T
R AR R Je IR A5 BT R TR K H , f A LU B R A
ERF AR R SR, b E T AR VR
A Sk 1) DX SRR A, 2 90 90 T A0 60 H s DX R A O 9%
Z MR N EE, @ﬁi‘@ﬁ?ﬁﬁ%(voltage
source converter based high voltage direct current,
VSC-HVDC) Z 4045 Vv &R X 5 BE U 3 M 19 %5 375
B 1% B 2R W8 G A PO, AN OUR RUZE AR T G G
DI r B R AN 2 Y R R D EL 4 R T RE R A O
PR

T SE AR i3 B BE R ML AT BN W, G
DT AL 1 R R AR YRk M, G0 U A T OB AR Sk
Hb PN S 22 A RUH R 8 2 R 2Ol
IRAEHD A5 o SR, e be 1) /i 1y v 1 90 37 E Dk 3
I LS L R R TR S RE D M T I BE ) B
R, X F s R G0 v TR AR s L T R bk
PRIAEOTHR T — b L A 1 R Gk B 1Y BT AR VR L b
CiNA N R < VAN R b = e SR i Py B

W fe HH5:2025-11-10;f&1T H 8§ :2025-12-28

BELWME . BHEAKRF IS I H (62273312;52109041)

doi:10. 13705/j. issn. 1671-6833. 2026. 02. 006

SRORIESS L O R BRI O T i N VR ) N LN T
2T EALTE BT A AR HL B0 R R T RE T, R
BATHA S R, B R BT AR T 43 A = A L
I FEL 2 i T 2 By 5 B [ kb £ 07 1, DL G 7 B
B AR T B0 R R A sl 2 P RE D UL Ak B A, 9 5 XU
HUZEL I 0 AL i, T 5 B A T T ok i A
LB Y v 0 T DR SR AR AR O 0k L 2 IR T
- PR AR RS ek /D 1 A7 Ly 453 M H s i 22, AR
1, %A S AR i i, S EURA RO Z R, 8
LA T T AR (A Y TR e 1 22 )2 P 9
TINARATT I i de 1 o A X 73 J2 38 A e 3 3
HL R B BR )T, SR, 32 07 vk i AR R e
T LA -TC S B AR S T RS A
BAME RN T —F RS EREES 4
TEVERY TC I D AR AL T &7 12 i 5 i TR AT Al 8 A
AT 0 H e SRR AT T 2 By SR B i e, B
1T RE IR R S R R R RE D, TR T
SEUUSRH T — A R R e R R E (I TR T R

TEE BN BRI (1996— ) 5 Hli e va A, By BE T A2 0, 3= %2 DA s I B0 &) BB 68 5 T8 90 F 9%, E-mail ; cby1101 @ fox-

mail. com

BAEERE 20 30(1989— ) 55 W R A [e A RSN A 0082 1 L, e A 5 O, 2 B A 5 0 v g % 4 L R A A 5 4

HIAF5E , E-mail ; lzw@ zzu. edu. cn,

Sl AT Bt v XA, ALAE T, &, WMB KL S SRR B B R LR E R ER R [T, MK F M (T %
Z),2026,47(2) :104-112. (CHEN B Y, LIU X M, KONG D Z, et al. Grid-forming wind turbines participate in

control of high renewable penetration sending-end systems[ J]. Journal of Zhengzhou University ( Engineering Science) ,

2026,47(2) :104-112.)



552 #

PRI, 2 A 19 B L2 5 0 R TR e 18 128 3R 36 o AR 4 WL R 42 il 105

H: 8% (static var generator, SVG) AL BC B ¥, FRAK
TR RE R M 1 2R Mk R AR 2 v R B
SR, I T R 7% 1 SVG 5 H A JC Dy w2 15 4% 22 1]
ARG AL . Al-Saidi 250 32 T #1k JCTh AR B
(static var compensator, SVC ) ¢ £ v B 4 I H 3%
il 75 %, AR T REOC AL R 2 1 i R £ e
TERPRARAE R T TR AR A2 O YR T R SRR
SEVE . IRATTAE R AE g A AR T R R SV G
Z 5 a5, 8 1w H T AR IR Ik 3 5
RS R, 42 T 1 55 e R L R SRR
J1. Gao SR Yin" 'O DL - e 30 R HRL B
A Sy PR H, Bl 1 B XU A 1) B X ) L B
i SR A Xy e f AL B AT (] 25 A e BIL A BIL AR ER
SURRYE BB A ST R0 A8 AT, 0 H R SR B T R
e TR R R, ok AT AR T R (grid
forming , GFM ) % Fl 12 I’ ( grid following, GFL) #! &
X XUHIL 7 e B 25 e 309 1) /) p ] 42 ) O7 v A R
il 4G AL A A O T | A R A I R,
AR AR 2 2 M TR R O Rk A
1 32 3ty L 1) 25 A e B I PR IR 2% TR U L R G
MR EIZTT . KB & 5 R W T e M T
B G o R ) O VR AR 980D BB Y TR
2 vy PR OO 1 A4k 0 T b A2 DT B O PR Sl e U
LT PR KT, 32 07 ¥k oK 25 I8l e DD Bk 1 (1] %o
i | AR B A

2 JE BT RE IR M vl g v AR R A BRI
B SVG WY TCI R AMERE T3 A7 R, 1T HL AR i TR & AR
JEE PN 2T A B AR R G 0 e R Y
kg, Wi ASCHR I TR MBI XL FE 32 5 H
FEJATT T, FEE STk AN O 7 A% 58 L I L )
AR A P s 05 3l 1 A R ) I RE DR R e v, R A KA
T XL ADL [) 25 K v, AL B39 BIL AR |, o H A, LA
Fhs i SR ) R IE I T R . @ JEH
o0 B XL B A 728 a2 TR, 2 0 A R I 1 3 O 9
/U HAT T Sy A bt DT I EG TS T By R A A
M iae S, QR M A SVG BE W% P 3 i i HL JE
T MR & T B A b B R Bl . @ FE AR IE
BB IL A E S AT B A F R L SR T R
F, 2R G 45 i s 140 4 01 AR B U L A R SR £
UEAM 3% Ty 28 B3k e R I R o

1 FEEREE RS RME

1.1 EEERBERGEE
SRWSER RS e o - DR N S
b AN 8 7 3t R0 8 YA 3t LA A P 4 B R AS T R

W BT AE U5 v A4 XUR 3 O AR F 3 RO AR R
2o 8 R g 5 26 o S I N RE AR B 4

_____

i
el LE
i

E1 ZEERBERS
Figure 1 Flexible direct current transmission system
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Figure 2 Topology of the converter at the sending-end of

a flexible direct current transmission system
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Figure 4 Control principle of grid-forming wind turbine
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Figure 13 Effectiveness of constant power and

constant DC voltage control strategies
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Grid-forming Wind Turbines Participate in Control of High Renewable Penetration

Sending-end Systems

CHEN Boyang', LIU Xumin', KONG Dezhen', JIN Qin', XING Kai®, LI Zhongwen®

(1. Economic and Technical Research Institute, State Grid Gansu Electric Power Company, Lanzhou 730000, China; 2. School of

Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: To address the issue of bus voltage fluctuations caused by reduced system inertia and insufficient reactive
power regulation capability due to the high penetration of power electronic devices in new energy bases, a voltage
control strategy was proposed for high penetration sending-end systems, wherein grid-forming wind turbines were ac-
tively engaged in voltage regulation. Firstly, a grid-following static var generator was employed to provide fast reac-
tive power response and suppress initial voltage fluctuations. Then, grid-forming wind turbines emulated the electri-
cal and mechanical characteristics of synchronous generators to enhance system voltage support capability. Consid-
ering the capacity limitations of converters, an adaptive active power shedding control was applied in severe voltage
sag conditions to improve reactive power compensation capability. Meanwhile, constant power and constant DC volt-
age control strategies were designed to achieve power balance between the sending and receiving ends of the flexible
DC transmission system and reduce DC bus voltage fluctuations. Finally, a simulation model of a new energy base
based on the IEEE 13-bus system was established in MATLAB/Simulink to validate the effectiveness of the pro-
posed control strategy. Compared with conventional voltage regulation methods, the proposed approach could reduce
voltage deviation by 18% with sudden reactive load changes and by 50% in the event of voltage sags caused by
short-circuit faults. These results clearly demonstrated that the proposed strategy significantly could improve the
voltage recovery capability of high-penetration sending-end systems with fault-induced disturbances.

Keywords: new energy base; grid-forming wind turbines; grid-following static var generator; voltage support; re-

active power compensation



